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In all of our editorials in the last two years, the Covid-19 pan-
demic issue was present. Finally, the day has come for the title 
of one of our editorials – Brighter Light at the End of the Tunnel 
(RAD CASA 547=54-55, 2021) – to come true.
Dear readers. From the glance at the double issue of our jour-
nal currently in front of you, it is obvious that we have indeed 
returned to normal. This becomes evident looking at the number 
and diversity of the published articles and particularly at the so-
called social section of our journal entitled NEWS and EDU-
CATION. The list of book reviews follows: Vladimir Medved 
(editor): Measurement and Analysis of Human Locomotion, 
Springer Nature Switzerland Ag 2021; Vanja Bašić-Kes, Vida De-
marin: MIGRENE, Medicinska naklada, Zagreb, 2022; Mirna 
Šitum, Vedrana Bulat and associates: Psoriasis, CASA and Medix, 
Zagreb, 2022; Marko Pećina, Stella Fatović-Ferenčić (editors): 
Discussions and Materials for the History of Science, Book 21, 
CASA, Zagreb, 2021. Let us now list the reviews of the scien-
tific and professional symposia held recently, which were mainly 
organised by members of the Department of Medical Sciences: 
Mind & Brain, Pula Congress (Vida Demarin); Summer Stroke 
School Dubrovnik (Vida Demarin); CroVascular Event (Mislav 
Vrsalović); Brain Week (Ivica Kostović); Hypertension (Bojan 
Jelaković); PNEI (Vida Demarin); Cardiology Colloquium in 
Dubrovnik (Davor Miličić).
Let us come back to the principal contents of our issue 58-59. 
We proudly mention six original articles – of high quality in 
our as well as the reviewers’ opinion – written as a result of the 
authors’ research. There follow three Reviews, three Reviews – 
Case Reports, and two Case Reports. Authors outside Croatia 
(from Slovenia and Northern Macedonia) wrote three out of 
fourteen articles. We take great pleasure in the fact that the 
wider region has accepted our journal well. In this context, we 
will continue conducting our activities, that is to say stimulat-
ing cooperation with authors outside Croatia.
However, despite the optimistic title of this editorial, BACK 
TO NORMAL, we are convinced that in the issues to come, 

we will increasingly publish articles tackling the topic of the 
so-called Post-covid era: The new and unknown field, which is 
the title taken over from an earlier issue of our journal (RAD 
CASA 547=54-55: 120-123, 2021). We are all aware of the 
need for conducting studies to confirm or refuse the trigger 
effect of SARS-CoV-2 on the disorders of nearly any human 
organic system. In particular, the Post Covid Neurological Syn-
drome (PCNS), with examples of patients developing a certain 
COVID brain fog, and various neurological symptoms, such as 
headache and the problem with smell and taste and dizziness in 
the post-Covid-19 period. We take pride in having the oppor-
tunity to publish the article entitled Overview and management 
of different post-Covid conditions in this issue. Our thanks go to 
a group of authors – rather distinguished experts – for choos-
ing our journal to publish their latest knowledge regarding 
the pressing post-Covid problematics in. Here we quote the 
Conclusion of the said article:
The multi-organ sequelae of COVID-19 beyond the acute phase 
of infection are increasingly being recognized. Continuation of 
research, including the identification and characterization of key 
clinical, serological, imaging and epidemiologic features of COV-
ID-19 in the acute, subacute and chronic phases of disease, will 
help us to better understand the natural history and pathophysiol-
ogy of this new disease entity. Currently, healthcare professionals 
caring for patients after acute COVID-19 have the key role of 
recognizing, documenting, investigating and managing ongoing or 
new symptoms, as well as following up organ-specific complications 
that developed during acute illness. Interdisciplinary cooperation 
is needed for comprehensive care of these patients in the outpatient 
setting. Given the global scale of this pandemic, it is apparent that 
the healthcare needs for patients with sequelae of COVID-19 will 
continue to increase for the foreseeable future, which will sub-
stantially burden the existing outpatient infrastructure. Thus, the 
development of scalable healthcare models and integration across 
disciplines for improved mental and physical health of survivors of 
COVID-19 in the long term is needed.

Following our practice so far in every double issue of our 
journal published at the end of June, we wish all our authors 
and readers a pleasant summer holiday, and a happy reunion 

BACK TO NORMAL

Marko Pećina, Vida Demarin

DOI: 10.21857/yq32ohxv09
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afterwards in our places of work and within our families. We 
sincerely hope no new Covid-19 wave will surprise us, but we 
will naturally act with caution and precaution, so that back to 
normal may remain a permanent state.

8. Janković Makek M, Babić Z, Barun B, Bašić-Jukić N, Bilić 
E, Borovečki F, Cerovečki V, Čivljak R, Domislović V, 
Gabrić I D, Habek M, Hadžibegović I, Jakšić N, Jalušić 
Glunčić T, Krznarić Ž, Lukšić I, Ljubičić Đ, Marčinko D, 
Markotić A, Marušić A, Perić P, Petelin Gadže Ž, Radić 
Krišto D, Redžepi G, Sporiš D, Samaržija M. Overview and 
management of different post-COVID conditions 552=58-
59 (2022): 70-81 DOI: 10.21857/mwo1vc32oy
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Abstract:
Introduction Fractures are traumatic injuries that mainly occur in bone metaphysis, however most 
studies of bone healing have focused on diaphyseal bone. This is important because the healing process 
of trabecular metaphyseal bone has different healing characteristics from the diaphyseal area. Inflam-
mation is thought to play an important, but different role in these two bone fracture types: diaphyseal 
fractures heal slowly through the formation of callus tissue, and metaphyseal trabecular bone heals 
faster, with no, or limited callus formation. As cytokines are key modulators of inflammation, the aim 
of the present study was to define the cytokine profiles at the core of these two conditions with possi-
ble implications for the bone healing process. Materials and Methods This study included sixteen pa-
tients with long bone metaphyseal and diaphyseal fractures and a healthy control group. Blood samples 
were taken at two timepoints: i) between the 1st (the day of the fracture) and the 6th day after fracture 
occurrence; ii) between the 7th and the 21st day after fracture occurrence. Fractures were treated either 
conservatively or surgically, depending on specific clinical indications. All participants with diaphyseal 
fractures were treated surgically. The control group provided blood samples on one occasion. The ob-
tained plasma samples were pooled into 5 different experimental groups and analysed using commer-
cial cytokine arrays. Results Marked differences in cytokine expression profiles were found between 
the fracture groups and the control group. The diaphyseal group had an “activated” pro-inflammatory 
cytokine profile with markedly higher levels of cytokines at both timepoints compared to the meta-
physeal group, which in contrast had a “silenced” cytokine expression profile. Single cytokine analysis 
revealed that in both metaphyseal and diaphyseal fracture groups MCP-1 and RANTES showed the 
most prominent fold change at both timepoints. IL-6 and TNF-α also show similarly elevated levels 
in both timepoints in the diaphyseal fracture group, whereas this is not observed in the metaphyseal 
group. Furthermore, IL-3 expression was also elevated in the diaphyseal group, but only in the first 
timepoint. Conclusion This pilot study indicated chemokines which might be potential crucial driv-
ers of bone healing, as well as painted distinct cytokine plasma profiles evident in metaphyseal and 
diaphyseal healing. 
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Sažetak:
Razlike u ekspresiji citokina u cijeljenju prijeloma koštane metafize i dijafize pružaju moguće 
nove spoznaje u području koštane regeneracije
Uvod Koštani prijelomi su traumatske ozljede koje se većinom događaju u području koštane metafize. 
Međutim, većina istraživanja se usmjerava na dijafiznu kost. Važno je naglasiti da proces cijeljenja 
trabekularne kosti metafize ima različite karakteristike od dijafizne kosti. Pretpostavlja se da upala ima 
važnu, ali i različitu ulogu u ova dva tipa prijeloma: dijafizni prijelomi cijele sporije formacijom kalus-
nog tkiva, dok metafizni prijelomi cijele brže, s ograničenim stvaranjem kalusa ili bez njega. S obzirom 
na to da su citokini ključni modulatori upale, cilj ovog istraživanja je bio definirati profil citokina koji 
su u središtu ova dva procesa, s mogućom implikacijom na proces koštanog cijeljenja. 
Materijali i metode U ovo istraživanje uključeno je šesnaest pacijenata s prijelomima duge kosti 
u području metafize ili dijafize te kontrolna grupa zdravih ispitanika. Uzorci krvi uzeti su u dvije 
vremenske točke: i) između 1. (na dan prijeloma) i 6. dana poslije prijeloma; ii) između 7. i 21. dana 
poslije prijeloma. Prijelomi su liječeni konzervativno ili kirurški, ovisno o specifičnim kliničkim 
indikacijama; svi sudionici s dijafiznim prijelomima liječeni su kirurški. Uzorci krvi kontrolne skupine 
uzeti su u jednoj vremenskoj točki. Uzorci plazme podijeljeni su u 5 različitih eksperimentalnih skupi-
na i analizirani koristeći komercijalno dostupne citokinske testove. Rezultati Pronađene su značajne 
razlike u profilu citokinske ekspresije skupina s prijelomima i kontrolne skupine. Skupina s dijafiznim 
prijelomima pokazala je “aktivirani” pro-upalni citokinski profil s naznačeno višim razinama citokina 
u obje vremenske točke, u usporedbi sa skupinom s metafiznim prijelomima, koja je pokazala “utišani” 
ekspresijski profil citokina. Analiza pojedinačnih citokina pokazala je da su MCP-1 i RANTES imali 
najizraženije povišen faktor promjene (eng. fold change) u obje skupine s koštanim prijelomima, i to 
u obje vremenske točke. IL-6 i TNF-α su pokazali sličan obrazac u obje vremenske točke u dijafiznoj 
skupini, dok u metafiznoj skupini to nije uočeno. Ekspresija IL-3 je također bila povišena u dijafiznoj 
skupini, ali samo u prvoj vremenskoj točki. Zaključak Ova pilot studija ukazala je na citokine koji 
bi potencijalno mogli biti važni čimbenici u koštanom cijeljenju uz prikaz različitih profila citokina 
plazme u metafiznom i dijafiznom koštanom cijeljenju. 

Ključne riječi: koštani prijelomi, citokini, cijeljenje koštanih prijeloma, koštana regeneracija

play a crucial role in the initiation of fracture healing. Callus 
formation and resolution is coordinated by a complex and highly 
orchestrated network of molecular and cellular factors. Diaphyse-
al fractures mainly heal via the formation of callus tissue; whereas 
in metaphyseal spongy bone, limited or no callus is formed, 
and healing occurs by direct bone formation within the injured 
marrow compartment, which at the same time serves as a source 
of mesenchymal cells that are vital for bone regeneration (9). 
Furthermore, bone healing is also modulated by the intercellular 
communication between immune and mesenchymal stem cells 
(MSCs) (10). MSCs residing close to the bone surface show 
strong osteogenic potential in comparison to cells located in the 
central region of the bone marrow (11). Periosteum is the major 
source of cells with significant osteogenic and chondrogenic 
potential (12). 
In diaphyseal fractures, one of the crucial events is the recrui-
tment of competent cells from surrounding tissues or circula-
tion, in which inflammation might play a key role (13). The 
inflammatory phase of fracture healing includes activation of 
innate immunity mechanisms and secretion of proinflamma-

Introduction
The bone is a highly specialized organ, characterized by hardness, 
rigidity, and power of repair and regeneration. It acts as a mineral 
reservoir for calcium homeostasis, acid-base buffer and a reservo-
ir of growth factors and cytokines. Long bones are divided into 
epiphyses, which are placed at each bone end; metaphyses (rich 
with cancellous bone) that connect epiphyses with the cortical-
rich central part of the bone – the diaphysis (1–3). Fractures 
are frequent traumatic injuries that most commonly occur in 
metaphyseal areas of long bones in humans and show different 
healing characteristics in comparison to diaphyseal fractures 
(3–5). The bone healing process is commonly didactically divi-
ded into four stages: It starts with i) hematoma formation and 
inflammation; followed by ii) soft (cartilagineous) callus forma-
tion, iii) bony callus formation and, finally, iv) bone remodeling 
(3,6). It is important to note that these classical four stages of 
bone healing pertain to diaphyseal bone healing on the periosteal 
side (7). Contrastingly, stable metaphyseal fractures are repaired 
by direct bone formation within the bone marrow; additionally, 
cartilaginous and bony callus formation are not observed on the 
periosteum side (3,5,8). In general, inflammation is thought to 
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tory cytokines, such as tumor necrosis factor alpha (TNF-α) 
and several interleukins (IL-1, IL-6, IL-11, IL-23), which are 
described as essential signals (14). The secreted cytokines attract 
immune cells involved in fracture healing, such as macrophages, 
monocytes and lymphocytes to the injury site, which in turn 
remove necrotic tissue and secrete growth factors, which further 
stimulates fracture healing (15). The importance of immunity 
in fracture healing has been demonstrated even in the hemato-
ma phase of the fracture, as upregulation of regulatory T helper 
cells and anti-inflammatory cytokines (IL-10) coincided with 
an upregulation of angiogenic factors, which are essential for re-
vascularisation (15). Pro-inflammatory cytokines are also highly 
expressed in later phases of fracture healing, including the remo-
deling phase (10). However, timely termination of inflammatory 
processes is of importance in normal bone healing, as prolonged 
pro-inflammatory signaling occurs in delayed bone-healing 
models (16). The importance of precise spatial and temporal 
regulation of inflammatory processes is strengthened by the fact 
that the administration of immunosuppressant dexamethasone, 
has strikingly different effects on healing in metaphyseal and 
diaphyseal fractures (17,18). Moreover, this also implies that 
there is functional heterogeneity in response to bone injury at 
the site of bone marrow mesenchymal cells and the periosteum; 
the metaphyseal region is more conducive to the recruitment of 
MSCs to the injury site (3). Considering these distinct patterns 
of bone healing, a cytokine expression profile with increased pro-
inflammatory markers would be essential for cortical (diaphyse-
al), but possibly not for metaphyseal fracture healing.
Taking these observations in account; wishing to explore the 
systemic differences in cytokine plasma profiles between patients 
that suffered from either metaphyseal or diaphyseal long bone 
fractures, we conducted a small prospective observational study 
in which we analysed the expression of 23 different cytokines 
of patients’ plasma at two distinct time points. This was done 
in order to further understand the role cytokines and immune 
mechanisms have in fracture healing, to establish differences 
in cytokine profiles among distinct types of fractures and their 
respective phases, as well as to potentially provide insights which 
can be translated into research uncovering modes of fracture 
healing optimisation. 

Participants and methods
Participants
This study included sixteen patients with long bone (N=10 
with metaphyseal, N=6 with diaphyseal) fractures and a healthy 
control group (N=10), study outline is depicted in Figure 1. 
Subjects with bone fractures were recruited between January 1st 
and March 31st 2021 at the Clinic for Traumatology, Sisters of 
Charity University Hospital Centre, Zagreb. All participants 
included in the study have provided written consent for parti-
cipation. The study was approved by the Ethics Committee of 
the Sisters of Charity University Hospital Centre. In order to be 
included in the study, all participants had to meet the inclusion 
criteria and none of the exclusion criteria (Table 1). Solely pati-
ents that suffered from long bone fractures (i.e., fractures of the 
metaphyseal or diaphyseal part of the radius, ulna, humerus, fe-
mur, tibia or fibula) were included. These types of fractures were 
selected because of their presumed similarity to animal models of 
fractures used in existing studies (19). The control group which 
consisted of ten (N=10) healthy volunteers who provided blood 
samples on one occasion. All healthy volunteers were female, 
aged 22-65. To be included in the study as healthy controls, 
participants had to be free of any active infections, malignant 
or other life-endangering disease. Samples were taken at two 
timepoints: i) the first timepoint between the 1st (the day of the 
fracture) and the 6th day after fracture occurrence; ii) the second 
timepoint was set between the 7th and the 21st day after fracture 
occurrence. Fractures were treated either conservatively or surgi-
cally, depending on specific clinical indications. All participants 
with diaphyseal fractures were treated surgically. Additional data 
about the participants can be found in Supplementary Table 1.
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Figure 1. Study outline depicting subject groups, samples and methods. 
Image created with BioRender.com.
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Table 1. Inclusion and exclusion criteria employed to recruit study participants with bone fractures.

INCLUSION CRITERIA EXCLUSION CRITERIA

 Provided written consent Malignant tumor

 Age 18-65 years Age over 65 years

 Clinical and radiological verification of metaphyseal and 
diaphyseal fractures Immunocompromised patients

 Fracture of the radius, ulna, humerus, femur, tibia or fibula Underlying osteoporosis

Active infection

Methods
Blood samples were drawn from participants by venipuncture 
and were stored into two 5 mL vacuette blood collection tubes 
containing 3.8% sodium citrate (blood to anticoagulant ratio 
1:9). Plasma was isolated by centrifugation at 1.5 rcf for 15 min-
utes and were stored at -80 °C until further analysis. 
The obtained plasma samples were pooled into 5 different 
experimental groups to be analysed using cytokine arrays. Experi-
mental groups (sample pools) were the following: i) metaphyseal 
fractures at the first timepoint (N=10); ii) diaphyseal fractures 
at the first timepoint (N=6), iii) metaphyseal fractures at the 
second timepoint (N=10); iv) diaphyseal fractures at the second 
timepoint (N=6) and v) healthy controls (N=10). Pools were 
analyzed using the Human Cytokine Antibody Array – Mem-
branes (Abcam, ab133996) according to manufacturer’s in-
structions. Results were analyzed using the Chemi Doc imaging 
system (BioRad) according to manufacturer’s recommendation. 
Background correction and quantification of fluorescent signals 
was performed with ImageJ 1.52a software (NIH). Expression 
of each cytokine was thus semi-quantitatively determined and 
reported for each experimental group as fold-change in compa-
rison to the healthy control experimental group (which served 
as baseline). The heatmap of expression levels of cytokines was 
made using the matrix visualization and analysis software Mor-
pheus (20).

Results
Patients’ characteristics are presented in Supplementary Table 1. 
The fold change relative to healthy controls for each of the 23 
analysed plasma cytokines in each sample group is shown in Fig-
ure 3. Furthermore, numerical fold change results for all samples 
and cytokines are shown in Supplementary table S2. 
Marked differences in cytokine expression were found between 
the fracture groups and the control group (Figure 3). By observ-
ing differences in general cytokine expression trends between 
groups, the majority (17 in the first and 20 in the second time-
point, respectively) of the analysed cytokines in the metaphyseal 
group show relative expression levels which are lower than those 
of the control group (Figure 3). Results from the diaphyseal 
groups are somewhat different, as only 8 cytokines from the first 
and second timepoint showed lower relative expression levels 
compared to the control group (Figure 3), while the majority 
of cytokines show expression levels lower than the baseline. The 
heatmap of the results shows that the significantly differentially 
expressed cytokines can effectively separate the comparison 
groups showing possible background occurrences in both types 
of healing (Figure 2). It is clearly observed that the diaphyseal 
group has an “activated” pro-inflammatory cytokine profile with 
markedly higher levels of cytokines at both timepoints compared 
to the metaphyseal group, which in contrast shows a much more 
muted, or even “silenced” cytokine expression profile. 
Single cytokine analysis showed that in both metaphyseal and 
diaphyseal fracture groups the cytokines MCP-1 and RANTES 
showed the most prominent fold change at both timepoints. 
In the metaphyseal groups, increases in relative MCP-1 expres-
sion of 125% (first timepoint) and 107% (second timepoint) 
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were observed. Results from the diaphyseal group showed an 
increase in MCP-1 expression of 141% and 134% for the first 
and second timepoint, respectively (Supplementary table S2). 
Increase of RANTES expression was also markedly changed in 
all groups and ranged from 59% (first timepoint of metaphyseal 
group) and 80% (second timepoint diaphyseal group). IL-6 and 
TNF-α also show similarly elevated levels in both timepoints in 
the diaphyseal fracture group, whereas this is not observed in 

the metaphyseal group. Furthermore, IL-3 expression was also 
elevated in the diaphyseal group, but only in the first timepoint 
(Figure 3). Additionally, GM-CSF expression levels were consid-
erably lower from the baseline in both groups at both timepoints 
(Figure 3). It is also worth noting that MCP-3 expression levels 
in the metaphyseal group are the only to show a decrease in the 
expression levels greater than 30% at both timepoints (Supple-
mentary table S2). 

 

 

Figure 2. Heatmap showing expression levels of 23 cytokines from the diaphyseal and metaphyseal fracture groups. Red colour hues show 
higher, and blue hues show lower expression levels. A clearly visible trend of a pro-inflammatory pattern can be seen in the diaphyseal 

groups, whereas the cytokine response in the metaphyseal groups is much more muted.

Figure 3. Graphs A - D show relative expression of analysed cytokines shown as fold change values (y-axis) of the diaphyseal 
(A and B) and metaphyseal (C and D) fracture groups compared to baseline values of the control group (dashed line). 
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Discussion
Bone fracture healing is an extremely complex physiological 
mechanism which employs a plethora of factors including a vast 
array of different cell types which are tightly regulated thro-
ugh different mediators – namely, hormones, growth factors 
and cytokines, as well as other molecules. These mediators can 
either act locally in the tissue (paracrine signaling), or they can 
be plasma soluble; additionally, they could be transported with 
other modes of transportation, as protein cargo inside extracel-
lular vesicles, whose role in bone healing is emerging (21). Since 
cytokines are crucial messengers that govern cell communication, 
which in turn enable basic cellular functions and coordination 
of multiple-cell actions; we focused on the systemic axis of bone 
fracture healing. By employing a cytokine array we intended to 
observe potential differences between metaphyseal and diaphyse-
al fracture, as well as to roughly estimate (using two time points) 
the existence of dynamic changes within each fracture healing 
group, and possibly, to capture the differential transition between 
the hematoma/inflammatory and the callus formation phase.
Our study detected a distinct difference in cytokine profiles 
between metaphyseal and diaphyseal healing. A striking trend is 
visible in the metaphyseal group, where nearly all of the explored 
cytokines had lower plasma concentrations in comparison to he-
althy controls. Conversely, diaphyseal group showed an elevation 
of various proinflammatory cytokines (e.g. IL-1a, IL-6, TNF-α) 
as well as inflammatory markers at both timepoints. However, 
it is important to note that TGFβ, a classically pro-fibrotic, but 
pleiotropic cytokine, was also elevated. These findings indicate 
that diaphyseal fracture healing is driven by soluble component 
mediators, and that inflammation is the central mechanism 
involved in this type of healing. In contrast, inflammatory 
markers are “silenced” in patients with metaphyseal fractures. 
These observed differences between metaphyseal and diaphyse-
al fractures might be a result of their different mechanisms of 
MSC recruitment (22). As the metaphyseal region has more 
mesenchymal progenitors than the diaphyseal region, it might 
case that diaphyseal healing requires more pronounced cytokine 
signaling in order to regulate MSC recruitment and proliferation 
in the periosteum, as e.g. MCP-1 and TNF-α have been shown 
to do (23,24). The inflammatory phase of bone healing itself has 
been described to be limited, shorter and to terminate earlier in 
metaphyseal than diaphyseal fractures in animal models (22). 
This might explain our results in two ways, as they might be due 
to a similarly limited inflammatory phase in human fractures, as 
well as the fact that the inflammation might have been abrogated 
by the time samples were taken. The differing role of inflamma-
tion on fracture healing has also been shown by Sandberg et 
al., who demonstrated that downregulation of inflammatory 
response by glucocorticoids inhibits diaphyseal fracture healing, 
and in contrast increases the strength of regenerated metaphyseal 
bone (18). 

A constant is visible in two cytokines among both types of hea-
ling, at both time points: two cytokines with emerging roles in 
bone healing – elevation of MCP-1 and RANTES. MCP-1 (also 
known as CCL-2) has an important role in osteoclastogenesis 
(and therefore bone remodeling) and has also been associated 
with injury-related heterotopic ossification (25). Furthermore, 
MCP-1 signaling has shown to be essential for the recruitment of 
MSCs during early stages of fracture healing in animals models 
(23). RANTES (CCL5) acts as a chemoattractant for immune 
cells as well as for osteoblasts and has previously been hypothesi-
zed to be a culprit-trigger molecule for the induction of hetero-
topic ossification in a rare bone disease – fibrodysplasia ossificans 
progressiva (FOP) (26,27). Moreover, increased RANTES expre-
ssion was observed locally, at the site of hematoma formation as 
well as in the surrounding bone marrow in human specimens 
(27,28). To add, we found RANTES and MCP-1 to be elevated 
in post-COVID exacerbation of heterotopic ossification in FOP 
patient (29). Our findings, taken together with this theoretical 
background, could imply that MCP-1 and RANTES might be 
constitutional chemoattractant drivers of bone healing and for-
mation, especially in early phases, irrespective of fracture type.
It is important to take into account that most patients with 
diaphyseal, and some with metaphyseal fractures underwent 
surgical treatment, which is known to induce an inflammatory 
response (30). However, we believe that, the distinction between 
metaphyseal and diaphyseal groups is not solely the result of 
surgical inflammatory stimulus, as this distinction wouldn’t be as 
apparent at both time points. Rather, the “chasm” between the 
groups would probably reduce at the second time point, which 
was predominately weeks after surgery. 
In order to draw valid conclusions, the limitations of this study 
must be taken into account. First, this study is limited by the 
small sample size and by employing only two time points where 
each spans over the period of several days. Second, samples were 
pooled into experimental groups which made it impossible to 
study individual pateient differences in bone healing mecha-
nisms. However, by pooling the samples, we were able to get a 
“biological average”. Third, as we mentioned, it is important to 
take into account the fact that some patients underwent sur-
gery, and others didn’t. Fourth, our baseline were healthy female 
volunteers, whereas fracture patients were both male and female. 
Fifth, cytokines were analysed semi-quantitatively. 
However, we believe that in spite of these limitations, our pilot 
study indicated chemokines which might be potential crucial 
drivers of bone healing, as well as painted distinct cytokine plas-
ma profiles of metaphyseal and diaphyseal healing - and therefore 
shed further light on the fact that these types of fractures heal 
by employing different mechanisms. As cytokines likely present 
some of the many cogwheels which move these processes, this 
topic demands further research in order to fully understand them 
and consequently improve treatment modalities and potentially 
patient outcomes. 
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Figure 4. Illustration depicting differences between metaphyseal and diaphyseal fracture healing. Metaphyseal fractures result in predominantly bone marrow derived stem cell 
migration into the fracture site and differentiation into bone derived osteoblasts. Both proinflammatory cytokine and inflammatory cell levels are suppressed, apart from RANTES 
and MCP 1. In contrast, diaphyseal fractures result in predominantly periosteal derived stem cell migration and differentiation. Both proinflammatory cytokine and immune cell 

levels are upregulated compared to metaphyseal fractures.
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Abstract:
Introduction. Borderline Personality Disorder (BPD) is characterised, among other features, by in-
creased impulsivity and aggression, both directed toward the self and others. These clinical signs most 
likely arise from complex gene-environment interactions. In our study, we sought to elucidate the role 
of prenatal testosterone exposure in female patients with BPD.
Materials and Methods. In a sample of 42 patients and 50 controls matched for age and biological 
sex, we measured the ratio of the second to the fourth digit of both hands (2D:4D ratio), which is 
established as a reliable correlate of prenatal testosterone levels in the foetus. In addition, we used sev-
eral self-rating scales to determine personality dimensions, impulsivity, aggressiveness and risk-taking 
behaviour.
Results. No differences between the groups emerged with regard to 2D:4D ratio of both hands. In ad-
dition, there were almost no correlations between psychological measures and the 2D:4D ratio in the 
entire sample.
Conclusions. Contrary to predictions, female patients with BPD did not differ from controls in 
2D:4D ratio bimanually, suggesting no abnormal intrauterine (prenatal) exposure to testosterone in 
this clinical group. As expected, differences between patients and controls in personality traits, impul-
sivity, aggressiveness and risk-taking were highly significant and in concordance with the existing body 
of knowledge. Since BPD features are highly heterogeneous, it could be interesting to study subgroups 
of BPD patients, rather than the broader phenotype according to DSM-5 criteria.

Keywords: Borderline personality disorder; prenatal testosterone; digit ratio; impulsivity; aggres-
siveness; risk-taking. 

Sažetak:
Nema dokaza za promijenjenu prenatalnu izloženost testosteronu kod mladih žena s dijagnozom 
graničnog poremećaja osobnosti
Uvod. Granični poremećaj ličnosti (BPL) karakterizira, među ostalim, povećana impulzivnost i 
agresivnost, kako prema sebi tako i prema drugima. Ovi klinički znakovi najvjerojatnije proizlaze iz 
složenih interakcija gena i okoline. U našoj smo studiji nastojali razjasniti ulogu prenatalne izloženosti 
testosteronu u pacijentica s BPL-om.
Materijali i metode. Na uzorku od 42 bolesnika i 50 kontrola usklađenih po dobi i biološkom spolu, 
izmjerili smo omjer drugog i četvrtog prsta obje ruke (omjer 2p:4p), što je utvrđeno kao pouzdana ko-
relacija prenatalnih razina testosterona u fetusu. Osim toga, koristili smo nekoliko ljestvica samoocjen-
jivanja kako bismo odredili dimenzije osobnosti, impulzivnost, agresivnost i rizično ponašanje.

No evidence for altered prenatal 
exposure to testosterone in young 
females diagnosed with Borderline 
Personality Disorder

Lisa Kokkelink1, Benjamin Otto1 & Martin Brüne*1

1 LWL University Hospital Bochum, Department of Psychiatry, Psychotherapy and Preventive Medicine, Division of Social 
Neuropsychiatry and Evolutionary Medicine, Ruhr-University Bochum, Germany

OPEN ACCESS

Correspondence:
Martin Brüne

martin.bruene@rub.de

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: 25 March 2022
Accepted: 7 June 2022

Published: 30 June 2022

Citation:
Kokkelink L, Otto B, Brüne M. No 

evidence for altered prenatal exposure 
to testosterone in young females 

diagnosed with Borderline Personality 
Disorder

RAD CASA - Medical Sciences. 
552=58-59 (2022): 20-26

DOI: 10.21857/moxpjh1v5m

Copyright (C) 2022 Kokkelink L, Otto 
B, Brüne M. 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 per-
mitted, provided the original author(s) 
and the copyright owners(s) are cred-

ited 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 552. Medical Sciences 58-59 (2022) : 20-26                       www.rad-med.com 21 June 2022   -   Vol 552 = 58-59

Rezultati. Nisu se pojavile razlike između skupina s obzirom na omjer 2p:4p obje ruke. Osim toga, 
gotovo da nije bilo korelacije između psiholoških mjera i omjera 2D:4D u cijelom uzorku.
Zaključci. Suprotno predviđanjima, pacijentice s BPL-om nisu se razlikovale od kontrolne skupine 
u omjeru 2p:4p bimanualno, što sugerira da nema abnormalne intrauterine (prenatalne) izloženosti 
testosteronu u ovoj kliničkoj skupini. Kao što se očekivalo, razlike između pacijenata i kontrola u 
osobinama osobnosti, impulzivnosti, agresivnosti i preuzimanju rizika bile su vrlo značajne iu skladu s 
postojećim znanjem. Budući da su značajke BPL-a vrlo heterogene, moglo bi biti zanimljivo proučavati 
podskupine pacijenata s BPL-om, a ne širi fenotip prema DSM-5 kriterijima.

Ključne riječi: granični poremećaj ličnosti; prenatalni testosteron; omjer duljine prstiju; impul-
zivnost; agresivnost; preuzimanje rizika.

cism” and “agreeableness” (10), impulsivity (11), and behavioural 
signs of masculinity (12), including “tomboyness” (13), and risk-
taking behaviour (14). In addition, Evardone et al. (4) reported 
an association of the 2D:4D ratio with affective instability in a 
non-clinical sample. Overall, the correlations between digit ratio 
and personality traits seems to be more robust in women com-
pared to men (12). To the best of our knowledge, no study exists 
that has examined the 2D:4D ratio in a clinical sample of female 
patients with BPD, and its possible associations with impulsivity, 
risk-taking, personality traits and aggressiveness. We hypoth-
esised that women with BPD would have smaller 2D:4D ratios 
(indicative of a greater prenatal testosterone exposure) compared 
to female controls, and expected correlations of the digit ratio 
with impulsivity, aggressiveness, risk-taking, and certain person-
ality dimensions such as neuroticism and agreeableness.

Materials and Methods
Participants
Forty-two female patients diagnosed with Borderline Personality 
Disorder (BPD) according to DSM-5 criteria (mean age 26.8 
± 6.1 years) participated in the study. They were recruited from 
an in-patient unit of the LWL University Hospital Bochum, 
Ruhr University Bochum, Germany with a treatment focus on 
Dialectical Behaviour Therapy in the year 2019. For comparison, 
50 women (mean age 25.4 ± 3.7 years) who were free of any 
psychiatric condition, as ruled out by a standardised diagnostic 
interview, the Mini-Diagnostisches Interview für Psychische 
Störungen (Mini-DIPS (15)), were recruited via advertisement. 
Individuals with a history of bony fractures of the digits were 
excluded.
The study was approved by the Ethics Committee of the Medi-
cal Faculty of the Ruhr University Bochum, Germany, in full 
accordance with the Code of Ethics of the World Medical As-
sociation (Declaration of Helsinki) for experiments involving 
humans. All participants gave fully informed consent in writing.

Introduction
The term “Borderline Personality Disorder” (BPD) describes a psy-
chiatric condition that is characterised by difficulties in emotion 
regulation, impulsivity, risk-taking behaviour, chronic feelings of 
emptiness, fear of abandonment, inappropriate anger, and occa-
sional paranoid or dissociative symptoms (1). Many of the above-
mentioned symptoms emerge before a background of childhood 
trauma, often in the form of emotional neglect or abuse by early 
caregivers, causing the development of mistrustful inner working 
models and severe interpersonal difficulties (overview in (2)).
Neurobiologically, there is evidence to suggest that a dysregu-
lation of the oxytocinergic system plays a key role in BPD 
(overview in (3)), but research has also shown alterations of the 
steroid hormones, including testosterone and oestrogen in BPD 
(4). Indeed, a few studies have demonstrated that individuals 
with BPD present with elevated testosterone levels in hair (5) 
and saliva (6), which may be a neurobiological correlate of trait 
aggressiveness in these patients (6). It is presently unknown, 
however, if individuals who develop BPD later in life have been 
exposed to heightened testosterone levels prenatally.
An elegant and non-invasive way to study prenatal testosterone 
(and oestrogen) exposure is to determine the ratio between the 
length of the second to the fourth digit of the hand (referred 
to as 2D:4D ratio). Research has shown that the 2D:4D ratio 
differs between men and women, with men having lower ratios 
than women (7), and that the 2D:4D ratio correlates inversely 
with the prenatal exposure to testosterone, i.e. the higher the 
testosterone level the smaller the ratio (8), whereby the evidence 
seems to be stronger for the right hand compared to the left 
hand digit ratio (9). 
Aside from correlations between the 2D:4D ratio with the 
number of sperm in men and the concentrations of testosterone, 
luteinizing hormone and oestrogen in both sexes (8), as well as 
with waist-to-hip-ratio in females, a few studies have reported as-
sociations of the 2D:4D ratio with the personality traits “neuroti-
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Determination of the 2D:4D ratio
The length of the second and the fourth digit of both hands 
was indirectly determined on the basis of scans produced by a 
standard scanner, type Canon CanoScan LiDE 220. The finger 
base and the fingertip were used as landmarks, whereby the most 
proximal skin fold of the finger base was chosen. Importantly, 
the shade of finger nails was excluded from the determination of 
the fingertip and could easily be distinguished visually from the 
soft tissue of the digital pulp. The finger lengths were determined 
for the right and left hand separately. The ratio of the second 
(2D) to the fourth (4D) digit was calculated using AutoMetric 
2.2, yielding highly precise and reliable measures (16).

Waist to hip ratio
In addition, we determined the waist to hip ratio (WtH ratio) by 
measuring the waist circumference whereby the narrowest point 
between the ribs and the iliac crest was chosen. The hip circum-
ference was measured over the buttocks. 

Questionnaires
Neuroticism-Extraversion-Openness Five Factor Inventory (NEO-
FFI)
The NEO-FFI (17) is a widely used questionnaire tapping into 
the ‘Big Five’ personality traits comprising ‘neuroticism’, ‘extra-
version’, ‘openness to experience’, ‘agreeableness’, and ‘conscien-
tiousness’. 

Barratt Impulsiveness Scale (BIS-15)
The Barratt Impulsivity Scale (BIS-15) is a shortened version of 
the original BIS-11. It captures impulsivity on three dimensions, 
termed ‘non-planning’, ‘motor impulsivity’, and ‘attentional 
impulsivity’. Here, a German version was used (18). 

Buss-Perry Aggression Questionnaire (BPAQ)
The Buss–Perry Aggression Questionnaire measures aggressive 
behaviour on four different dimensions: ‘physical aggressiveness’, 
‘verbal aggressiveness’, ‘anger’ and ‘hostility’ (German version by 
Werner & Collani (19)).

Risk Scenario Questionnaire
The Risk Scenario Questionnaire (RSQ) comprises 20 short vi-
gnettes describing various problematic situations as, for example, 
the following: “Imagine you are in the middle of cooking dinner 
for your friends when the kitchen light bulb blows. (...) looking 
around, you realise that if you dragged the kitchen table over, 
put a chair on it and then a stool on top of the chair, you could 
just reach the light. (…) In such a situation, how likely is it that 
you would change the globe in this way?” The participant is then 
asked to answer on a Likert-type scale between 0 (‘definitely not’) 
and 10 (‘for sure’) (20). The 20 vignettes are associated with a 
physical risk (either due to illness or accident), a social risk or a 

financial risk and thus yield four sub-scores: RSQ-A (physical/
accident risk propensity), RSQ-I (physical/illness risk propen-
sity), RSQ-S (social risk propensity) and RSQ-F (financial risk 
propensity).

Statistical analyses
All analyses were carried out using the commercial statistics 
software IBM SPSS Statistics, Version 26 (IBM Corp., Armonk, 
NY, USA). Statistical significance levels were set at p < 0.05, and 
adjusted for multiple comparisons where appropriate. Group 
comparisons were calculated using multivariate analyses of vari-
ance (MANOVA). For correlational analyses between 2D:4D 
ratio and the other measures we report Spearman’s rho (non-
parametric) coefficients.

Results
Between group differences
A Multivariate Analysis of Variance (MANOVA) revealed no 
difference between the BPD group and a non-affected group 
matched for age and biological sex. Specifically, between subject 
tests were non-significant for the 2D:4D ratio of the right hand 
(F = .013, df = 1, p = .909), nor for the digit ratio of the left 
index to ring finger (F = .168, df = 1, p = .683). Likewise, no dif-
ference between the groups emerged for WtH ratio (F = 2.073, 
df = 1, p = .154). In contrast, and in line with expectations, the 
BPD group differed significantly from controls in virtually all 
psychometric measures capturing symptom severity, personality 
dimensions, impulsivity, aggressiveness and risk-taking behav-
iour, whereby p-values for some risk-taking scores would not sur-
vive correction for multiple comparisons. An overview is given in 
Table 1 with uncorrected p-values.
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Table 1. Comparison of biological and questionnaire scores (incl. SD) between the BPD patient group and unaffected controls

BPD Controls p-value

Age (years) 26.8 (6.1) 25.4 (3.7) n.s.

2D:4D right hand .98 (.027) .98 (.030) n.s.

2D:4D left hand .97 (.028) .97 (.030) n.s.

WtH ratio .82 (.088) .79 (.082) n.s.

Borderline symptom severity 47.4 (20.0) 4.4 (4.4) p < .001

Neuroticism 37.3 (6.2) 16.8 (5.7) p < .001

Extraversion 22.6 (7.7) 30.7 (6.0) p < .001 

Openness 29.5 (6.6) 32.7 (5.7) p = .016

Agreeableness 26.7 (6.0) 37.2 (4.9) p < .001

Conscientiousness 24.9 (8.0) 34.0 (4.8) p < .001

Non-planning impulsivity 13.3 (3.1) 9.0 (2.5) p < .001

Motor impulsivity 13.5 (3.7) 9.6 (1.9) p < .001

Attentional impulsivity 13.0 (3.2) 8.2 (2.0) p < .001

Impulsivity (sum score) 39.8 (6.7) 27.0 (4.8) p < .001

Physical aggressiveness 18.8 (7.0) 11.0 (2.1) p < .001

Verbal aggressiveness 12.4 (3.2) 9.5 (1.7) p < .001

Anger 20.0 (4.2) 11.3 (2.9) p < .001

Hostility 23.8 (4.3) 11.0 (2.7) p < .001

Aggressiveness (sum score) 75.0 (13.7) 42.9 (7.1) p < .001

Risk (accidents) 45.9 (26.2) 35.8 (17.2) p < .032

Risk (illness) 57.0 (20.4) 30.8 (13.2) p < .001

Risk (social) 50.6 (21.8) 65.7 (13.2) p < .001

Risk (financial) 36.7 (19.7) 29.8 (12.9) p < .048

Risk (sum score) 92.2 (30.6) 81.0 (17.0) p < .033

2D:4D: second to fourth digit length ratio; BSL-23: WtH ratio: Waist-to-hip ratio.
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between the right hand 2D:4D ratio and risk-taking behaviour, 
but this was only a trend level (p = .06). As regards the left hand 
digit ratio, there was a significant correlation with the WtH ratio. 
In contrast, impulsivity and aggressiveness correlated highly with 
personality dimensions, and less so with risk-taking behaviour, in 
the expected directions (i.e. some correlations were negative). All 
relevant correlations are shown in Table 2.

Correlational analyses
We report non-parametric correlation coefficients, because ques-
tionnaires are interval scaled. However, the parametric correla-
tions were almost identical.
In essence, there were no correlations between 2D:4D ratios (left 
and right hand) with any one of the other measures (except that 
they correlated with one another). A weak correlation emerged 

2D:4D 
R

2D:4D 
L

WtH BSL-23 Neurot Extr Open Agree Consc Impulsivity Aggress. Risks

2D:4D R

2D:4D L .555**

WtH .128 .218*

BSL-23 .111 .141 .066

Neurot .069 .040 .095 .882**

Extr -.080 -.075 .088 -.589** -.685**

Open .013 -.004 -.262* -.223* -.143 .185

Agree -.118 -.120 -.259* -.677** -.712** .492** .320**

Consc -.064 -.122 -.064 -.601** -.680** .461** .173 .596**

Impulsivity .157 .045 .175 .785** .771** -.417** -.283** -.616** -.647**

Aggression .069 .078 .193† .821** .825** -.559** -.321** -.834** -.647** .717**

Risks .193† .116 .155 .137 .109 .106 -.162 -.203* -.209* .329** .207*

Table 2. Spearman non-parametric correlations of digit ratio (separate for left and right hand), borderline symptom severity, impulsivity, aggressiveness, and risk-taking behaviour 
(data of patients and controls pooled)

BSL-23: Borderline Symptom List; Neurot: Neuroticism; Extr: Extraversion; Open: Openness; 
Agree: Agreeableness; Consc: Conscientiousness; Risks: Sum of risk-taking behaviours accord-
ing to the Risk Scenario Questionnaire; L: left hand; R: right hand.
**Significant (p < .001)
*Significant (p < .05)
†Trend level (p = .06)
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Discussion
Borderline Personality Disorder (BPD) is a severe psychiatric 
condition that is, among other features, associated with height-
ened impulsivity and aggressiveness (including auto-aggression). 
Here, we sought to explore whether female patients diagnosed 
with BPD had physical signs of increased prenatal testosterone 
exposure. The ratio of the length of the index to ring finger 
(2D:4D) has been shown to be a reliable marker for prenatal tes-
tosterone exposure, emerging around the 14th gestational week, 
with high stability into adulthood (10). In addition, indirect 
measures of this ratio have produced reliable results, such that no 
X-ray examination is required (21).
Contrary to predictions, female patients with BPD did not differ 
from age and sex-matched controls in 2D:4D ratio bimanually. 
Moreover, in the entire sample, no correlations emerged between 
the 2D:4D ratio and any psychometric dimension, including 
personality traits, impulsivity, aggressiveness, except two weak 
correlations of the right 2D:4D ratio with risk-taking behaviour 
(approaching significance), and left 2D:4D ratio with waist to hip 
ratio. These findings are in partial accordance with previous work 
reporting similar correlations (8, 10), however, we were unable 
to replicate or corroborate findings indicating an association of 
2D:4D ratio with affective instability. In fact, in our study, there 
was no correlation of digit ratio with borderline symptom severity 
or neuroticism, even though the clinical group differed markedly 
from controls in virtually all psychometric dimensions, with some-
what weaker differences in risk-taking behaviour.

The present study has several limitations. One is that the sample 
size was moderate, even though similar compared to previous stud-
ies of similar design. Second, we exclusively examined female pa-
tients and control subjects, such that findings are not generalizable 
for both sexes. Third, we did not include a clinical control group.
In summary, to the best of our knowledge, this is the first study 
to report digit ratio findings in young females with clinically 
manifest BPD. Even though this study did not reveal any differ-
ences in digit ratio between patients and controls, matched for 
age and biological sex, one should consider the heterogeneity of 
the borderline phenotype. In fact, when applying DSM-5 crite-
ria, five out of nine criteria theoretically produce 126 different 
possible manifestations of the disorder. That said, it could well 
be that patients with BPD differ in terms of prenatal testosterone 
exposure from one another. Yet, identifying possible subgroups 
would require recruiting much larger samples. In addition, the 
lack of data for male subjects with BPD requires additional 
research. Future clinical studies may also want to include genetic 
variability, as research has shown significant interactions between 
certain polymorphisms, impulsivity and empathy with 2D:4D 
ratio (11, 22).

Acknowledgements
None.

Conflict of Interest Statement
The authors declare that they do not have a conflict of interest.

References
1. American Psychiatric Association. DSM-5. Diagnostic and 

Statistical Manual of Mental Disorders (5th ed.). Washington 
D.C, USA: American Psychiatric Association, 2013.

2. Bradley R, Conklin CZ, Westen D. Borderline personality 
disorder. In O’Donohue, W, Fowler K, Lilienfeld S (Eds.), 
Sage Handbook of Personality Disorders. Thousand Oaks, 
California: Sage, 2007, 167–202.

3. Brüne M. On the role of oxytocin in borderline personality 
disorder. Brit J Clin Psychol. 2015;55(3):287–304. 

4. Evardone M, Alexander GM, Morey LC. Hormones 
and Borderline Personality Features. Pers Individ Diff. 
2008;44(1):278–87. doi.: 10.1016/j.paid.2007.08.007

5. Dettenborn L, Kirschbaum C, Gao W, Spitzer C, Roepke S, 
Otte C, Wingenfeld, K. Increased hair testosterone but unal-
tered hair cortisol in female patients with borderline person-
ality disorder. Psychoneuroendocrinology. 2016;71:176–9. 
doi.: 10.1016/j.psyneuen.2016.05.026

6. Rausch J, Gäbel A, Nagy K, Kleindienst N, Herpertz SC, 
Bertsch K. Increased testosterone levels and cortisol awakening 
responses in patients with borderline personality disorder: gen-

der and trait aggressiveness matter. Psychoneuroendocrinology. 
2015;55:116–27. doi.: 10.1016/j.psyneuen.2015.02.002

7. George R. Human finger types. The Anatomical Record. 
1930;46(2). Version of Record online: 30 JAN 2005. doi: 
10.1002/ar.1090460210

8. Manning JT, Scutt D, Wilson J, Lewis-Jones DI. The ratio 
of 2nd to 4th digit length: a predictor of sperm numbers 
and concentrations of testosterone, luteinizing hormone 
and oestrogen. Hum Reprod. 1998;13(11):3000–4. doi: 
10.1093/humrep/13.11.3000

9. Hönekopp J, Watson S. Meta-analysis of digit ratio 2D:4D 
shows greater sex difference in the right hand. Am J Hum 
Biol. 2010;22(5):619–30. doi.: 10.1002/ajhb.21054

10. Fink B, Manning J, Neave N. Second to fourth digit ratio 
and the ‘big five’ personality factors. Pers Individ Diff. 
2004;37(3):495–503. doi.org/10.1016/j.paid.2003.09.018

11. Pearce E, Wlodarski R, Machin A, Dunbar RIM. As-
sociations between neurochemical receptor genes, 
2D:4D, impulsivity and relationship quality. Biol Lett. 
2018;14(12):20180642. doi: 10.1098/rsbl.2018.0642



Original Article

RAD 552. Medical Sciences 58-59 (2022) : 20-26                       www.rad-med.com 26 June 2022   -   Vol 552 = 58-59

12. Manning JT, Trivers R, Fink B. Is Digit Ratio (2D:4D) 
Related to masculinity and femininity? Evidence from the 
BBC internet study. Evol Psychol Sci. 2017;3(4):316–24. 
doi: 10.1007/s40806-017-0098-4

13. Atkinson BM, Smulders TV, Wallenberg JC. An endocrine 
basis for tomboy identity: the second-to-fourth digit ratio 
(2D:4D) in “tomboys”. Psychoneuroendocrinology. 2017; 
79:9–12. doi: 10.1016/j.psyneuen.2017.01.032

14. Lam D, Ozorio B. An exploratory study of the relation-
ship between digit ratio, illusion of control, and risk-taking 
behavior among chinese college students. J Gambl Stud. 
2015;31(4):1377–85. doi: 10.1007/s10899-014-9502-1

15. Margraf J. Mini-DIPS: Diagnostisches Kurz-Interview bei 
psychischen Störungen. Berlin, Heidelberg: Springer, 1994.

16. DeBruine LM. (2004). AutoMetric software for measure-
ment of 2D:4D ratios, from www.facelab.org/debruine/
Programs/autometric.php.

17. Costa PT, McCrae RR. Normal personality assessment in 
clinical practice: The NEO Personality Inventory. Psychol 
Assess. 1992;4(1):5–13.

18. Meule A, Vögele C, Kübler A. Psychometrische Evaluation 
der deutschen Barratt Impulsiveness Scale - Kurzversion 

(BIS-15) [Psychometric evaluation of the German Barratt 
Impulsiveness Scale - Short Version (BIS-15)]. Diagnostica 
2011;57:126–33.

19. Werner R, von Collani G. Deutscher Aggressionsfragebo-
gen. Zusammenstellung sozialwissenschaftlicher Items und 
Skalen (ZIS). Version: 1.0. ZIS - GESIS Leibniz Institut für 
Sozialwissenschaften. 2004. doi.org/10.6102/zis52

20. Rohrmann B. Risk Attitude Scales: Concepts and Question-
naires. Project Report. Department of Psychology, Univer-
sity of Melbourne, 2002. URTL: http://www.rohrmannre-
search.net/pdfs/rohrmann-ras-report.pdf

21. Kemper CJ, Schwerdtfeger A. Comparing indirect meth-
ods of digit ratio (2D:4D) measurement. Am J Hum Biol. 
2009;21(2):188–91. doi: 10.1002/ajhb.20843

22. Weisman O, Pelphrey KA, Leckman JF, Feldman R, Lu 
Y, Chong A, et al. The association between 2D:4D ratio 
and cognitive empathy is contingent on a common poly-
morphism in the oxytocinreceptor gene (OXTR rs53576). 
Psychoneuroendocrinology. 2015;58:23-32. doi.: 10.1016/j.
psyneuen.2015.04.007





Original Article

RAD 552. Medical Sciences 58-59 (2022) : 28-34                       www.rad-med.com 28 June 2022   -   Vol 552 = 58-59

Abstract
Introduction: Disease-modifying therapy (DMT) dramatically influenced the management of re-
lapsing-remitting multiple sclerosis (RRMS). Novel medicines have been developing constantly and 
therapeutic strategy has changed. We aimed to analyse the development of DMT for MS in Slovenia 
with a special emphasis on contemporary approaches to the patient management.
Materials and Methods: Prescriptions of all DMT in Slovenia from 2001-2021 were analysed as well as re-
ferrals to the Committee for MS DMT the Centre for MS in Ljubljana in the last three years (2019-2021).
Results: Altogether approximately 360 patients were on DMT in 2001 and 1839 in 2021. The total 
number of patients on injectable therapies decreased through time while the number of patients on 
oral therapies increased. Dimethyl fumarate is currently the most frequently used medicine with 505 
patients on the drug in 2021. The number of patients on potent medications increased from 28 (3%) 
in 2012 to 763 (41%) in 2021. Highly active medicines represented 52%, 62% and 69% of all DMT 
approvals in 2019, 2020 and 2021, respectively.
Conclusions: The number of treated MS patients has been increasing steadily in Slovenia as well as the 
number of patients on potent DMT which proves that neurologists follow the modern concept of MS 
treatment.

Keywords: multiple sclerosis, treatment, disease-modifying therapy

Sažetak:
Terapija multiple skleroze u Sloveniji koja modificira bolest: analiza 20 godina liječenja
Uvod: Terapija koja modificira bolest (TMB) dramatično je utjecala na liječenje relapsno-remitentne 
multiple skleroze (RRMS). Novi lijekovi se neprestano razvijaju i mijenja se terapijska strategija. Cilj 
nam je bio analizirati razvoj TMB-a za MS u Sloveniji s posebnim naglaskom na suvremene pristupe 
liječenju bolesnika.
Materijali i metode: Analizirani su recepti svih TMB-a u Sloveniji od 2001.-2021., kao i upućivanja 
Povjerenstvu za MS Centra za MS u Ljubljani u posljednje tri godine (2019.-2021.).
Rezultati: Ukupno je oko 360 pacijenata bilo na TMB-u 2001. i 1839 u 2021. Ukupan broj pacijenata 
na injekcijskim terapijama s vremenom se smanjivao, dok se broj pacijenata na oralnim terapijama 
povećavao. Dimetil fumarat je trenutno najčešće korišteni lijek s 505 pacijenata na lijeku u 2021. Broj 
pacijenata na snažnim lijekovima porastao je sa 28 (3%) u 2012. na 763 (41%) u 2021. Visokoaktivni 
lijekovi su predstavljali 52%, 62% i 69% svih TMB odobrenja u 2019., 2020. i 2021. godini.
Zaključci: Broj liječenih bolesnika s MS-om u Sloveniji stalno raste, kao i broj pacijenata na potent-
nom TMB-u, što dokazuje da neurolozi slijede suvremeni koncept liječenja MS-a.

Ključne riječi: multipla skleroza, liječenje, terapija koja modificira bolest
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In our study we aimed to analyse the development of DMT 
treatment for MS in Slovenia with a special emphasis on contem-
porary approaches to the patient management.

Methods
Prescribed DMT in Slovenia from 2001 to 2021 were extracted 
from the gross sales data (units of a DMT sold in one year) for 
the whole country. The number of patients on an individual 
DMT was afterwards extrapolated taking into account the regu-
lar treatment regime. For example, 13 issued packages (56 or 28 
tablets) of dimethyl fumarate or fingolimod corresponded to 1 
treated patient per year.
Contemporary MS treatment was determined by the analysis of 
2019, 2020 and 2021 referrals to the Committee for MS DMT 
at the MS Centre in Ljubljana. These include treatment naïve 
patients and switches from previous treatments due to various 
reasons (lack of efficacy, adverse events, tolerability, pregnan-
cy…). Individual patient was presented by a treating physician 
with a briefly written medical history together with the results 
of paraclinical investigations, EDSS score and MR images. The 
committee of two to three experts from the tertiary centre dis-
cussed the case and approved the treatment, suggested alternative 
medication or rejected the therapy.

Results
There was a steadily and marked increase of DMT from 2001 
to 2021 (Figure 1). Three hundred and sixty patients were on 
DMT in 2001 and 1839 patients in 2021. Patients were treated 
only with interferons beta and glatiramer acetate up to 2009 
with the first potent medication natalizumab added in 2010 and 
fingolimod in 2012. The use of injectables declined after 2013 
when 963 patients were on interferons beta or glatiramer acetate 
in comparison to 384 patients with this DMT in 2021 (Figure 
1). There was a rapid increase of the first-line oral treatment 
(teriflunomide and dimethyl fumarate) between 2015 and 2019, 
namely 192 and 670 patients were treated with one of these 
drugs in 2015 and 2019) and these numbers have plateaued in 
recent years (2020 and 2021) when 720 and 717 were on the 
first-line orals (Figure 1).
There was a rapid increase of the first-line oral treatment (teri-
flunomide and dimethyl fumarate) between 2015 and 2019, 
namely 192 and 670 patients were treated with one of these 
drugs in 2015 and 2019, respectively (Figure 1, Table 1), while 
a plateau was observed in recent years, when 717-720 patients 
were on first-line orals (2020-2021). Dimethyl fumarate is the 
most frequently prescribed medication in Slovenia with 505 
patients on the drug in 2021.
There was also an increase in the high-efficacy medication 
prescribing in Slovenia (Figure 2). In 2010 only 3% (28/842) 
of patients were on the second-line DMTs compared to 41% 
(763/1864) in 2021. 
Contemporary DMT treatment approach in Slovenia is shown 
in Figure 3. Interferon beta treatment was only exceptionally 

Introduction
The most important milestone in multiple sclerosis (MS) 
management was the positive outcome of a clinical study with 
interferon beta-1b which demonstrated improvement in clinical 
course of relapsing-remitting (RR) MS (1). The field of disease-
modifying therapy (DMT) for MS developed very fast after-
wards. Currently, more than 10 different drugs, from injectable 
medicines to monoclonal antibodies and oral preparations are 
available for RRMS (2). In addition, ocrelizumab, an anti-CD20 
monoclonal antibody is effective also in primary progressive (PP) 
MS and siponimod slows the progression of secondary progres-
sive (SP) MS (3,4). Different efficacy, safety and tolerability 
profile of these drugs are making the treatment of MS more and 
more challenging. However, the consequences of modern disease 
management are impressive (5). In the 90s, epidemiological 
studies showed a median time from the diagnosis of RRMS to 
SPMS was 9 years while in 15 years most of the patients required 
unilateral walking support (EDSS 6.0). According to contempo-
rary epidemiological studies only 10% of patients reach EDSS 6 
in 15 years of follow-up (6).
In addition the MS treatment paradigm has changed recently to-
wards more aggressive treatment after real-life studies showed better 
long-term outcome in comparison to the platform therapies (7,8).
One of the greatest obstacles for the world-widespread of MS 
treatment are costs of the individual’s therapy which may reach 
50.000 euros per year (9). Obviously, this can be an issue for low 
and medium-income countries.
Slovenia is a developed country with GDP of approximately 
22.000 € per resident. In the 2 million population around 3.000 
– 3.500 people have MS which corresponds to high prevalence 
of 150 patients per 100.000 people (10). There are three MS 
centres in Slovenia, the largest at the Department of Neurol-
ogy, UMC Ljubljana and two others in Maribor and Celje. 
Altogether 7 neurologists, 4 in Ljubljana, 2 in Maribor and 1 in 
Celje work mainly in the field of MS and in addition neurolo-
gists from other regional hospitals in Slovenia take care for some 
patients with the diagnosis.
All approved medications for MS are available for Slovenian 
patients. The first disease modifier that came to our patients was 
interferon beta-1b in 1995 and all other drugs followed regularly. 
The major milestones of the MS-treatment in Slovenia include 
introduction of natalizumab in 2010, fingolimod in 2012, the 
first-line oral drugs in 2014, ocrelizumab for PPMS in 2018 and 
siponimod for SPMS in 2020. In February 2022 ofatumumab, a 
fully human anti-CD20 monoclonal antibody was approved as a 
first-line agent for active RRMS.
Due to high costs of DMT neurologists are not allowed to freely 
prescribe medications to MS patients. From 1995 to 2011 DMT 
needed to be approved by a committee of three MS specialists at 
the National Health Insurance Institute and as from 2011, this 
approval is given by experts from MS Centres in Ljubljana and 
Maribor.
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Figure 1. DMTs in Slovenia from 2001-2021

Figure 2. Relative percentages of DMTs prescribed from 2001-2021
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approved to our patients with glatiramer acetate somewhat 
more often in the last three years. A mild decrease of the most 
frequently prescribed dimethyl fumarate is observed and at the 
same time an increase in the high-efficacy medication prescrib-
ing. High-efficacy medicines represented 52%, 62% and 69% of 
all DMT approvals for 2019, 2020 and 2021, respectively. In ad-
dition 31 patients with active SMPS started siponimod therapy 
for secondary progressive MS in 2021

Discussion
In our study we aimed to analyse the development of DMT for 
MS in the last 20 years with the special emphasis on contem-
porary treatment approaches. There is a steady increase in the 
number of treated patients in our country. Today more than half 
of our MS patients (over 1.800 patients) are treated with DMTs.
The number of patients on the injectables had been increasing 
until 2013 when nearly 1000 patients were treated with either 
interferon beta preparations or glatiramer acetate (Figure 1). 
From 2013 less injectables are prescribed every year. Interesting-
ly, there is a faster decline in the number of MS patients treated 
with interferon beta compared to those treated with glatiramer 
acetate. This is probably due to a more frequent injection site 
reactions and flu-like symptoms observed with interferon beta 
treatment along with the availability of a higher dose lower fre-
quency regimen of glatiramer acetate.
A major change in our treatment of MS occurred in 2014 with 
the availability of the first-line oral therapy. From Autumn 2014 
to Spring 2016 nearly 25% of our patients switched from the 
injectables to the orals (unpublished observation). Today, dime-
thyl fumarate is the most frequently prescribed DMT in Slovenia 
with more than 500 patients on the drug. There are differences 
between teriflunomide and dimethyl fumarate prescription 
in our country. A major analysis which included 255 patients 
treated with dimethyl fumarate and 135 patients on terifluno-
mide was performed for our third national MS meeting held 
in Maribor in 2016 (11). In this survey, patients treated with 
dimethyl fumarate had a median age of 36 years (range 19-60), 
median duration of the disease 4 years, mean annual relapse-rate 
(ARR) 0,7 and mean EDSS score 2,1 before the introduction of 
the drug. Approximately 50% of patients were switchers from 
the injectables. On the other hand, patients who started on terif-
lunomide were older (mean 47 years), had longer duration of the 
disease (10,8 ±7,1 years) and the majority of patients (76%) were 
not treatment naïve before teriflunomide. Their disease course 
was also less active with mean ARR 0,39 before the treatment 
(13). Our data therefore indicate that dimethyl fumarate is given 
in Slovenia as a first-line drug to young people with less active 
MS while teriflunomide is prescribed mainly for elderly patients 
who are often clinically stable on the injectables but suffer from 
intolerable side-effects. 

It is well known that patients with active disease need high-effi-
cacy DMT which usually have more severe side-effects. Slovenian 
neurologists are more and more aware of negative prognostic 
indicators of MS. Concurrently, the rapid introduction of novel 
drugs has resulted in an increasing number of second-line thera-
pies prescribed in our country. In 2013, for example, when only 
natalizumab and fingolimod were available, less than 10% of 
patients received second-line DMT (12). Today, more than 40% 
of patients are treated with high-efficacy DMTs (Figure 2). 
The second-line drug-prescribing is also very dynamic in Slove-
nia. Some of the second line-therapies, such as natalizumab or 
alemtuzumab, were given to fewer patients with RRMS whereas 
fingolimod or ocrelizumab have been more frequently prescribed. 
Treatment with natalizumab and fingolimod had been increasing 
up to 2016 and 2017 and plateaued afterwards. On the other 
hand, there is a steep increase in the number of patients treated 
with novel medications ocrelizumab and cladribine. The most 
plausible explanation for the observed trend in DMT prescrip-
tion are severe side-effects of potent agents, such as progressive 
multifocal leukoencephalopathy associated with natalizumab and 
increased risk for infections and autoimmunity on alemtuzumab 
therapy. In addition, a prolonged, demanding follow-up with 
monthly blood-withdrawals is required for patients on alemtu-
zumab. Fingolimod is a relatively old second-line drug which is 
generally prescribed in two situations in Slovenia: for patients 
with moderate clinical or radiological activity on injectables or 
first-line orals and for the JCV-positive patients treated with 
natalizumab. Relative decrease of fingolimod prescribing can be 
explained by a novel attractive and effective immune reconstitu-
tion therapy with relatively few severe side effects. Furthermore, 
the real-world data demonstrate better efficacy of anti-CD20 
agents after switching from natalizumab (13).
It is very important that patients on potent treatments who are 
at high risk of serious adverse events are monitored in specialized 
MS Centres as recommended by the EAN/ECTRIMS guidelines 
(5) and confirmed by our own experience with alemtuzumab 
(14). The drug was shown to be very effective in our cohort, but 
on the account of a substantial side-effect profile. Forty-three 
patients started with alemtuzumab from 2015 at the MS Centre 
in Ljubljana. Patients were young (31,2±7,6 years) with short 
disease course (2,7±2,6 years), but disabled (EDSS 3,0 ±1,4) 
with high relapse rate (1,6±0,8) before the medication. In 33% 
of patients alemtuzumab was given as a first-line medication, in 
46% as a second-line and in 21% as a third-line drug. Alem-
tuzumab was very effective, resulted in a marked reduction of 
ARR to 0,1 and a reduction of the EDSS score to median 2,6 
after 2 years. But there are ´no roses without thorns´. In 70% 
of patients at least some side effects were observed, 41% had 
infusion reactions, 32% infections and 25% thyroid disorders. 
In addition, one patient suffered from severe and therapeutically 
resistant thrombocytopenia and 1 had omentum infarction.
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Contemporary MS treatment in Slovenia was determined with 
analyses of 2019, 2020 and 2021 referrals to our Committee for 
MS DMT It shows that a wide variety of medications are given to 
our MS patients, including siponimod for active SPMS. Our data 
clearly demonstrate that MS physicians in Slovenia follow modern 
´hit early hit hard´ concept of MS treatment. Namely, nearly 70% 
of our last-year approvals were for the high-efficacy medications, 
preferably drugs from the immune reconstitution groups.
There are some limitations of our analyses. Prescribed and sold 
medication does not necessarily mean that the medication is taken 
by the patient (adherence). In addition, we need to be aware that 
some drugs are given continually but others such as cladribine and 
alemtuzumab only for a limited period of time which affects the 
estimation of the patients being treated with these DMTs. Despite 
of the mentioned limitations we believe that our analysis describe 
very well evolution of MS treatment in Slovenia.
In conclusion our analysis showed that approximately 55% of 
all MS patients in Slovenia receive DMTs which is high even 

for western European standards (15). Because of high costs of 
the DMTs we never had an option to freely prescribe different 
medications to our patients. However, the system with individual 
approvals from tertiary centre experts has its benefits. The system 
enables discussion of treatment-options for every individual and 
consequently the treatment can be (and was) approved also for 
patients with atypical presentations or progressive course or in 
the transitional phase when experts believe/d it is/was worth 
trying it. The treatment landscape has been changing constantly 
and rapidly along with novel DMT options. It is also important 
to acknowledge the increasing number of patients with potent 
second-line agents which indicates our physician´s awareness of 
importance of early high efficacy DMT when poor prognostic 
indicators are present. 
A further increase in DMT prescription is anticipated in the 
future. It is also expected that more and more carefully selected 
patients with progressive MS will receive a proper treatment.

 

Figure 3. Approved DMTs at the Centre for MS, Ljubljana in 2019, 2020 and 2021
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Abstract:
Intravenously introduced Calcitonin gene-related peptide (αCGRP) induces CGRP- induced headache 
(CGRP-IH) as well cerebral and systemic hemodynamic changes detectable with transcranial Dop-
pler sonography (TCD). Therefore, elevation of CGRP in the systemic blood can evoked headache 
in predisposed subjects, especially in migrainours. Thus, increase of CGRP during migraine episode 
might be source of nociceptive sensation. Following predictive coding and interoception, this could 
induce painful prediction error and updates the internal homeostatic model, inducing headache, and 
turn subject into no fit to purpose mode which leads to disability during migraine episode. The CGRP 
provocation might be used for discrimination of CGRP sensitive from insensitive migraine using TCD 
and predict CGRP antagonism effect in migraine treatment.

Keywords: Calcitonin gene-related peptide; headache, migaine, transcranial Doppler sonography

Sažetak:
Peptidi povezani s genom kalcitonina inducirali su promjene unutarnjeg homeostatskog 
tjelesnog modela - translacija iz TCD studija
Intravenozno uveden peptid povezan s genom kalcitonina (αCGRP) inducira CGRP-induciranu gla-
vobolju (CGRP-IH), kao i cerebralne i sistemske hemodinamske promjene koje se mogu otkriti tran-
skranijalnom Doppler sonografijom (TCD). Stoga, povišenje CGRP-a u sistemskoj krvi može izazvati 
glavobolju kod predisponiranih ispitanika, osobito kod migrena. Stoga povećanje CGRP-a tijekom 
epizode migrene može biti izvor nociceptivnog osjeta. Nakon prediktivnog kodiranja i interocepcije, 
to bi moglo izazvati bolnu pogrešku predviđanja i ažurirati interni homeostatski model, izazivajući gla-
vobolju i pretvoriti subjekta u način koji ne odgovara svrsi što dovodi do invaliditeta tijekom epizode 
migrene. CGRP provokacija se može koristiti za razlikovanje CGRP osjetljivog od neosjetljive migrene 
korištenjem TCD i predvidjeti učinak antagonizma CGRP u liječenju migrene.

Ključne riječi: peptid povezan s genom kalcitonina, glavobolja, migrena, transkranijalni Doppler 
sonografija
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regarding anti-CGRP monoclonal antibodies since they cannot 
pass blood-brain barrier. There is still uncertainly whether plasma 
concentration (anti-CGRP mAb) of CGRP is elevated in chronic 
and episodic migraine. Nevertheless, anti-CGRP mAb could 
produce its effects through it action as scavenger of CGRP in 
human blood. 

CGRP in human
CGRP is a neuropeptide composed of a sequence of 37 amino 
acids. It is formed in the nervous system in the process of 
alternative expression of mRNA for calcitonin. Two isoforms 
are known in humans: αCGRP, which is found in the peripheral 
and central nerves, and ßCGRP, which is found primarily in 
the enteric nervous system (2). CGRP is a potent vasodilator. It 
works by binding to the CGRP receptor, which consists of three 
components. CGRP and its receptor components are demon-
strated in myelinated and unmylated nerve fibers involved in 
pain transmission, the trigeminal ganglion, its satellite glial cells, 
and many other central (10,11,12) nervous system structures 
such as the cerebral cortex, thalamus, hypothalamus, cerebellum. 
The pharmacokinetics of exogenous CGRP was investigated 
in animal and human studies. It was found that CGRP phar-
macokinetics follows the first order with a plateau reached 
within one hour. The elimination of CGRP shows a two-phase, 
bi-exponential decay (13). The half-life was found to be for the 
first phase, 6.9 minutes, and for the second one, 26.4 minutes, 
which supports a modulatory role of CGRP. Indeed, CGRP 
level in human blood shows high individual variance and it is 
released by CGRP afferents, majority of which form C-fibers but 
a minor proportion also Aδ-fibers, have nociceptive functions 
and are usually co-expressing transient receptor potential (TRP) 
cation channels of the vanilloid 1 and ankyrin type (TRPV1 and 
TRPA1) (14). In peripheral blood, CGRP occurs in pico-gram 
levels. Thus, CGRP is permanently existing peptide in human 
circulation in might be increase in chronic migraine. 

Cerebrovascular reactivity to CGRP (CVR-
CGRP) 
CGRP is a potent vasodilator of intracranial arteries. Perivascular 
administered CGRP induces dose dependent dilatation of many 
cerebral arteries. In animal models, it induces vasodilation of 
middle cerebral artery (MCA), basilar artery, and cortical arter-
ies. (15,16). In vitro studies on the response of human intracra-
nial arteries to CGRP have shown that CGRP induces dose-
dependent vasodilation of human pial arteries (17).
Cerebrovascular reactivity to intravenously administer CGRP 
(CVR-CGRP) of anterior and posterior cerebral circulation 
CGRP has been elucidated. Vasodilation of the middle menin-
geal artery and the superficial temporal artery has been dem-
onstrated (18,19). The results of a small number of studies on 
CVR-CGRP of MCA were not consistent. In patients with aura 
free migraine and in migraine free subjects, intravenous infusion 

Introduction
Migraine is an important neurological disease, affecting more 
than 10% of the population and causing significant disability. In 
recent years, it has been found that Calcitonin gene-related pep-
tide (CGRP) is important for the development of migraine and 
CGRP antagonism can be used to treat and cope migraine. Sen-
sitization of trigeminal ganglia appears to be initial even which 
lead to the most disabling phase of migraine episode, headache. 
According to predictive coding and interoception theories, the 
nociceptive drive after sensitization of trigeminal ganglia is 
increased which lead to error detection in trigemino-cervical 
complex (TCC) and updating of internal body model which 
produce headache which switch to mode no fit to purpose. This 
cause transitory disability of migrainours. Thus, CGRP could 
play important role in formatting of internal body homeostatic 
model.

Migraine and CGRP
Migraine is a common, disabling, neurovascular disorder. In 
Europe, the prevalence of migraine is estimated at around 10%. 
It mainly affects the population between the ages of 20 and 
50. During a migraine episode, as many as 50% of patients are 
unable to work. Migraine therefore has a significant impact on 
work capacity as well as on the quality of life and as such repre-
sents a major socio-economic burden (1). Migraine is defined by 
clinically characteristic migraine attacks, among which there are 
asymptomatic periods of varying lengths. The central symptom 
of a migraine episode is a migraine headache, which is often uni-
lateral, moderate to severe, throbbing, and lasts from a few hours 
to a few days. Basically, migraine episode is clinical correlate of 
transient central sensitization of nervous system.
The pathophysiology of migraine has not been fully elucidated 
to date. The findings of clinical trials suggest that the neuropep-
tide CGRP plays an important role in the pathophysiology of 
migraine. It is involved in the mechanisms of onset, persistence 
and deepening of migraine headaches (2, 3). Elevated serum 
CGRP levels in the external jugular vein have been found to oc-
cur during a migraine attack (5,6). In addition, serum interictal 
CGRP levels are higher in patients with chronic migraine than in 
patients with episodic migraine (6). Migraine medications such 
as onabotualinumtoxin A and sumatriptan reduce serum CGRP 
levels. (7,8). The importance of newer anti-CGRP target drugs 
for both acute and preventive treatment of migraine also speaks 
in favor of the importance of CGRP. CGRP receptor antago-
nists have been shown to be effective in the treatment of acute 
migraine headaches. Monoclonal antibodies against CGRP and 
CGRP receptors have been shown to be effective in the preven-
tive treatment of episodic and chronic migraines. They signifi-
cantly reduce the number of headache days and the use of drugs 
to acutely relieve migraine headaches (9). Current data indicate 
that CGRP target is important in migraine although exact mech-
anism on its action is still unclear. There are still many questions 
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of CGRP induces vasodilation of MCA (19, 20). In contrast, the 
Asghar study did not confirm that CGRP induces vasodilation 
of MCA in healthy subjects (21). Recently, Visočnik et al. using 
Transcranial Doppler (TCD) (23) undoubtedly showed that 
αCGRP could induce vasodilatation of MCA probably via acti-
vation of TCC. In addition, they reported decrease of end-tidal 
carbon dioxide (Et-CO2) which might reflect a compensatory 
decrease in arterial partial pressure of carbon dioxide (pCO2), 
which underlies the normalization of cerebral blood flow during 
CGRP stimulation. In addition, the authors (23) found that an 
intravenous αCGRP infusion might induce vasodilatation not 
only MCA but posterior cerebral artery (PCA) as well. Further-
more, CGRP produces systemic effects with a significant decrease 
of mean arterial pressure (MAP) and increase of heart rate (HR). 
They explained Et-CO2 decrease as compensatory mechanism in 
preserving cerebral blood flow and intracranial pressure during 
CGRP stimulation. In patient with migraine CVR-CGRP is 
significantly enhanced and is associated with CGRP-induced 
headache (CGRP-IH) (22). This might indicate that patients 
with migraine are more prone to sensitization. Therefore, studies 
of CVR-CGRP suggest vasodilatatory effects of αCGRP in hu-
man blood on cerebral and systemic vessels. 

Methodology for CVR-CGRP
The investigation of CVR-CGRP in our laboratory (24) is 
conducted a quiet room under constant conditions. During the 
experiment, the participants are resting in a supine position. 
The experiment consists of a 10 min baseline period, a 20 min 
period during which an intravenous infusion of αCGRP 1.5mcg/
min (Calbiochem, Merck4 Biosciences, Darmstadt, Germany) 
is given and a 10 min period after the end of the application of 
αCGRP. The incidence of CGRP-IH is recorded during within 
1 hour of the experiment (immediate CGRP-induced headache) 
and within the next 12 hours after the experiment (delayed 
CGRP-induced headache). Visual analog scale is used to measure 
intensity of CGRP-IH.
TCD with 2 MHz ultrasound probes is applied to measure mean 
flow velocity (vm) in left MCA and right PCA through the tran-
stemporal acoustic windows. The signals of the MCA and PCA 
were defined according to the direction of the blood flow, typical 
depth of the signal and the response to compression. A mechani-
cal probe holder is used to ensure a constant probe position. 
During the entire experiment MAP and HR are continuously 
measured using non-invasive plethysmography (Colin 7000, 12 
Komaki-City, Japan). The Et-CO2 is measured by a ventilation 
mask and an infrared capnograph (Capnograph, Model 9004, 
Smith medical, USA) using the standard protocol. The capno-
graph is connected to a computer. Et-CO2 signals were recorded 
on the same time scale as other variables. 
TCD Multi-Dop X4 software (DWL, Sipplingen, Germany) is 
used to define mean values of vmMCA, vmPCA, MAP, HR and 

Et-CO2 during 5 min intervals: one interval during the baseline 
period (5-10 min of the experiment-measurement), two intervals 
during the αCGRP infusion (15-20 min and 25-30 min of the 
experiment) and one interval after the αCGRP infusion (35-40 
min of the experiment). The mean vm MCA is calculated for 
each 5-min interval using the following equation:
vm ═ ∫ vdt/ (t0 - t5).
The mean values of other variables (MAP, HR, and Et-CO2) 
are also calculated for the same time intervals as vmMCA and 
vmPCA using TCD software. We determine calculated responses 
to αCGRP as the differences between measuring points and 
responses are determined. 

CGRP induced headache (CGRP-IH)
Cerebral hemodynamics is supposed to associate with migraine 
headache. CGRP seems to be key signaling molecule in connect-
ing cerebral arteries with nervous system. The changes in pial 
cerebral arteries may be source of nociceptive signals to central 
nervous system. Although exact mechanism is elusive, it is well 
known that parenteral administration of CGRP induce CGRP-IH 
and even migraine like attacks in migraineurs (25). Latter study 
found (26) excellent response on erenumab in patients, in whom 
CGRP-IH with migraine futures has been evoked. Visočnik et al. 
established relationships between hemodynamic changes of arterial 
velocity changes in MCA, PCA and CGRP-IH (22). 
According to concept to distal and proximal segments in cerebral 
circulation (27), CGRP could dilate both proximal and distal 
segments of cerebral circulation and consequently lower overall 
cerebral arterial resistance. The response to increase cerebral blood 
flow in order to normalize cerebral blood flow could be mediated 
through lowering of pCO2 which acts on distal cerebral segment 
and increase cerebral resistance due to CGRP provocation (22). 
Therefore, decrease of vm MCA and vm PCA could be solely 
due to vasodilatation of MCA and PCA during normalization of 
cerebral blood flow after pCO2 lowering. This finding suggests 
CGRP causation of CGRP-IH probably due to direct effect on 
hemodynamics and consequent nociception related to it.

Interoception and internal body homeostatic 
model
According to the predictive coding concept, human form inter-
nal models of the homeostatic states through experiences. This 
represents priors under the principles of predictive coding and 
Bayesian inference. It is predicted that central nervous system 
builds internal homeostatic model though the process of learning 
which represents template for further incoming homeostatic 
information. Incoming sensory data from periphery are adjusted 
with prediction based on current internal homeostatic model in 
prediction error units at different levels of central nervous system 
(28). We believe that the lowest prediction error unit is repre-
sented by TCC. The higher level is located in modulatory pain 
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system, brainstem including periaqueductal gray (PAG) with de-
scending pathways to TCC. The highest level consists of cerebral 
cortex and other brain structures. Thus, central nervous system 
including brain, brain stem and spine represent material base for 
again and again changing internal homeostatic model. 
In described system, the sensory input is represented by trigemi-
nal afferents which contain CGRP. In addition, CGRP is located 
in peripheral as well in central nervous system. When αCGRP 
is delivered intravenously, the CGRP in the blood increases in 
accordance with pharmacokinetic principles. Thus, CGRP in 
systemic blood might represent nociceptive stimuli, which can 
induce nociceptive sensation, when the human central nervous 
system does not predict painful expectation. In TCC, the error 
unit of central nervous system, prediction error is detected and 
sent via ascending pathways to PAG and further to cerebral 

cortex. In this context, predictive error, carrying painful informa-
tion, updates the internal model in set the subject to not fit pur-
pose mode. In other words, increase CGRP in the systemic blood 
evokes CGRP-IH and disabled the subject. It seems, that similar 
situation occurs during migraine episode leading to disability. 

Conclusion
TCD studies of CVR-CGRP suggested that exogenous αCGRP 
induces vasodilatation of cerebral vessels. This could be induced 
directly through peripheral access or indirectly via sensitization 
of TCC. Nevertheless, the CGRP-IH can serve as clinical model 
of migraine episode. In addition, cerebral vascular response to 
αCGRP can be utilized to discriminate CGRP sensitive from 
insensitive migraine and other headaches. Therefore, we could 
predict efficiency of anti-CGRP therapy in migrainours.
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Abstract:
Introduction: Chronic kidney disease (CKD) is an independent risk factor for cardiovascular (CV) 
disease and premature deaths. The worldwide prevalence of CKD in 2017 in the general population is 
9.1%. In this paper our primary aim was to present preliminary data on incidental, i.e., newly discov-
ered CKD and the overall prevalence of CKD in the adult population in Croatia. Secondary aim was 
to compare these data with the data of the CKD prevalence of the adult population from the rural part 
of Croatia (results of the ENAH study).
Materials and Methods: This cross-sectional observational study included random, representative 
sample of general adults in Croatia, 781 subjects who were part of the large cohort from the EH-UH 2 
study. The eGFR was calculated by creatinine-based CKD EPI equation. Albuminuria was determined 
from the albumin to creatinine ratio in urine (ACR) in 691 subjects.
Results: The overall prevalence of CKD in Croatia was 12.7%, of which 9.5% were newly discovered 
CKD, and only 3.2% were subjects with previously known CKD. According to the albuminuria level, 
30.7% of the adult population belonged to the group with a moderate risk of CKD progression, and 
7% had a high risk, while 2.5% of the study subjects had a very high risk. Predictors for newly discov-
ered CKD are older age, higher urate and potassium, antihypertensive therapy, angina pectoris, atrial 
fibrillation, lower hemoglobin level. 
Conclusions: These results continue in a pilot project of the Croatian Kidney Society and the Croatian 
Hypertension League on the implementation of an action plan to detect new kidney disease in the 
general population in real life, in a collaboration of primary care physicians and nephrologists.

Keywords: Chronic Kidney Disease, CKD EPI equation, albuminuria, estimated glomerular filtra-
tion rate, EH-UH 2

Sažetak:
Prevalencija incidentne kronične bubrežne bolesti i karakteristike ispitanika - rezultati EH-UH 
2 i ENAH studija 
Uvod: Kronična bubrežna bolest (KBB) nezavisni je čimbenik rizika za kardiovaskularne (KV) bolesti 
i preranu smrt. Svjetska prevalencija KBB u 2017. godini u općoj populaciji iznosi 9,1%. U ovom 
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radu primarni nam je cilj bio prikazati preliminarne podatke o incidentnoj, odnosno novootkrivenoj 
KBB i ukupnoj prevalenciji KBB u odrasloj populaciji u Hrvatskoj. Sekundarni cilj bio je usporediti 
ove podatke s podacima o prevalenciji KBB odrasle populacije u ruralnom dijelu Hrvatske (rezultati 
ENAH studije).
Materijali i metode: Ova opservacijska presječna studija uključivala je slučajni, reprezentativni 
uzorak opće odrasle populacije u Hrvatskoj, 781 ispitanika koji su bili dio EH-UH 2 studije. eGFR 
je izračunat pomoću CKD EPI jednadžbe, albuminurija je određena na temelju omjera albumina i 
kreatinina u urinu (ACR) u 691 ispitanika.
Rezultati: Ukupna prevalencija KBB u Hrvatskoj iznosi 12,7%, od čega je 9,5% novootkrivena KBB, 
a samo 3,2% ispitanika od ranije zna za KBB. Prema razini albuminurije 30,7% odrasle populacije pri-
padalo je skupini s umjerenim rizikom od napredovanja KBB, a 7% je imalo visok rizik, dok je 2,5% 
ispitanika imalo vrlo visok rizik. Prediktori za novootkrivenu KBB su starija dob, više vrijednosti urata 
i kalija, antihipertenzivna terapija, angina pectoris, fibrilacija atrija, niža razina hemoglobina.
Zaključak: Ovi rezultati nastavljaju se u pilot projekt Hrvatskoga društva za bubreg i Hrvatske lige za 
hipertenziju o provođenju akcijskog plana za otkrivanje novonastale bubrežne bolesti u općoj popu-
laciji u stvarnom životu, suradnjom liječnika obiteljske medicine i nefrologa.

Ključne riječi: Kronična bubrežna bolest, CKD EPI jednadžba, albuminurija, procijenjena 
brzina glomerularne filtracije, EH-UH 2

Introduction
Chronic kidney disease (CKD) is an independent risk factor for 
cardiovascular (CV) disease and premature deaths (1,2,3). It has 
become a major global health, economic and financial burden 
with more than 2-3% of annual health-care budget spend in 
high-income countries on the management of the CKD (4,5). 
According to the Global Burden of Disease Study, in 2017 
around 1.2 million deaths worldwide were caused by CKD and 
that number is projected to rise to 2.2 million at best to as much 
as 4 million at worst by the year 2040 (5). As the leading cause 
of death in the period from year 1990 to 2017, CKD came from 
17th to 12th place, and it is predicted that by the year of 2040 it 
will be in 5th place (5). There is a significant difference in global 
prevalence among the genders, with a higher prevalence of CKD 
in women (11.8%) than men (10.4%), but men have shown 
to progress more rapidly to end-stage renal disease (ESRD) (5). 
According to the results of the latest epidemiological studies, the 
worldwide prevalence of CKD in 2017 in the general population 
is 9.1%, with an observed increase trend of 29.3% in the period 
of year 1990 to 2017 (5). This major increase in prevalence over 
time is explained by the increase in the prevalence of the most 
important risk factors leading to the development of CKD, and 
they are: arterial hypertension, diabetes, and obesity (1,2,5). 
CKD is associated not only with the risk of ESRD and the need 
for replacement therapy but is already an independent CV risk 
factor in the early stages. Studies have shown that only one in 
five patients with CKD experience the need for replacement 

therapy, while the rest die most often from CV or cerebrovascular 
deaths (6,7,8). A significant increase in the incidence of ESRD 
requiring haemodialysis and kidney transplant replacement 
therapy was observed (43.1% and 34.4%, respectively) between 
year 1990 and 2017 (5). Data on the prevalence of the CKD in 
the general population in Croatia have been insufficient, due to 
that, one of the goals of Epidemiology of arterial hypertension 
and salt intake in Croatia - The Croatian Science Foundation 
(EH-UH 2) study (IP-06-2016) is to determine the prevalence of 
CKD in Croatia (to determine the CKD stage according to the 
estimated glomerular filtration rate (eGFR) and albuminuria). In 
this paper our primary aim was to present preliminary data on 
incidental, i.e., newly discovered CKD and the overall prevalence 
of CKD in the adult population in Croatia. Secondary aim was 
to compare these data with the data of the CKD prevalence of 
the adult population from the rural part of Croatia (results of the 
ENAH study - Endemic Nephropathy in Croatia-epidemiology, 
diagnosis and etiopathogenesis study), and to compare these data 
with world data on CKD prevalence.

Materials and methods 
Patient data and methods
This cross-sectional observational study included random, repre-
sentative sample of general adults in Croatia, 781 subjects who 
were part of the large cohort from the EH-UH 2 study. Subjects 
were invited to participate and were examined on a door-to-door 
basis. Exclusion criteria were age under 18 age, terminal stage of 
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malignant disease, dementia, amputation, or immobilization of 
one limb, current acute illness, convalescence after operational 
intervention and unsigned consent.
Physicians and trained nurses collected the data through 
epidemiological questionnaires, medical history, and clinical 
examination. All study personnel were trained to collect survey 
and clinical information in a standardized manner. Participants 
completed an extensive questionnaire, provided a spot urine, 
fasting blood sample and 24-hour urine. Weight and height were 
measured, and the body mass index (BMI) was calculated. Ab-
dominal obesity was defined as waist circumference for males > 
102 cm and for females > 88 cm. Blood pressure (BP) was meas-

ured three times on the non-dominant arm by an Omron M6 
device as per ESH/ECS guidelines. Hypertension was defined as 
BP ≥140/90 mmHg and/or the use of antihypertensive drugs. 
Diabetes was defined as fasting blood glucose >7 mmol/L and/
or the use of antidiabetic drugs. CKD was defined as an eGFR 
<60 mL/min/1.73 m2; CKD stages were classified according to 
the Kidney Disease Improving Global Outcomes guidelines into 
5 stages. The eGFR was calculated by creatinine-based CKD 
EPI equation. Albuminuria was determined from the albumin 
to creatinine ratio in urine (ACR) in 691 subjects in whom we 
had a complete urine analysis finding. The CKD EPI equation is 
shown below:

CKD-EPI

Race and gender
Serum creatinine µmol/L 

(mg/dl)
Equation (ml/min/1.73 m2)

Caucasian 
women

≤62 (≤0.7) eGFR= 144 x (Scr/0.7)-0.329 x (0.993)Age

>62 (>0.7) eGFR= 144 x (Scr/0.7)-1.209 x (0.993)Age

Caucasian men
≤80 (≤0.9) eGFR= 141 x (Scr/0.9)-0.411 x (0.993)Age

>80 (>0.9) eGFR= 141 x (Scr/0.9)-1.209 x (0.993)Age

Statistical analysis 
Categorical variables were shown as percentages and continu-
ous variables as means with standard deviation for normally 
distributed variables or medians with interquartile range (25th 
and 75th percentiles) for non-normally distributed. Categorical 
variables were compared using chi-square or Fischer exact test. 
Continuous variables were compared using independent sample 
t-test, paired-samples t-test, or Mann-Whitney U-test, depending 
on the distribution. Statistical significance was set, and statistical 
analysis was performed at 0.05 using SPSS version 23.0 (IBM 
Corp., USA).

Results
PREVALENCE OD CKD ACCORDING TO THE CKD 
STAGE AND ALBUMINURIA – EH-UH 2 AND ENAH 
STUDY
The overall prevalence of CKD in Croatia was 12.7%, of which 
9.5% were newly discovered CKD, and only 3.2% were subjects 
with previously known CKD. Our results are in line with result 
from other studies. According to the latest data from the Nation-
al Health and Nutrition Survey, the prevalence of CKD in the 
U.S. is just under 15%, with a significantly higher increase in the 

prevalence of CKD in old population, i.e., subject older than 65 
years (38.1%) (9). There was a higher prevalence in women than 
men in the U.S. (14.3% vs. 12.4%) (9). Interestingly, even in 
the U.S. as many as 9 in 10 adults do not know they have CKD, 
and as many as 2 in 5 adults do not know they have advanced 
stage of CKD (10). In other large epidemiological studies, the 
prevalence of CKD was between 7.2% -13% (5,11). 
The prevalence of CKD in rural areas (results from the ENAH 
study) was slightly lower than in general population of Croatia 
(8.8%), but with a significant increase in the prevalence of CKD 
in subject older than 65 years, when it went up to 29.44% (12). 
There was also a trend of higher prevalence in women compared 
to men (9.9% vs. 7.2%) (12).
In our study when we considered not only eGFR category but 
also albuminuria and according to that, 30.7% of the adult 
population belonged to the group with a moderate risk of CKD 
progression, and 7% had a high risk, while 2.5% of the study 
subjects had a very high risk, Figure 1. One of the most im-
portant predictors of risk of CKD progression leading to renal 
failure, dialysis, increased CV risk, and premature mortality is 
elevated albuminuria. Through the division according to eGFR 
category and albuminuria status, patient risk can be more ac-
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curately defined as low, moderately increased, high, or very high 
risk of renal impairment and other complications, thus facilitat-
ing decision-making on patient monitoring and management. It 
should be also noted that patients without reduced eGFR, but 
with increased albuminuria are at higher risk of CV and renal 
incidents. Therefore, considering albuminuria has a significant 
advantage for early detection of such patients, proactive treat-
ment of their disease and planning health resources. Our results 
are consistent with the results from systematic review by Morton 
et al. who reported that the overall prevalence of CKD (stages 
G3–5) was 2–17% when they considered seven studies from 
the USA, China, and Italy (13). The prevalence was lower in 
China (2–3%) and Italy (3%) than in the U.S. (6–17%) (13). In 
individual studies (stages G2–5): the prevalence according to the 
stages of albuminuria was A1: 27.4–56.4%, A2: 2.9–10.0%, A3: 
0.4-3.2% (13). This systematic review of epidemiological stud-
ies on the prevalence of CKD also considered eGFR category 
and albuminuria status. This provides a very valuable different 
perspective from previous studies that classified the prevalence 
of CKD according to only the eGFR stage and thus does not 
identify patients or subjects at greatest risk of fatal and nonfatal 
outcomes and further progression of renal function. Our results 
from the EH-UH 2 study reveal that a significant portion of the 
general population in Croatia has CKD and is at moderate risk 
for progression of renal function, which is important in early 
detection of these patients and planning their further health care 
and risk reduction and improving quality of life and survival.

CHARACTERISTIC OF THE STUDY POPULATION – EH-
UH 2 
The characteristics of the study population are shown in Table 
1. Study included 682 subjects with normal kidney function 
(eGFR CKD EPI ≥60 mL/min/1.73 m2), 74 subjects with newly 
discovered CKD, and 25 subjects with CKD that was known be-
fore. The oldest subjects were those with newly discovered CKD, 
age 74.5 (67-80), and the youngest subjects with normal renal 
function, age 57.0 (46-66), p<0.001. Both subjects with newly 
discovered CKD and previously known were obese, body mass 
index (BMI) 30.17±4.79; 30.91±6.67, p=0.549. Body surface 
area (BSA) value of our population differs significantly than the 
recommended BSA value of 1.73 m2, to which most creatinine 
eGFR equations are adjusted. Our BSA values   were for normal 
renal function, newly discovered CKD, and previously known 
CKD, 1.93±0.24; 1.88±0.31; 2.02±0.25, p=0.058, respectively. 
Even 32.0% of subjects with previously known CKD were 
smokers. Uric acid and serum creatinine values   were highest in 
the group with newly discovered CKD, while albuminuria was 
highest in the group with previously known CKD. The highest 
prevalence of diabetes and arterial hypertension was in the group 
with newly discovered CKD, while the highest prevalence of 
myocardial infarction, angina pectoris and cerebrovascular stroke 

was in the group with previously known CKD, Table 2. Many 
CKD patients had a positive family history of arterial hyperten-
sion or one of the earlier mentioned diseases. In the group with 
newly discovered CKD, as many as 50% of subjects said that 
their parents suffered from arterial hypertension, and in about 
12% one of the parents died of sudden death before the age of 
55, Table 1.
We often ask ourselves what are the characteristics of a patient 
with undetected CKD who comes to the primary care office for 
examination. Our results show that it is the patient who most 
often suffers from arterial hypertension and / or diabetes, who is 
overweight, older, and more often female. Those are also the risk 
factors that Centers for Disease Control and Prevention state as 
the most important risk factors that we need to act on in better 
control and prevention of CKD (10).
Our results showed that the prevalence of CKD increases with 
older age. In our research group, the prevalence of CKD is 
growing rapidly between the 6th and 7th decades. These results 
are similar to the results of the ENAH study were there is also 
an increase of CKD prevalence between the 6th and 7th decades, 
in men 2.0% to 15.0% and in women 3.3% to 14.6%. Similar 
results are presented in a systematic analysis by Mills et al. but 
a decade earlier, in men 3.0% to 9.7% and in women 4.0% to 
13.1% (2).
Results from multinomial logistic regression are showed in Table 
3. Subjects with higher values of uric acid, potassium, older age, 
and angina pectoris were more likely to have newly discovered 
CKD than subjects with previously known CKD. Also, antihy-
pertensive therapy and higher body height were negative predic-
tors of previously known CKD compared to newly diagnosed 
CKD. On the other hand, hemoglobin and atrial fibrillation 
were negative predictors of normal renal function compared to 
the newly discovered CKD. Subjects with higher values   of uric 
acid, potassium, and the elderly were more likely to have newly 
discovered CKD than subjects with normal renal function.

Discussion
ACTION PLAN TO DETECT NEW KIDNEY DISEASE
Our results are consistent with data from other studies. The 
prevalence of CKD in Croatia is 12.7% with a high percentage 
of newly discovered CKD. The prevalence of CKD is high in the 
general and rural population, with a higher prevalence among 
women. Predictors for newly discovered CKD are older age, 
higher urate and potassium, antihypertensive therapy, angina 
pectoris, atrial fibrillation, lower hemoglobin level. 
The limitation of our study is that eGFR and albuminuria values   
were determined only once and we have no follow-up data after 
3 months, but this is the case with most large epidemiological 
studies. The advantages of this study are that a large number of 
subjects are involved, and these are the first such data in Croatia. 
The results of EH-UH 2 indicate the need for a national pro-
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gram for early detection of CKD. The CKD should be a central 
part of future public health planning and patients at risk of CKD 
should receive special care in primary care practices. Diabetes 
and high blood pressure are the more common causes of CKD 
in adults and managing blood sugar and blood pressure can help 
keep kidneys healthy.
These results continue in a pilot project of the Croatian Kidney 
Society and the Croatian Hypertension League on the imple-
mentation of an action plan to detect new kidney disease in the 
general population in real life, in a collaboration of primary care 
physicians and nephrologists.
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Table 1. Demographic and clinical characteristics of study population

Normal kidney 
function
N=682

Newly discovered CKD
N=74

CKD known before
N=25

P value

Gender, % (N)
- Men
- Women

34.5 (235)
65.5 (447)

32.4 (24)
67.6 (50)

48.0 (12)
52.0 (13) 0.247

Age, year 57.0 (46.0-66.0) 74.5 (67-80) 63.0 (55-70) <0.001
BMI, kg/m2 28.95 ± 5.60 30.17 ± 4.79 30.91 ± 6.67 0.549
BMI category, % (N)

- <25 kg/m2

- 25-30 kg/m2

- >=30 kg/m2

27.9 (190)
34.6 (236)
37.5 (256)

13.9 (10)
38.9 (28)
47.2 (34)

12.0 (3)
40.0 (10)
48.0 (12)

0.972

BSA Mosteller, m2 1.93 ± 0.24 1.88 ± 0.31 2.02 ± 0.25 0.058
Systolic blood pressure, mmHg 133.66 ± 17.65 140.05 ± 24.57 143.15 ± 20.85 0.574
Diastolic blood pressure mmHg 83.13 ± 9.86 80.69 ± 12.86 82.35 ± 10.05 0.559

Smoking status, % (N)
- Never
- Ex
- Current smoker

56.2 (383)
17.0 (116)
26.8 (183)

73.0 (54)
18.9 (14)
8.1 (6)

40.0 (10)
28.0 (7)
32.0 (8)

0.003

Haemoglobin, g/L 141.0 (133.0-151.0) 137.00 (126.0-147.0) 145.00 (130.8-157.3) 0.065
Glucose, mmol/L 4.70 (4.3-5.3) 5.40 (4.9-6.7) 5.30 (4.6-6.2) 0.560
Urate, umol/L 277.0 (231.0-336.3) 361.5 (310.0-421.0) 290.0 (269.3-370.0) 0.012
Cholesterol, mmol/L 5.20 (4.5-6.0) 4.80 (4.1-5.6) 5.0 (3.9-6.1) 0.899
Triglyceride, mmol/L 1.21 (0.9-1.7) 1.57 (1.0-2.1) 1.34 (0.97-1.68) 0.641
HDL-cholesterol, mmol/L 1.41 (1.2-1.7) 1.41 (1.1-1.6) 1.25 (1.13-1.77) 0.742
LDL-cholesterol, mmol/L 3.11 (2.4-3.9) 2.55 (2.0-3.3) 2.65 (1.88-3.83) 0.711
Potassium, mmol/L 4.50 (4.3-4.8) 4.70 (4.3-5.0) 4.40 (4.1-4.9) 0.082
Sodium, mmol/L 141.00 (140.0-143.0) 141.50 (140.0-143.0) 141.0 (140.0-142.0) 0.689
Calcium - total, mmol/L 2.37 (2.3-2.4) 2.38 (2.3-2.5) 2.40 (2.23-2.43) 0.169
Phosphates, mmol/L 1.06 (0.9-1.2) 1.06 (0.9-1.1) 1.08 (0.99-1.16) 0.573
Creatinine, umol/L 69.0 (62.0-80.0) 103.50 (89.0-118.0) 82.0 (63.7-99.3) 0.011
ACR, mg/g 17.35 (7.54-38.99) 30.57 (13.2-80.8) 49.76 (13.5-94.1) 0.021
Arterial hypertension, % (N)

- Mother
- Father

52.5 (358)
36.1 (246)

39.2 (29)
16.2 (12)

40.0 (10)
24.0 (6)

0.191
0.070

Death of a parent before the age 
of 55, % (N)

- Mother
- Father

4.4 (30)
4.4 (30)

8.1 (6)
4.1 (3)

16.0 (4)
12.0 (3)

0.014
0.049

BMI – body mass index, BSA – body surface area, ACR – urine albumin to creatinine ratio
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Table 2. Prevalence of diseases

Normal kidney function
N=682

Newly discovered CKD
N=74

CKD known before
N=25

P value

Arterial hypertension, % (N) 49.9 (338) 89.2 (66) 80.0 (20) 0.309

Angina pectoris, % (N) 3.7 (25) 9.5 (7) 24.0 (6) 0.149

CVI ischemic, % (N) 2.1 (14) 5.4 (4) 12.0 (3) 0.520

CVI haemorrhagic, % (N) 0.4 (3) 1.4 (1) 4.0 (1) 0.987

TIA, % (N) 1.5 (10) 6.8 (5) 4.0 (1) 0.976

Atrial fibrillation, % (N) 2.2 (15) 13.5 (10) 12.0 (3) 0.900

Myocardial infarction, % (N) 1.9 (13) 2.7 (2) 12.0 (3) 0.197

Heart failure, % (N) 0.6 (4) 4.1 (3) 8.0 (2) 0.813

Diabetes, % (N) 11.2 (76) 33.8 (25) 32.0 (8) 0.968

CVI - cerebrovascular insult, TIA - transient ischemic attack

Table 3. Multinomial logistic regression

Reference category - newly 
discovered CKD OR 95% CI P value

Known CKD

Uric acid, umol/L 0.988 0.98-0.99 0.002

Potassium, mmol/L 0.242 0.06-0.91 0.036

Age, year 0.093 0.87-0.98 0.011

Height, cm 1.087 1.02-1.17 0.017

Angina pectoris 0.126 0.02-0.83 0.031

Antihypertensive therapy 6.613 1.25-34.99 0.026

Normal kidney function

Hemoglobin, g/L 1.031 1.01-1.06 0.034

Uric acid, umol/L 0.985 0.98-0.99 <0.001

Potassium, mmol/L 0.453 0.21-0.97 0.042

Age, year 0.905 0.87-0.94 <0.001

Atrial fibrillation 4.072 1.56-14.30 0.028
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EH-UH 2

N=691

A1

ACR <30 mg/g

% (N)

A2

ACR 30-300 mg/g

% (N)

A3

ACR >300 mg/g

% (N)

G1 33.6 (232) 13.5 (93) 1.4 (10)

G2 26.0 (180) 13.3 (92) 1.6 (11)

G3a 3.9 (27) 3.3 (23) 0.9 (6)

G3b 0.7 (5) 0.7 (5) 0.1 (1)

G4 0 0.1 (1) 0.6 (4)

G5 0 0.1 (1) 0

Figure 1. Prognosis of CKD by GFR and albuminuria categories. 

Green, low risk of disease progression; yellow, moderately increased risk of disease progression; orange, high risk of disease progression; red, 
very high risk of disease progression. CKD chronic kidney disease, GFR - glomerular filtration rate, ACR - albumin-to-creatinine ratio

           

Figure 2. CKD prevalence according to decades
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Abstract:
INTRODUCTION: Poor adherence is the main reason for inadequate blood pressure control. 
Pharmacists are highly accessible healthcare professionals, and it has been reported that community 
pharmacist-led interventions improved patients’ blood pressure control and health outcomes. Some au-
thors reported on beneficial effects of mobile applications (MA) on better drug adherence. The aim of 
this study was to identify subjects in general population who are likely to participate in such interven-
tions. 
METHODS: A total of 1228 (479 men, average age of 57.6 years, 748 women, average age of 57.2 
years) participants enrolled in the EHUH 2 study (a random sample, nation-wide survey) and 424 
participants (196 men, average age of 58.8 years, and 212 women, average age of 54.6 years) of the 
Hunt on the Silent Killer (HSK) (opportunistic screening on islands) were included in these analyses. 
The same questionnaire was applied containing questions about health issues, therapy, habits and opin-
ion on pharmacists’ and MA role in hypertension treatment. 
RESULTS: Men of both projects had significantly higher systolic and diastolic blood pressure, BMI 
and waist circumference. In EH-UH 2 significantly more women had arterial hypertension and 
dyslipidemia,and more men suffered myocardial infarction. More HSK participants were in favour 
of pharmacists having a role in hypertension treatment (137 vs 34) than EH-UH 2 participants, and 
within EH-UH 2 there were statistically more negative answers, with women in majority (χ² = 4.74, 
p = 0.029). The results of the EH-UH 2 pointed out a significant more negative attitude towards MA 
(403 vs. 823, p < 0.001) with hypertensive participants being the majority against the mobile applica-
tions (60.5%, χ² = 47.6, p < 0.001).
Education was the most common answer for the role of the pharmacists in hypertension treatment 
(22.8%). Smartphone ownership was higher in younger age groups in both projects, with a significant 
difference between the age groups.
CONCLUSION: Pharmacists-led interventions (lifestyle support and adherence increasing programs) 
have to be individualized. This research showed the need to individualize the hypertension treatment 
approach to the different areas of Croatia, with less accessible area participants expressing the need for 
additional interventions in hypertension management.

Keywords: mobile applications, hypertension, adherence

Sažetak:
Uloga ljekarnika i pametnih telefona u liječenju hipertenzije
UVOD: Loša adherencija glavni je razlog za neadekvatnu kontrolu krvnog tlaka. Ljekarnici su vrlo 
dostupni zdravstveni djelatnici, a istraživanja su pokazala da su intervencije ljekarnika poboljšale 
kontrolu krvnog tlaka i zdravstvene ishode u zajednicama. Neki autori ukazali su na pozitivan učinak 
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mobilnih aplikacija (MA) na bolju adherenciju. Cilj ovog istraživanja bio je identificirati pojedince koji 
bi htjeli sudjelovati u ovakvim intervencijama.
METODE: Ukupno 1228 (479 muškaraca, prosječne dobi 57.6 god, 748 žena, prosječne dobi 57.2 
god) ispitanika uključenih u EH-UH 2 projekt (randomizirani uzorak Hrvatske) i 424 ispitanika 
(196 muškaraca, prosječne dobi 58.8 god i 212 žena, prosječne dobi 54.6 god) Lova na tihog ubo-
jicu (oportunistički screening na otocima) uključeno je u ovu analizu. U oba istraživanja korišten je 
isti upitnik koji je sadržavao pitanja o zdravstvenom stanju. terapiji, navikama i mišljenju o ulogama 
ljekarnika i MA u liječenju hipertenzije.
REZULTATI: Muškarci oba projekta imali su značajno viši sistolički i dijastolički talk, BMI i opseg 
struka. Žene su značajno češće imale hipertenziju i dislipidemiju, dok su muškarci češće imali in-
farkt miokarda u EH-UH 2 projektu. Više ispitanika Lova nego EH-UH 2 projekta bilo je za ulogu 
ljekarnika u liječenju hipertenzije (137 vs 34), a unutar EH-UH 2 projekta bilo je statistički više 
negativnih odgovora, od kojih je većina bila u skupini žena (χ² = 4.74, p = 0.029). Rezultati EH-UH 2 
pokazali su značajno negativniji stav prema MA (403 vs. 823, p < 0.001), većinom kod hipertoničara 
(60.5%, χ² = 47.6, p < 0.001). Edukacija je bila najčešći odgovor kod pitanja koja se uloga ljekarnika 
očekuje u liječenju hipertenzije (22.8%). Posjedovanje pametnih telefona bilo je značajno češće u 
mlađim dobnim skupinama oba projekta sa značajnom razlikom među dobnim skupinama.
ZAKLJUČAK: Intervencije ljekarnika (podrška životnom stilu i programi podizanja adherencije) moraju 
biti individualizirni. Ovo istraživanje pokazalo je potrebu da se pristup liječenju hipertenzije individual-
izira prema različitim područjima Hrvatske, ukazujući također na to da stanovnici područja koja imaju 
manje dostupnu skrb izražavaju potrebu za dodatnim intervencijama u liječenju hipertenzije.

Ključne riječi: mobilne aplikacije, hipertenzija, adherencija

Introduction
1. EPIDEMIOLOGY AND GLOBAL BURDEN OF 
HYPERTENSION 
Hypertension is one of the leading contributors to cardiovascular 
diseases (CVD). Because of its major role in the global burden of 
diseases, it is considered as one of the greatest public health prob-
lems in the world (1). According to the World Health Organiza-
tion (WHO), CVD accounts for one-third of all deaths world-
wide, with an estimated 17.9 million people dying in 2019. At 
the European level, they are responsible for 4.1 million deaths 
per year, which represents 43% of all deaths. Unfortunately, 
Croatia is also not behind the dark world statistics. According to 
the Croatian Yearbook of Health Statistics, CVD were the cause 
of 40% of deaths, and a total of 22,817 people died in 2020.
The prevalence of hypertension shows an increasing trend in 
most countries of the world (2). According to WHO, an esti-
mated 1.4 billion people in the world suffer from hypertension, 
meaning that the global prevalence of hypertension is about 
31%. Although hypertension is associated with reversible risk 
factors and effective treatment is available, research shows that it 
is poorly controlled in the general population. The devastating 
fact is that only 14% of patients have satisfying regulation of ar-
terial hypertension (3). One of the problems is that hypertension 
is a silent, insidious disease, often asymptomatic for years – and 
is therefore known “the silent killer”. 

Hypertension is also a major economic burden on health care 
systems. Notwithstanding the global health care savings from 
effective treatment of hypertension alone are estimated at $100 
billion per year according to the World Heart Federation, too 
little priority continues to be given to investment in the manage-
ment and prevention of hypertension. 
Since the management and treatment of hypertension occur 
primarily in primary care, it is important to provide enough 
healthcare professionals capable to cope with this problem.
In 2021, the Croatian Medical Chamber declared that they have 
identified a shortage of 207 primary care physicians in Croatia.

2. MEDICATION ADHERENCE
The long-term use of pharmacotherapy for chronic diseases is an 
ongoing challenge. The efficacy of these medications often does 
not meet the expected level, as approximately 50% of patients 
do not adhere to the prescribed therapy (4). The known factors 
contributing to poor adherence to therapy are the patient-physi-
cian relationship and the patient’s health status. Patients’ medical 
illiteracy and denial of their condition are often the barriers to 
adequate treatment, but physicians’ lack of time and willingness 
to explain the mechanism of action and benefits of medications 
also promote poor adherence. Interventions that can improve 
adherence fall into the following categories: patient education, 
improving patient-physician communication, making physicians 
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more accessible to patients, and improving dosing schedules 
(5). Poor adherence and the rapid digitalization of everyday life 
have raised awareness of potential new ways to prevent poor 
adherence. The aim is to reduce the burden on primary care and 
increase patient independence – by involving pharmacists and 
smartphone technology in the chronic disease management. 

3. PHARMACISTS’ AND MOBILE APPLICATIONS’ ROLE
Pharmacists develop expertise in medications with an emphasis 
on safe prescribing and dispensing and are able to share the bur-
den of hypertension with physicians (6). Collaboration between 
physicians, pharmacists, and patients should be established to 
treat hypertension well. Pharmacists have insight into each pa-
tient’s medication record and educate patients about medication 
use. The advantage of the pharmacists’ role is also that they are 
easily accessible as health care professionals and the pharmaco-
logical knowledge they can provide is important for both patients 
and physicians (7,8). In the literature, common pharmacist in-
terventions have included education about medications and life-
style, feedback to physicians, and medication management (8). 
In their meta-analysis Santschi et al. reported that pharmacist in-
terventions resulted in greater reductions in systolic and diastolic 
blood pressure, triglycerides, and LDL cholesterol in participants 
than in those who did not have pharmacist-led hypertension 
management (8). Pharmacists frequently identify problems with 
drug therapy. Hirsch and al. reported that about half of patients 
required a dose increase and/or additional therapy (9). Potential 
side effects and drug interactions could be identified and avoided 
more frequently by pharmacists rather than physicians. 
Telemedicine is another health care strategy, cost-effective and 
always available, but only to those familiar with the technology. 
The increasing use of mobile applications worldwide has proven 
to be a convenient way to deliver healthcare services to patients. 
The mobile applications could provide daily, weekly, monthly 
and any period data to the physicians, and 24-hour monitoring 
could offer a tremendous potential to improve the patient adher-
ence and health. Mobile applications should also remind and 
encourage patients to take the initiative for their health. Along 
these lines, some authors have reported the benefits of using 
mobile applications for treatment adherence (10)therefore, they 
have the potential benefits of lowering blood pressure. Despite 
this, there is currently a lack of evidence for their effectiveness, 
usability, and patient satisfaction with their use. Objective: A 
systematic review was conducted to assess the effectiveness of 
apps in lowering blood pressure, as well as their usability and 
patients’ satisfaction with their use. Methods: We conducted 
searches in the following databases: MEDLINE (OVID. Specifi-
cally, on the benefits in hypertension management, Indraratna 
and al. conducted a meta-analysis that included all relevant 
randomised control trials featuring smartphone technology from 
2000 to 2019 (11). They reported significantly lower systolic BP 

and fewer hospitalisations in patients exposed to mobile phone 
interventions.

4. THE HUNT ON THE SILENT KILLER AND EHUH-2 
PROJECTS
Despite the fact that hypertension is widespread, there have 
been no consistent data on the prevalence, awareness, treatment, 
and control of hypertension in our population. To change this, 
a cross-sectional study entitled The Epidemiology of Arterial 
Hypertension in Croatia, part one (EH-UH 1) was conducted 
in the early 2000s. The aim of this study was to collect data for 
the entire territory of the Republic of Croatia. The study lasted 
two years and analysed, among other things, the so-called new 
indicators of cardiovascular risk - isolated systolic hypertension, 
heart rate, pulse pressure. In addition, therapeutic response was 
monitored in individual subgroups, taking into account the ap-
plied therapy. 
After the end of the EH-UH 1 project, no similar studies were 
performed. This was an incentive to use the same methodology 
to organise EH-UH 2 research, which finally started in 2018. 
The main objectives of this follow-up project were to determine 
the new prevalence, awareness, treatment and control of arterial 
hypertension (current status and comparison with EH-UH 1), to 
determine salt intake (potassium, iodine) and to determine the 
prevalence of chronic kidney disease in Croatia, including the 
stages of the disease. 
On the other hand, in order to monitor the epidemiology of 
hypertension in less accessible areas, the public health campaign 
“The Hunt for the Silent Killer” (HSK) began in the summer of 
2021. The primary mission of HSK was to familiarise the target 
population with the concept of arterial hypertension and the risk 
factors that lead to it. The action so far was based on the inhabit-
ants of the islands of Vis, Korčula, Hvar and Brač, as it was 
assumed that the island population had different lifestyle habits 
and less availability of secondary and tertiary health care facili-
ties. Participants were recruited by volunteering to participate in 
the project, which took place on a boat in different locations on 
the mentioned islands.

Materials and methods
This study included 424 participants of the HSK, including 
196 men, 212 women and 16 participants of unknown sex, and 
1228 participants of the EH-UH 2 project, including 479 men, 
748 women and 1 participant of unknown sex. The participants 
of the HSK were recruited within the framework of “street-
epidemiology” – that is, the participants were recruited when 
they voluntarily entered the project, which took place in several 
places of the Croatian islands (Vis, Vela luka, Korčula, Stari grad, 
Jelsa and Pučišća). The EH-UH 2 sample was randomized from 
general practices in several towns across Croatia. Each partici-
pant received a structured questionnaire with questions about 
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their health problems, therapy, habits, and opinions about the 
role of pharmacists and smartphone technology in treatment of 
hypertension. 
Each participant’s weight, height, and waist circumference were 
also noted, and body mass index (BMI) was calculated. A BMI 
25-30 kg/m2 was considered overweight, and a BMI over 30 kg/
m2 was considered obese. An increased waist circumference was 
above 88 cm in women and above 102 cm in men.

Statistical analysis
The distribution of variables was analysed using the Shapiro-
Wilk test. Continuous variables were presented as mean and 
standard deviation. Differences in quantities between groups 
were analysed with the Mann-Whitney test for parametric and 
Kruskal-Wallis test for nonparametric variables. The Chi-square 
and binomial test were used to analyse differences in categorical 
variables between groups. Values of P less than 0.05 were consid-
ered statistically significant. The programme used for statistical 
analysis was JAMOVI, vers. 2.2.5.

Results
A total of 1652 participants were included, 424 participants of 
The HSK project, including 196 men with an average age of 
58.8 years and 212 women with an average age of 54.6 years, 
and 1228 participants of the EH-UH 2 project, including 479 
men with an average age of 57.6 years and 748 women with an 
average age of 57.2 years. Table 1 shows the general information 
and differences between the participants of the HSK and EH-
UH 2 project. 
Table 2 shows clinical information regarding to the sex of the 
participants of the HSK, and Table 3 of the participants of the 
EH-UH 2 project. Both tables highlight the significantly higher 
systolic and diastolic blood pressure, BMI and waist circumfer-
ence in men in both projects.
Personal history of hypertension, kidney disease and cardiovascu-
lar diseases did not differ between the genders among HSK par-
ticipants, but did among participants in the EH-UH 2 project. 
In the EH-UH 2 project significantly more women had arterial 
hypertension (400 vs. 247, p < 0.001) and dyslipidemia (201 
vs. 99, p < 0.001) than men, and men were more likely to have 
personal history of myocardial infarction (24 vs. 9, p = 0.014). 
When asked, participants in the HSK project were more likely 
to believe that pharmacists should play a greater role in treating 
hypertension than those in the EH-UH 2 project (137 vs 34). 
However, within the projects, the difference between positive 
and negative answers was statistically significant in the EH-UH 2 
project (yes: 34 vs. no: 82, p < 0.001), and women were gener-
ally less supportive of pharmacists playing a role in AH treatment 
(women: yes - 19 vs. no - 47, men: yes – 15 vs. no – 35, χ² = 
4.74, p = 0.029). Table 4 shows responses by gender and hyper-
tension diagnosis to the questions “Should pharmacists play a 

role in hypertension treatment?” and ‘’ Could mobile applica-
tions be useful in the hypertension treatment?’’ in the HSK and 
EH-UH 2 project. 
Positive attitudes toward the benefits of mobile applications 
in the treatment of hypertension were enhanced in the HSK 
(Table 4) (yes; 269 vs. No; 109, p < 0.001), with normotensive 
participants being the majority of mobile applications advocates 
(65.8% of positive responses, χ² = 11.0, p < 0.001).
On the other hand, the results of the EH-UH 2 (Table 4) project 
pointed out a significant negative attitude towards mobile ap-
plications (yes; 403 vs. no; 823, p < 0.001) with hypertensive 
participants being the majority against the mobile applications 
(60.5% of negative responses, χ² = 47.6, p < 0.001).
When asked about their opinion of what the role of pharmacists 
should include in the treatment of AH, the majority of HSK 
participants responded with education (22.8%) (Figure 1). 
Participants in EH-UH 2 were also asked if they had ever meas-
ured blood pressure at a pharmacy (Figure 2).
Smartphone ownership (Table 5) was higher in younger age groups 
in both projects, with a significant difference between the groups 
(HSK; χ²= 67.8, p < 0.001, EH-UH 2; χ² = 377, p < 0.001).

Discussion
The global and Croatian burden of cardiovascular disease, for 
which arterial hypertension is the main risk factor, has over-
whelmed the healthcare system at all levels. The estimated disa-
bility-adjusted life years (DALYs) for CVD in Croatia in 2019 
(12) totaled 346.7, with 181.6 for men and 165.1 for women. 
To be successful, treatment of hypertension should achieve com-
mon goals in the areas of prevention, screening, diagnosis, and 
management of hypertension. Many well-known strategies are 
used in the treatment of hypertension. During the pandemic, the 
constant lack of time in health care has unsurprisingly increased. 
Patient education could be provided in the primary care physi-
cian’s office, but not all physicians have time and not all patients 
are willing to follow the therapeutic protocol. In the age of 
digitalization, all the information patients are looking for can be 
found on the Internet. The problem, of course, is that medical 
laypeople cannot always distinguish false from true statements. 
Treatment of arterial hypertension has also been improved to 
meet the needs of patients, but why is it not working? Dosing 
regimens often complicate treatment adherence, especially for 
those who take numerous different tablets daily. The solution to 
this problem is offered by pharmaceutical companies, which tend 
to combine different active ingredients in a single pill.
Statistical data from the Croatian Institute of Public Health for 
2020 show that the number of general practitioners is 2327 and 
the number of pharmacists is 3029. Since the Croatian Medical 
Chamber indicates a shortage of general practitioners of 207 for 
2020, these figures suggest that pharmacists are more available to 
the population than general practitioners.
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The idea of involving pharmacists in the management of AH 
was equally accepted or not accepted by both genders in the 
HSK, while EHUH 2 participants were generally not in favour 
(82 vs. 34, p < 0.001 ), with females predominating (women: 
47 (57.3%) vs. men: 35 (42.7%)). The fact that HSK partici-
pants represent the population that has less access to medical 
care might have an impact on the increased tendency to use 
pharmacists’ help in AH management. On the other hand, when 
opinions were divided into groups according to the diagnosis 
of hypertension, it appeared that HSK participants who had 
hypertension were more supportive of the role of pharmacists. 
This is consistent with the lack of medical care on the Croatian 
islands. Both in the literature and in the HSK, the educational 
role of pharmacists is expected, which is consistent with the fact 
that one of the main reasons for poor adherence is the medical 
illiteracy of patients (8).
On the other hand, smartphones and tablets, including mobile 
applications, have become an integral part of people’s lives, with 
usage rates increasing significantly since their introduction. In 
the literature, many studies report significant improvements in 
behaviour and related health outcomes from mobile application 
use (13–15).
Logan et al. used an automatic BP transmission procedure in 
hypertensive patients, that alerted the patient’s primary care phy-
sician in the event of abnormal values (16). Potential automatic 
data transmission, which could be enabled by mobile applica-
tions, would reduce the patient workload and could improve 
compliance with the system and treatment (11).

Smartphone technology was well approved by the residents of 
the Croatian islands represented by the HSK participants, but 
was not in the general population of Croatia represented by the 
EHUH 2 participants. The possible reason behind these opinions 
might be that the Croatian population is getting older, and both 
of these projects showed that generally, the participants above 65 
years did not own a smartphone, making them unable to use or 
understand the option of mobile applications in the hyperten-
sion management.
Although the discussed solutions to the adherence should be im-
plemented to improve the medication adherence, in the end, it is 
up to patients to follow the therapy regimen. Self-management 
is considered an important element of chronic care management 
and demands an active role of patients in managing their symp-
toms, treatment, psychosocial and physical effects, and changing 
lifestyle (17). 

Conclusion
The Hunt on the silent killer and EHUH 2 project showed that 
the HSK participants were more in favour of pharmacists’ and 
smartphone technology taking place in arterial hypertension man-
agement, possibly because of the lesser availability of healthcare 
services across the Croatian islands. The need to educate the popu-
lation about arterial hypertension, as well the pharmacists’ abilities 
to participate in the AH treatment, has been enhanced through 
both of these projects. Poor medication adherence has many 
causes, and as much as possible solutions should be implemented 
to keep the patients motivated to follow the treatment protocol.
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Abstract:
Severe form of COVID-19 is more common in the elderly and although it may include a variety of 
extrapulmonary manifestations, respiratory dysfunction is primarily present, which includes iron dy-
shomeostasis. The aging process is characterized by a chronic pro-inflammatory condition of a milder 
type, and COVID-19 by strong acute inflammation, both resulting in changes in iron metabolism. A 
new, iron-dependent form of programmed cell death, ferroptosis, is associated with iron dyshomeosta-
sis. The main features of ferroptosis include intracellular iron overload, inhibition of the cellular GSH 
/ GPX4 system, and accumulation of lipid reactive compounds. Clinical manifestations of COVID-19 
and changes during aging include GSH depletion, GPX4 inactivation, changes in iron metabolism 
markers as well as markers of enhanced lipid peroxidation. There is therefore a possibility that SARS-
CoV-2 may cause feroptotic death of lung cells but also cells of other organs.
This review considers the molecular mechanisms of ferroptosis, their relationship to the aging process 
and the pathogenesis of COVID-19, and the consideration of ferroptosis as a factor linking aging and 
the pathogenesis of COVID-19.

Keywords: aging, COVID-19, ferroptosis, iron metabolism, inflammation

Sažetak:
Ferroptoza - veza između biologije željeza, starenja i COVID-19? 
Teški oblik COVID-19 češći je u starijih osoba i iako može uključivati razne izvanplućne manifes-
tacije, prvenstveno je prisutna respiratorna disfunkcija, što uključuje i dishomeostazu željeza. Proces 
starenja karakterizira kronično proupalno stanje blažeg tipa, a COVID-19 jaka akutna upala, što 
rezultira promjenama u metabolizmu željeza. Novi, o željezu ovisan oblik programirane stanične smrti, 
feroptoza, povezan je s dishomeostazom željeza. Glavne značajke feroptoze uključuju intracelularno 
preopterećenje željezom, inhibiciju staničnog GSH / GPX4 sustava i nakupljanje spojeva reaktivnih 
lipida. Kliničke manifestacije COVID-19 i promjene tijekom starenja uključuju smanjenje GSH, 
inaktivaciju GPX4, promjene markera metabolizma željeza kao i markere pojačane peroksidacije lipida. 
Stoga postoji mogućnost da SARS-CoV-2 može uzrokovati feroptotičku smrt stanica pluća, ali i stanica 
drugih organa.
Ovaj pregled razmatra molekularne mehanizme feroptoze, njihov odnos s procesom starenja i pa-
togenezom COVID-19, te razmatranje feroptoze kao čimbenika koji povezuje starenje i patogenezu 
COVID-19.

Ključne riječi: starenje, COVID-19, feroptoza, metabolizam željeza, upala
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Introduction
The severe form of COVID-19 that develops in the elderly is 
often accompanied by an atypical form of acute distress respiratory 
syndrome (ARDS; in 10–20% of hospitalized patients, ventilation 
support is required). It is defined by the acute development of bi-
lateral infiltrates, severe hypoxemia, hypoxia and pulmonary edema 
that cannot be fully explained by common causes. It can also result 
in acute disorders of heart, kidney, liver function, coagulopathy, 
and shock. Although severe respiratory disorders in COVID-19 are 
in part similar to ARDS of other causes, there are evidences to sup-
port the view that COVID-19 is a separate entity (1,2). Research is 
also currently focused on the possible impact of various metabolic 
changes on phenotype and progression COVID-19.
Numerous discussions also include currently unclear mechanisms 
that may negatively interfere with the hematopoietic response to 
respiratory problems (3). Since adaptation to hypoxia implies in-
creased hemoglobin synthesis, it is logical to understand the me-
tabolism of iron, a component of the chemical part of the hemo-
globin molecule (4). Disorders of iron metabolism can result in 
altered iron values   not only in the systemic circulation but also 
in cells of the reticuloendothelial system, especially macrophages. 
The excess iron that is not stored in ferritin, released e.g. by the 
ferritinophagy process or by the breakdown of hemoglobin can 
increase the labile iron pool (LIP) in the cell. Such, free iron will 
stimulate the process of lipid peroxidation creating lipid-based 
reactive oxygen species (L-ROS) which can ultimately result in 
ferroptosis, a new form of regulated cell death (5). 
Knowledge of the processes associated with iron is therefore 
extremely important for understanding the pathogenesis of 
COVID-19. Due to severe inflammation, patients with COV-
ID-19 may develop hypopheremia, or anemia of inflammation, 
which may complicate the final outcome of the disease (6). At 
the same time, in such a state 
there is an increased concentration of free iron in the cells, which 
undoubtedly indicates iron dyshomeostasis (7). Among other 
things, this is supported, for example, by: a) hyperinflamma-
tion with massive expression of interleukin-6 (IL-6), and other 
cytokines e.g. IL-1, IL-6, INF-γ, TNF-α; IL-6 strongly stimu-
lates the formation of the main regulator systemic and cellular 
values of iron hepcidin, increase in serum ferritin, decrease of 
iron and hemoglobin values in the blood and changes of other 
indicators of iron metabolism (8,9,10), b) data on the similarity 
of the amino acid sequence of the spike glycoprotein SARS-
CoV-2 and hepcidin, which suggests the possibility of simulating 
the action of hepcidin by the virus (11) and c) the possibility of 
SARS CoV-2 attack on the β-chain of hemoglobin, via CD147 
and CD26 receptors on erythrocytes and their precursors, which 
may result in hemolysis of erythrocytes and by creating products 
of heme degradation (12,13).
The inflammation involves a prooxidative state in which endog-
enous antioxidant defenses are depleted, especially glutathione 
(GSH), a major cellular antioxidant, and coenzyme Q which 

plays a role in preventing lipid peroxidation. Studies have shown 
that reduced GSH values underlie poor outcomes of COVID-19 
patients and that intravenous injection of GSH is effective in 
alleviating severe respiratory disease symptoms (14,15). A strong 
inflammatory reaction (“cytokine storm”), as mentioned, favors 
the accumulation of cellular iron, which can result in further 
tissue damage and progression of pre-existing inflammation. In 
this way, the adaptation of hematopoiesis to hypoxia is disturbed. 
It has also been shown in vitro that some viruses via specific 
proteases can themselves modulate the host antioxidant response 
and generate oxidative stress (16).
The propensity of elderly people to infections, especially respira-
tory ones, can be associated with changes in the physical properties 
of tissues (mucus and epithelial barrier function and mucocili-
ary clearance), changes in immune function but also in chronic 
lower-grade inflammation (17). This is manifested in the incidence 
and mortality rate of COVID-19, which increases exponentially 
with age and associated diseases such as hypertension, diabetes, 
cancer, heart disorders, chronic obstructive pulmonary disease, etc. 
It has been shown the older age to be one of the most important 
risk factors for SARS-CoV-2 infection as well as for poor disease 
outcome (18,19,20). The reasons for this association are still 
under investigation. It is described, among other things, that the 
expression of the angiotensine-converting enzyme 2 (ACE2) gene, 
the most well-known receptor for SARS-CoV-2, increases in the 
lungs with age (21). The transferrin receptor-1, (TfR1) also serves 
as an ideal portal for the entry of various microorganisms into the 
cells (22). The more severe form of COVID-19 in the elderly with 
comorbidities is also explained by the dynamic transformation 
of the innate and acquired immune response (so-called „im-
munosenescence“) and mild inflammation of the chronic type. 
Such a pro-inflammatory condition can be caused, for example, 
by mitochondrial dysfunction, inappropriate autophagy process, 
endoplasmic reticulum stress and continuous antigenic stimulation 
(so-called “inflammaging”) (23,24). It results in increased hepcidin 
expression and disturbance of iron metabolism which can result in 
cell death by ferroptosis. 
The inflammatory process of a certain degree is therefore present 
in the elderly and in the pathogenesis of COVID-19. It is signifi-
cantly associated with changes in iron metabolism, which may 
be reflected in the form of cell death (7,25,26). Namely, various 
apoptotic and non-apoptotic pathways of host cell death may 
play an important role in the pathogenesis of the disease after 
viral infection (27). The pathway that is increasingly associated 
with the aging process and the pathogenesis of COVID-19 is 
a non-apoptotic form of cell death - ferroptosis (28). There are 
therefore more and more papers in the literature describing the 
complex relationship between inflammation as a characteristic of 
aging and COVID-19 and the ferroptosis process (29).
Based on the available literature, this paper describes the main 
and currently known features of the ferroptosis process and se-
lected data on the association of ferroptotic death with the aging 
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process and with the pathogenesis of COVID-19. One part of 
the reviewed papers is largely hypothetical, however, the pub-
lished assumptions are based on known facts from the physiol-
ogy, biochemistry, and metabolism of iron, so they need to be 
confirmed or rejected by further research.
For this purpose, PubMed, WHO COVID-19 database, Google 
Scholar, Embase, Web of Science, Science Direct and BioArx and 
MedArxiv preprint servers, were reviewed, mostly in the period 
2017.-2021.The search strategy was to use different search terms 
alone and in any combination, such as: “COVID-19”, “aging”, 
“SARS-CoV-2”, “iron”, “hepcidin”, “hemoglobin”, “ferritin”, 
“hypoxia”, “ferroptosis”, “inflammation”, “cytokine”, “oxidative 
stress”, “immunosenescence”. Only english articles with available 
data were included. Primarily review papers are included, but 
also original research.

What is ferroptosis?
Ferroptosis (from the Greek “ptosis” and Latin „ferrum“ iron) was 
a recently discovered (2012.) iron-based form of non-apoptoptic, 
programmed cell death. It is characterized by the accumula-
tion of toxic L-ROS and their more stable degradation products 
e.g. lipid hydroperoxides (L-OOH), malondialdehyde (MDA), 
4-hydroxynonenal (4HNE), etc.). It differs from other forms of 

cell death by biochemical pathways, major drivers and execu-
tors, and morphological features (30). Catalytically active, free 
ferrous iron (Fe2+), which can trigger the Fenton reaction (Figure 
1.) is considered a major participant in the formation of L-ROS 
during ferroptosis. At the same time, sulfhydryls (-SH) present in 
peptides (e.g. glutathione, GSH) and proteins (e.g. thioredoxin) 
provide resistance to the oxidation species (L-ROS) formed (31).
Briefly, the triad of the ferroptosis process includes the increased 
availability of redox active iron, the formation of L-ROS, particu-
lar compounds formed by the oxidation of polyunsaturated fatty 
acids (PUFA) of membrane phospholipids and decreased GSH-
dependent glutathione peroxidase-4 (GPX4) activity (32). Redox 
active, free iron plays a central role in the non-enzymatic process 
of L-ROS formation via the Fenton reaction. In the enzymatic 
process, L-ROS are formed by the catalytic action of a group of 
enzymes containing iron in the active site, lipoxygenases, especially 
LOX-15 (33,34). In the production of pro-ferroptotic L-OOH, 
the most common substrates of this enzyme are arachidonoyl- and 
adrenoyl-phosphatidylethanolamine (35). Enzyme group LOX 
and indirectly contributes to ferroptosis by affecting immune cells 
by producing proinflammatory metabolites (leukotrienes, hydroxy 
eicosatetraenoic acids, oxoeicosanoids) (36). A simplified scheme 
of the ferroptosis process is shown in Figure 1. 

 

Figure 1. Scheme of the main cellular pathways of ferroptosis.
The main regulatory pathway of the ferroptosis process involves the cysteine-GSH-GPX4-L-ROS axis. Cyistine is transported to the cell via the cystine/glutamate antiporter, the 
Xc-system where it is reduced to cysteine by cystine reductase. The cells use cysteine in the biosynthetic pathway of GSH, a cofactor of the GPX4 enzyme. Under normal circum-

stances, GPX4 reduces the L-OOH (equivalent to L-ROS) to their alcoholic, non-toxic form (L-OH). Another possibility of reducing the resulting L-ROS involves ubiquinol from 
cell membrane compartments, and the resulting ubiquinone is reduced back to the alcoholic form (ubiquinol) by the action of FSP1 (not indicated in the figure). GPX4 and FSP1 
therefore have a synergistic effect in terms of inhibiting L-ROS accumulation and thus ferroptosis. The strongest driver of L-ROS formation is the hydroxyl radical (.OH) which is 
formed by the reaction of ferrous iron with H2O2 in the so-called Fenton reaction (Fe 2+ + H2O2 → Fe 3+ + .OH + OH-; H2O2 is formed by dismutation of the superoxide 

radical with the catalytic activity of mitochondrial superoxide dismutase). Iron enters the cell by endocytosis of the transferrin/transferrin receptor-1 complex or is released from fer-
ritin via ferritinophagia and/or hemoglobin degradation. FSP1 (ferroptosis-suppressor protein 1); GPX4 (glutathione peroxydase 4); GSH (reduced glutathione); GSSG (oxidized 
glutathione); GR (glutathione reductase); H2O2 (hydrogen peroxide); L-OH (lipid alcohol); L-OOH (lipid hydroperoxydes); L-ROS (lipid-based reactive oxygen species); LOX 

(lipooxygenase); .OH (hydroxyl radical); Se (selenium). For a more detailed mechanism of the ferroptosis process see ref. 37. 
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Abnormal accumulation of L-ROS and an inefficient GSH / 
GPX4 system for their elimination result in the destruction of 
cell membranes and cell organelles as well as irreversible cell 
death.The ultimate effects of ferroptosis include a change in the 
physical properties of cell membranes, such as the formation 
of structured lipid pores. Extensive oxidation further depletes 
PUFAs resulting in disturbed fluidity and structure of cell 
membranes and their permeability (38). Different cell types have 
different susceptibilities to ferroptosis as a result of changes in 
the metabolism of iron, lipids and some amino acids (cystein, 
glutamate, glutamin).
In biochemical, genetic, and morphological terms, ferroptosis 
differs from other forms of cell death, although it is most com-
monly considered as „regulated necrosis“. Ferroptosis has also 
been shown to be associated with severe damage to mitochon-
drial morphology, bioenergetics and metabolism, including mito-
chondrial GSH (39). This is not surprising because mitochon-
dria are major sites of iron utilization, regulators of oxidative 
phosphorylation but also major cellular producers of ROS. The 
morphological features of ferroptosis are therefore the reduction 
or disappearance of mitochondrial cristae, condensation of mito-
chondrial membrane density, rupture of the outer mitochondrial 
membrane and reduction of mitochondrial volume (40). Other 
cellular organelles, such as the endoplasmic reticulum, Golgi 
apparatus, and lysosomes, are also involved in ferroptosis (41). It 
has recently been described that peroxisomes, which synthesize 
ether phospholipids, more precisely plasmalogens, are significant-
ly contributing to the process of ferroptosis, and are significantly 
susceptible to the peroxidation process (42).
Signal molecules and signaling pathways directly or indirectly 
involved in the regulation of ferroptosis include, but are not lim-
ited to, activating transcription factor 4, nuclear factor erythroid 
2-related factor 2 (Nrf2), tumor suppressor gene p53, Beclin-1 
key regulator of autophagy, heat shock proteins, haem oxyge-
nase-1, prostaglandin-endoperoxide synthase 2 gene (PTGS2), 
participants in the mevalonate pathway, etc. (43,44). Most 
regulators are associated in a specific way with other forms of cell 
death, so an important goal of future research is to identify those 
regulators wich might distinguish ferroptosis from other types 
of regulated cell death. Almost all participants in the ferroptotic 
cascade are target genes of, for example, the Nrf2 transcription 
factor, indicating its critical role in mediating ferroptotic death 
(e.g. ferritin light and heavy chain, glutamate-cysteine   ligase cata-
lytic and regulatory subunit, ferroportin, GPX4, etc.) (45). It is 
a promising therapeutic goal for the treatment of some diseases, 
and therapeutic benefit is also expected from other molecules 
involved in metabolic/signaling pathways associated with fer-
roptosis, e.g., inhibition of glutaminolysis, inhibition of ferritin-
ophagia, p53 pathway, and others (46,47).
The potential activators for possible manipulations in the 
process of ferroptosis are, for example, inhibitors of the Xc-
system (erastin, sorafenib), inhibitors of GSH synthesis and 

glutamate-cysteine ligase, a key enzyme in the synthesis of GSH 
(buthioninesulfoximine), inhibitor GPX4 (RAS-selective lethal 
3), accumulation of extracellular glutamate, cystine deficiency 
etc. In addition to the two main endogenous antioxidant systems 
(GPX4, FSP1), ferroptosis inhibitors may be an alternative 
source of cysteine (N-acetylcysteine), L-ROS removers (vitamin 
E, ferrostatin-1), iron chelators (deferoxamine mesylate, defer-
sirox) and other compounds (48).
The process of ferroptosis also involves molecules participating in 
other metabolic pathways that act simultaneously and directly 
and/or indirectly contribute to ferroptosis by generating L-
ROS (33). These are, for example, the cellular mitochondrial 
tricarboxylic acid cycle and the electron transport chain, lipid 
metabolism, transulfulation, mevalonate and pentosaphosphate 
pathways (49). Ferritonophagy plays a significant role in the 
control of iron homeostasis and is therefore associated with 
ferroptosis (47). The process is mediated by nuclear receptor 
coactivator 4 (NCOA4) which is required for the maintenance 
of intracellular and systemic iron homeostasis and physiological 
processes such as erythropoiesis (50). NCOA4 recognizes and 
binds the heavy subunit of ferritin and then delivers iron-
bound ferritin to autophagolisosomes for lysosomal degrada-
tion. During this degradation the released iron is available for 
the Fenton reaction and induction of ferroptosis is enabled 
(51). Changes in ferritin expression therefore affect ferroptosis 
by altering the intracellular pool of free, redox active iron. It 
has recently been discovered that the membrane glycoprotein 
prominin 2 enhances resistance to ferroptosis by stimulating 
the export of ferritin from cells (52).
Ferroptosis is an inherently more immunogenic form of death 
than apoptosis, because the affected cells, in addition to oxidized 
lipid mediators, also release inflammatory cytokines, damage-
associated molecular patterns (DAMPs), alarmine, high mobility 
group 1 (HMGB1) leading to proinflammatory condition and 
cell death (29,53). There is a complex relationship between fer-
roptosis and metabolism, arachidonic acid (AA), the most abun-
dant PUFA in cell membrane phospholipids, and eicosanoid 
biosynthesis since ferroptosis is associated with increased PTGS2 
expression and prostaglandin release (29,54). It is also possible 
that cells undergoing ferroptosis also function as AA donors for 
transcellular biosynthesis of eicosanoids (55).
Despite numerous evidences of the importance of L-ROS ac-
cumulation as a consequence of intracellular iron accumulation, 
the exact mechanism of iron in the ferroptosis signaling pathway 
itself is still not entirely clear (56). Since iron homeostasis is a 
complex process and involves the coordination of various pro-
teins e.g. divalent metal transporter 1, ferroportin 1, transferrin, 
hepcidin, ferritin and other molecules, it is to be expected that 
altered expression of proteins that regulate iron metabolism may 
define susceptibility to ferroptosis (30). A more detailed iron 
metabolism has been reviewed in other publications and is not 
discussed here (57).
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In addition to altered hepcidin values it has recently been 
discovered that the serum iron transporter, transferrin and its 
receptor also play a significant role in ferroptosis (58). Further-
more, membrane nicotinamide adenine dinucleotide phosphate 
(NADPH) oxidase, which contains 2 non-covalently bound 
heme with iron, participates in electron transfer from NADPH 
to oxygen and thus in the formation of superoxide radical (59). 
In a situation where GPX4 activity and the required antioxidant 
systems are inactive, this radical can react with membrane lipids 
and consequently it can cause cell death. It is not clear, and it is 
also discussed, whether ferroptosis can “spread” in a paracrine 
way, therefore, outside the affected cells. The main role in this is 
given to the relatively stable and easily diffusible end products of 
lipid peroxidation, 4HNE and MDA (60).
Ferroptosis is of particular interest because of its implication in 
the pathogenesis of age-related disorders. Unregulated ferroptosis 
may partly explain cell degeneration and tissue damage of patho-
genesis e.g. intracerebral hemorrhage (61), atherosclerosis (62), 
cardiomyopathy (63), acute kidney disease (64), lung disease 
(65), and Alzheimer disease (66).
Biochemical, morphological and genetic changes are monitored 
in scientific research as markers of ferroptosis. Morphologi-
cal changes of cells such plasma membrane rupture, decreased 
number of mitochondria, and mitochondrial membrane density, 
are monitored using an electron microscope. Biochemical 
changes include monitoring of a) iron accumulation (the changes 
in labile iron status by fluorescence test, FRET Iron Probe -1), 
application of inductively coupled plasma-MS, or staining with 
Perls Prussian Blue), b) lipid peroxidation e.g. peroxidized phos-
pholipids with LiperFluo test, determination of MDA, etc. c) 
decrease in antioxidants (e.g. GSH concentration), d) increase in 
expression of specific proteins (e.g. activity of acyl-CoAsintethase 
long-chain family member 4), e) degradation of specific proteins 
(e.g. ferritin) and f ) release of DAMPs. Of the genetic mark-
ers, identification of the regulation of the PTGS2 gene can, for 
example, be used (67). Some markers also change in other forms 
of cell death and are therefore not specific to ferroptosis alone. 
It is expected that further research with the application of new 
technologies will reveal and also be able to define more specific 
markers in order to better understand the process of ferroptosis.

A hipothesis on the association between 
aging, COVID-19 and ferroptosis
Aging is a continuous and inevitable process characterized by 
a gradual decline in the physiological functions of the organ 
systems which ultimately results in death. It involves a complex 
interaction of various unbalanced mechanisms such as altered en-
ergy metabolism, anabolism and catabolism, immune response, 
pro- and antioxidant values, which together also lead to chronic, 
mild inflammation (“infammaging”), various disease states and 
end of life (68,69). The aging process cannot fully encompass 

any of the many existing definitions and theories of aging, but 
according to many of them it is the closest one to the “free radi-
cal theory”. It implies the accumulation of oxidative damage as a 
consequence of the action of ROS over time and can logically be 
associated with iron dyshomeostasis.
During aging, the rate of metabolism decreases, and, among 
other things, the synthesis of proteins that require iron for func-
tion is reduced. These are, for example, various enzymes in the 
synthesis of DNA, hemoglobin and Fe-S clusters (26,70). Since 
there is no sufficiently effective mechanism for the elimination of 
iron from the body, aging unnecessarily accumulates tissue iron, 
which is associated with increased serum ferritin (71). In the sys-
temic circulation, however, reduced iron levels are recorded and 
this change is explained by a chronic pro-inflammatory condi-
tion and the consequence of increased hepcidin expression (72). 
With aging also weakenes the process of iron storage in ferritin 
and LIP increases.
Combined with a progressive decline in endogenous GSH and 
other antioxidant molecules during aging, the risk of cell death 
by ferroptosis increases (73). Iron dyshomeostasis that occurs 
during aging plays an important role in Alzheimer’s disease (iron 
contributes to aggregation and pathogenicity of β-amyloid) (74), 
Mycobacterium tuberculosis infection (75), Huntington’s disease 
(76), myocardial infarction (77), pulmonary diseases (78), diabe-
tes (79), etc. It has also been described that T-cell lipid peroxida-
tion during aging induces ferroptosis and thus alters the immune 
response to infection (80).
Some characteristics of the mitochondria change during aging, 
resulting in reduced mitochondrial respiration capacity and lack 
of energy. In infection with SARS-CoV-2, mitochondrial fusion 
is further increased, mitochondria produce more ROS, there is 
inappropriate mitophagy, and there is excessive amounts of iron 
in storage which can cause ferroptosis. This could partly explain 
the most severe disease outcomes in elderly comorbid patients 
but also be a guide to research in to COVID-19 therapeutic 
approaches.The accumulation of iron that damages DNA and 
blocks genomic repair systems, according to Sphfere A. et al. 
have been termed “ferrosenscence”. According to preliminary 
research, this type of cell senescence is also implied as a stimula-
tor of complications in patients with COVID-19 (81,82).
Cellular iron loading and ferroptosis, as a form of cel ldeath, are 
therefore implied in the pathogenesis of COVID-19. Depending 
on the pathophysiological context, ferroptosis is characterized 
by duality in terms of ultimate beneficial effects for the cell (e.g., 
killing cancer cells) as well as negative, detrimental effects (con-
tributing to neurodegenerative, cardiovascular disorders, type 2 
diabetes, etc.). It is therefore justified to consider and define the 
role of ferroptosis in COVID-19 as well. Some of the clinical 
manifestations of COVID-19, such as inflammation, hyperfer-
ritinemia, hyperkoagulability, immune dysfunction, may indeed 
be associated with dysregulation of iron homeostasis, suggesting 



Review Article

RAD 552. Medical Sciences 58-59 (2022) : 58-68                       www.rad-med.com 63 June 2022   -   Vol 552 = 58-59

the possibility of a ferroptosis process. As ferroptosis is an immu-
nogenic process, it stimulates a series of reactions by amplifying 
the inflammatory response (29,83). Patients with COVID-19 
have an increased number of proinflammatory CD4+ T cells and 
CD8+ T cells as well as dysregulation of iron homeostasis (84). 
As previously mentioned ferroptotic cells release DAMPs and 
activate the advanced glycation end products specific receptor to 
trigger the inflammatory response of peripheral macrophages and 
activate NF-κB in innate immunity.
In the pathogenesis of COVID-19 Banchini F. et al. suggest the 
possibility of activation of hepcidin synthesis, tissue iron load 
especially mitochondria, L-ROS production and ferroptotic cell 
death and in connection with this a certain potential in terms 
of disease treatment (85). As in a milder form, similar changes 
occur in the aging process, it is assumed that manipulations in 
the process of ferroptosis could be a procedure for prolonging a 
healthy life, and that they have potential in terms of treatment 
COVID-19. Other researchers come to similar conclusions 
and recommend the most common iron chelators as an aid in 
therapy. Lactoferrin, for example, is thought to reduce tissue iron 
load but at the same time prevent the entry of SARS-CoV-2 into 
host cells (83).
Because hepcidin synthesis is associated with various protein 
molecules (e.g., Homeostatic Iron Regulator, IL-6, Toll Like Re-
ceptor 4), a disorder in their expression could be reflected in iron 
homeostasis. The lung macrophages of the elderly are thought to 
produce IL-6 more pronouncedly, which plays a critical role in 
creating a pro-inflammatory microenvironment that will contrib-
ute to the integrity of the air-blood barrier (alveolar – capillary 
barrier) (86). IL-6 also increases cellular ferritin and stimulates 
transferrin receptor-1, internalization of transferrin resulting in 
iron accumulation. Serum hepcidin concentrations progressively 
increase with age, are higher in men, and are also increased in 
COVID-19 patients (87,88). Furthermore, increased values   of 
iron and iron metabolism regulators (transferrin, ferritin) were 
detected in bronchoalveolar lavage fluid patients with ARDS, 
disorder present in severely ill COVID-19 patients, and corre-
lated with lung tissue damage (89). The same has been proven in 
experimental models. 
All of the above indicates that important determinants of the 
ferroptosis process are present in varying degrees in the aging 
process and in the pathogenesis of COVID-19 and therefore 
ferroptosis could be an important link in the development of 
severe COVID-19 in the elderly. In order to better understand 
the pathogenesis of COVID-19, it is necessary to investigate 
and define the complex interaction between tissue iron loading, 
increased expression of hepcidin as well as the other molecules 
mentioned.
Uncontrolled systemic inflammation in COVID-19 patients is 
often accompanied by endothelial injuries, activation of the co-
agulation cascade by disseminated intravascular coagulation, and 

consumption of coagulation factors leading to damage to other 
organs and death. The coagulation mechanism that is assumed 
appears to be a separate mechanism. Namely, it is hypothesized 
that in an inflammatory condition accompanied by increased 
hepcidin expression and iron sequestration, there is the possibil-
ity of an iron-activated abnormal coagulation system in small 
blood vessels and capillaries (90,91). Consequently, proteolyti-
cally stable clots form, which are presented as ground-glass opac-
ity, which was previously established in diabetics (92). Consistent 
with these considerations with respect to iron homeostasis disor-
der, it would be interesting to consider the ferroptosis process in 
relation to this form of COVID-19 complication as well.
Sukhomlin T. in the pathogenesis of COVID-19 emphasizes the 
importance of disorders of local, tissue (lungs but also other organs) 
iron homeostasis. He suggests accordingly, to begin with on animal 
models, the measurement of markers of homeostasis disorders lo-
cally (hepcidin, total and free iron, ferritin) and not only in serum. 
In order to assess the risk of complications and for successful treat-
ment, in addition to modulating inflammation and coagulation, he 
also suggests modulation of iron homeostasis (91,92).
The assumption of the need to modulate iron distribution in 
patients with COVID-19 is confirmed by a study of the thera-
peutic effect of erythropoietin.This hormone has an inhibitory 
effect on hepcidin synthesis and thus stimulates the utilization of 
iron for erythropoiesis (93). Furthermore, Singh et al. found that 
SARS-CoV-2 was dependent on binding to S-adenosyl-L-me-
thionine, an intermediate of the homocysteine synthesis transsul-
fration pathway. Because participants in this synthetic pathway 
are indirectly involved in the ferroptosis process, this finding may 
also link the ferroptosis process to SARS-CoV-2 infection (94). 
Studies on Vero cells have also demonstrated a direct inhibitory 
effect of SARS-CoV-2 replication on the expression of some 
selenoprotein mRNAs, including mRNA-GPX4. This certainly 
requires further research, especially in light of the established 
evidence on the association of selenium status in the diet and the 
outcome of SARS CoV-2 infections (95).
Biochemical markers of iron metabolism disorders, and thus 
potential cell death by ferroptosis, which are most often deter-
mined in the clinical treatment of patients with COVID-19, 
are generally insufficiently specific only for this disease. Indica-
tors of the antioxidant system are determined more in scientific 
research. In assessing the presence of the ferroptosis process in 
the progression of COVID-19, based on published papers, it is 
currently recommended to determine the concentration of ferri-
tin and hepcidin. In some works, persistent hyperferritinemia in 
the light of the so-called “long-COVID-19” is defined as a long 
prognostic marker, which certainly requires further research and 
confirmation in anappropriate number of patients (96).
Although this work has focused on iron accumulation and fer-
roptosis, it should be noted that hypopheremia is common in 
elderly patients with COVID-19. The results of the study by 
Hippchen et al. demonstrate hypopheremia (that is decreased 
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serum iron concentration) and decreased transferrin saturation 
and an increased hepcidin value, which, however, was weakly 
correlated with hypopheremia (97). Due to the good association 
of hypopheremia with the PaO2/FiO2 ratio in patients requiring 
oxygen therapy, this ratio is considered a reliable prognostic fac-
tor in COVID-19 (98). It is assumed that severe hypopheremia 
in severe forms of the disease could be an indicator of a reduced 
response of the organism to hypoxia, a weakened immune re-
sponse, which all contributes to the worsening of the disease.

Conclusion
Although iron is vital to all living organisms, the chemical prop-
erty of fluctuating between different oxidation states also makes 
it a potentially toxic transition metal. Increased accumulation of 
cellular iron is an important driver of lipid peroxidation and thus 
ferroptosis and a participant in the occurrence of oxidative stress, 
a biologically important process that can contribute to increased 
sensitivity of a person to various strokes. Since ferroptotic cell 
death may be involved in the pathogenesis of various diseases, 
understanding of initiation and the underlying regulatory mech-
anisms of this process have potential therapeutic significance.
A significant factor that precedes the ferroptotic process is in-
flammation of a milder chronic (aging) or stronger, acute (severe 
form of COVID-19) degree. The molecular interaction between 
systemic and tissue/cellular regulation of iron, in which hepcidin 
plays a central role and the inflammatory process, is therefore a 
new area of research crucial for understanding the aging process 
and the pathogenesis of COVID-19.
It has been repeatedly confirmed that age contributes to the se-
verity of COVID-19. In the aging process and in the pathogene-
sis of COVID-19, iron metabolism is disturbed, which is the ba-
sis of the process of lipid peroxidation, the trigger of ferroptosis 
and thus the occurrence of oxidative stress. This certainly leads to 
depletion of the body’s antioxidant systems, especially the cellular 
GSH/GPX4 system, which prevents the effective removal of the 
resulting L-ROS, which is also a feature of ferroptosis. There 
are fundamental risk factors for the process of ferroptosis (iron 
dyshomeostasis, L-ROS production and sulfhydryl depletion) 
which, according to the time required for cellular iron accumula-
tion, can develop not only in the lungs but also in other organs 
(kidney, heart, liver, gut, and nervous system).
A common factor, the cause of iron dyshomeostasis and thus 
further adverse reactions that end in the process of ferroptosis 
is, inflammation-induced increased expression of hepcidin. This 
protein molecule is an indicator of an inflammatory reaction as 
well as iron dyshomeostasis. While, normal expression of hep-
cidin has a protective function, its overexpression occurring in 
COVID-19 can be detrimental and associated with a variety of 
disease symptoms. The putative common pathway of the aging 
process and COVID-19 that may result in ferroptosis is shown 
in Figure 2.

Ferroptosis is a recently discovered form of cell death so there are 
still gaps to be filled. To date, there are no effective therapeutic 
interventions to prevent accelerated aging and the aging of as-
sociated diseases, and the efficacy of some drugs for COVID-19 
is still ongoing. In the case of aging and aging associated diseases 
there is a continuous, and in the case of COVID-19 an urgent 
need for new treatment strategies. Intracellular iron reduction or 
a new generation of ferroptosis modulators could be potential 
candidates for adjuvant therapy in combination with specific 
antiviral, anti-inflammatory, antioxidant approaches and ap-
proaches that more effectively strengthen the immune system of 
the elderly. The results of some preliminary research suggest that 

 

Figure 2. Assumed common pathway of the aging process and COVID-19 resulting in 
ferroptosis.
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interventions in the process of ferroptosis could play a signifi-
cant role. Therefore, in vitro and in vivo studies on the role of 
ferroptosis in the aging process, the pathogenesis of COVID-19 
(targeted induction or suppression of the process) are intensively 
continued. We hope that this review will be the basis for some 
future interesting research.
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Abstract:
Coronavirus disease 2019 (COVID-19) pandemic resulted in global healthcare crises and strained 
health resources, both in the acute and chronic phase of the disease. Similarly to post-acute viral 
syndromes described in survivors of other virulent coronavirus epidemics, there are increasing reports 
of persistent and prolonged symptoms after acute COVID-19. These reports and studies have helped 
contribute to the recognition of post-COVID-19, a syndrome characterized by persistent symptoms 
and/or delayed or long-term complications beyond 4 weeks from the onset of symptoms. Here, we 
provide a comprehensive review of different manifestations of post-COVID conditions and propose 
a framework for the identification of patients at higher risk for post- COVID and their coordinated 
management through dedicated COVID-19 outpatient clinics.

Keywords: COVID-19, post COVID conditions, coronavirus, SARS-CoV-2

Sažetak:
Pregled i upravljanje različitim post-COVID uvjetima
Pandemija bolesti koronavirusa 2019. (COVID-19) rezultirala je globalnom zdravstvenom krizom i 
opterećenim zdravstvenim resursima, kako u akutnoj tako i u kroničnoj fazi bolesti. Slično kao i kod 
postakutnih virusnih sindroma opisanih u preživjelih od drugih virulentnih epidemija koronavirusa, 
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sve je više izvješća o postojanim i produljenim simptomima nakon akutnog COVID-19. Ova izvješća 
i studije pomogle su pridonijeti prepoznavanju post-COVID-19, sindroma kojeg karakteriziraju trajni 
simptomi i/ili odgođene ili dugotrajne komplikacije nakon 4 tjedna od početka simptoma. Ovdje 
pružamo sveobuhvatan pregled različitih manifestacija stanja nakon COVID-a i predlažemo okvir 
za identifikaciju pacijenata s većim rizikom od post-COVID-a i njihovo koordinirano liječenje kroz 
namjenske ambulante za COVID-19.

Ključne riječi: COVID-19, post COVID uvjeti, koronavirus, SARS-CoV2

Pulmonary manifestations of post-COVID 
conditions
In general, three out of four most common physical symptoms 
following acute COVID-19 are related to the respiratory system: 
dyspnea, cough, and chest pain/tightness. These symptoms may 
reflect certain structural issues such as interstitial lung disease 
(with the tendency of developing pulmonary fibrosis) and/or 
thromboembolic events (with possible emergence of chronic 
thromboembolic pulmonary hypertension, CTEPH). For 
diagnostic purposes, we commonly use imaging methods (chest 
X-ray, high resolution CT (HRCT) of the chest, perfusion/venti-
lation scintigraphy), lung function tests (spirometry with revers-
ibility testing and diffusing capacity test), and echocardiography. 
In case a thromboembolic event is diagnosed, treatment recom-
mendations are clear and do not differ significantly from the 
treatment of embolisms not related to SARS-CoV-2 infection. 
If there are no other risk factors for blood clothing, aside from 
COVID-19, recommended treatment time is three to six months 
with warfarin or one of the new anticoagulants (NOACs) (7). 
Those who still complain of dyspnea after the treatment period, 
as well as those with larger embolic masses in the acute phase, 
should be referred for echocardiography in order to timely diag-
nose CTEPH. However, in the available literature we still do not 
have evidence of CTEPH incidence rise (8). The reason behind it 
may be that pulmonary embolisms connected with COVID-19 
are mechanistically different and commonly smaller and periph-
eral. Moreover, more time is needed for the conclusion, given 
that CTEPH usually occurs within two years of the acute embo-
lism event (8). Radiologically visible changes have been described 
in up to 70% of patients following COVID-19 pneumonia three 
months after the onset of the disease. Moreover, they were still 
present in 24% of patients even after 12 months (9-12). Organ-
izing pneumonia is the most common manifestation of intersti-
tial lung disease following acute COVID-19 (13). Among lung 
function tests, predominant are the reduction in diffusing lung 
capacity for carbon monoxide (DLCO) and restrictive pattern in 
spirometry, while obstructive pattern is less common and seen in 
less than 10% of patients (11,14). Typical radiological pattern of 
OP includes peripheral consolidations with air bronchogram and 
ground glass opacities (GGO), while solitary or multiple masses/

Introduction
Pandemic of COVID-19, disease caused by SARS-CoV-2 virus, 
resulted in many persons surviving the acute disease phase. Ac-
cording to the available literature, as well as the experience gath-
ered in our daily work, many of these patients will experience a 
wide range of symptoms in the period following the acute infec-
tion (1-3). Currently, the most widely used term describing the 
condition is the „post-COVID conditions“. The World Health 
Organization (WHO) defines this condition as occurring “in 
individuals with a history of probable or confirmed SARS-CoV-2 
infection, usually 3 months from the onset of COVID-19, with 
symptoms that last for at least 2 months and cannot be explained 
by an alternative diagnosis“ (4). Despite multiple definitions, 
there are still no widely accepted clinical diagnostic criteria for 
post-COVID conditions. Still, the 10th revision of the Interna-
tional Statistical Classification of Diseases and Related Health 
Problems (ICD) has assigned a code (U09.9) that encompasses 
all unspecified post-COVID conditions. However, it is still not 
clear whether the constellation of symptoms following SARS-
CoV-2 infection represents a completely new syndrome, unique 
for COVID-19, or an overlap with the syndrome of recovery 
after other infectious diseases and disease caused critical condi-
tions. However, it has been shown, in our population as well as 
in other published cohorts, that the presence of post-COVID 
symptoms is independent of the severity of acute COVID-19 
(5). The distribution of humane ACE2 receptors in different tis-
sues, especially in the circulatory system, enables the wide spread 
of SARS-CoV-2. Thus, both symptoms of acute COVID-19 and 
post-COVID conditions vary and may involve a wide range of 
different organic systems (6).
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nodules, perilobar pattern, atoll sign, linear opacifications and 
progressive fibrosis belong to atypical findings (15). There is no 
clear guidance or algorithm for both the treatment of parenchy-
mal changes and prevention of fibrosis in the subacute or chronic 
phase following SARS-CoV-2 infection. Still, in the case of OP, 
similarly to the management of other OP causes, glucocorticoids 
seem like a reasonable choice. Dosage and treatment duration 
depend on the severity of lung parenchyma affection and the 
level of lung function impairment and vary from 0,25–0,5 mg/
kg prednisone for up to 14 days without tapering to pulse doses 
of prednisone or methylprednisolone with gradual tapering over 
the weeks/months of the recovery period. A recent prospective 

observational study showed first evidence of glucocorticoid effec-
tiveness in patients with OP after acute COVID-19 pneumonia 
(13). Lastly, in the management of patients with impaired lung 
function, multidisciplinary approach and pulmonary rehabilita-
tion represent cornerstone therapy. Pulmonary rehabilitation is 
mostly implemented in the outpatient setting, beginning at least 
four weeks after the end of acute COVID-19, but can be sta-
tionary in the most severe cases, usually immediately or shortly 
after the end of acute, infective COVID-19 phase. Proposed 
algorithm for outpatient evaluation of patients with pulmonary 
post-COVID conditions is shown in Figure 1. 

 

Figure 1. Proposed algorithm for out-patient evaluation of patients with pulmonary manifestation of post-COVID conditions.

ABGA – arterial blood-gas analysis; CO – carbon monoxide; ECG – electrocardiogram; PCFS – post covid functional 
status
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Cardiac manifestations of post-COVID 
conditions
Cardiovascular symptoms, such as chest pain, palpitations, or 
higher resting heart frequencies, are among the most common 
in patients after acute COVID-19. Syndromes such as myocar-
ditis, postural orthostatic tachycardia and pericarditis may also 
occur. Although small pericardial effusions in post-COVID are 
relatively common, clear symptomatic pericarditis is rare. Pos-
tural orthostatic tachycardia syndrome (POTS) is defined as an 
inappropriate increase in heart rate without a change in blood 
pressure when moving from a supine to an upright position. 
Treatment of POTS varies depending on the degree of symp-
toms and usually involves a combination of physical exercise 
and behavioral therapy, and sometimes drug therapy. Given the 
increased likelihood of a major adverse cardiac event (MACE) 
in the months following discharge, hospitalized patients with 
preexisting risk factors for cardiovascular events should be 
closely monitored after COVID-19. In addition, hospitalized 
patients with acute COVID-19 who show biomarker evidence 
of myocardial injury or have had a clear myocardial infarction 
(most commonly myocardial infarction type 2) require cardiac 
treatment to determine whether there is underlying coronary 
artery disease unmasked by increased metabolic demand condi-
tions due to systemic inflammation and to prescribe further 

medical, interventional, or cardiac surgical therapy. Overcom-
ing COVID-19 often results in chronic fatigue syndrome 
(CFS), which is defined as severe, disabling fatigue after exer-
tion that affects physical and mental functioning. To diagnose 
CFS, symptoms must persist for at least 50% of the time for 
at least 6 months. Cognitive behavioral therapy with gradual 
exercise may be an effective treatment in CFS, while pharma-
cological treatment with antidepressants, steroids, and vitamin 
supplements has shown mixed results in small clinical trials. 
COVID-19 is also characterized by marked deconditioning 
that requires gradual exercise as the only therapy in the post-
COVID period (16,17). The tendency to significantly reduce 
(probably due to patients’ fear of hospitalization and infection) 
the number of patients with acute myocardial infarction and 
other cardiac diseases in hospitalized patients, especially dur-
ing the first waves of the COVID-19 pandemic, is monitored 
across Europe and the United States, but also in our country 
(18). In addition, the pandemic is accompanied by an increased 
incidence of some less common complications of myocardial 
infarction, such as myocardial rupture or cardiogenic shock 
with consequent long-term decrease in the ejection fraction of 
the heart and symptoms of its failure. It is to be expected that 
this will require additional efforts by health systems in treating 
and monitoring these patients (Figure 2).

 

Figure 2. Proposed algorithm for the treatment of patients recovering from COVID-19 with persistent cardiovascular symptoms or previously 
COVID-19 hospitalized patients with cardiac complications (16)
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Neurological manifestations of post-COVID 
conditions
Neurological manifestations of post-COVID include a broad 
spectrum of nonfocal symptoms and signs, such as chronic 
fatigue, memory disturbances, hyposmia, headache and heaviness 
in extremities but also include a plethora of focal and specific 
manifestations of central or peripheral nervous system distur-
bances. SARS-CoV-2 infection is associated with cognitive and 
neurodegenerative disorders, demyelinated disorders of the cen-
tral nervous system (CNS), autoimmune encephalitis, epilepsy as 
well as with disorders of peripheral nervous system (PNS) (19-
21). Coronavirus could be detected in the CNS of patients with 
Parkinson’s disease (PD), Alzheimer’s disease (AD) and multiple 
sclerosis (MS) (10-25). According to human and animal experi-
mental models, SARS-CoV-2 could enter the brain as well as 
brainstem directly, probably via olfactory nerve, without prior in-
fection of the lungs (23,24). There are several mechanisms which 
connect movement disorders, especially PD with COVID-19 
(22). Even though etiology of PD remains unclear, neuroinflam-
mation of dopaminergic neurons is a potential cause and the 
presence of the antibodies against coronaviruses in the cerebro-
spinal fluid (CSF) of PD patients was detected two decades ago 
(19,22). Also, demyelinated disorders of central nervous system 
(CNS) such as acute disseminated encephalomyelitis (ADEM), 
transverse myelitis (TM), MS and neuromyelitis optical spec-
trum disorder (NMOSD) are associated with SARS-CoV-2 
infection (26-28). Current research data have shown that the 
most common pattern of demyelinated disruption is non-specific 
encephalitis or encephalomyelitis. The most common mani-
festation of isolated spinal cord involvement was longitudinal 
extensive transverse myelitis (LETM). Although SARS-CoV-2 is 
neurotrophic and passes blood-brain barrier, it is more likely that 
demyelinated disorders of CNS occur para- or post-infectious 
due to immune related mechanisms. Autoimmune response in 
patients with COVID-19 could lead to autoimmune encephalitis 
or new onset refractory status epilepticus (NORSE), especially in 
patients with severe manifestations of COVID-19 with respirato-
ry insufficiency. Therapeutic approach in autoimmune encepha-
litis and NORSE comprises of immunomodulatory treatment 
(corticosteroids, intravenous immunoglobulins (IVIG) 0.4 g/kg 
and plasma exchange) together with clinical and electrophysi-
ological follow up (electroencephalographic monitoring) as well 
as broad differential diagnostic assessment in order to exclude 
other potential etiologies (29-31). Epileptic seizures could be 
present either in the post- COVID syndrome or as a manifesta-
tion of prolonged COVID-19 (31-33). Post-COVID syndrome 
could also have PNS involvement: acute and chronic neuropa-
thies, muscle disorders, autoimmune disorder of neuromuscular 
junction, post infectious disorders of the sensory ganglia and 
consecutive neuropathic pain (34). These disorders are immune 
mediated or could develop because of prolonged treatment of 

severe COVID-19. The most common disorders of PNS are 
autoimmune neuropathies and sometimes it is difficult to distin-
guish certain forms of Guillain-Barre syndrome from acute onset 
chronic inflammatory demyelinating polyneuropathy. In case of 
acute inflammatory polyneuropathy, special attention should be 
paid on the possible autonomic nervous system involvement. It 
is important to follow up the patient clinically as well as with the 
electroneurographic assessment and treatment should be individ-
ualized (33,34). Treatment approach according to the guidelines 
includes: IVIG 2 g/kg, corticosteroids, and plasma exchange. 
Neuropathic pain of radicular distribution could also be a part 
of post-COVID syndrome. Regardless of prior COVID-19, in 
case of suspicion on sensory ganglionopathy, diagnostic work up 
is mandatory including standardized protocol and treatment of 
consecutive neuropathic pain according to the guidelines (pre-
gabalin, gabapentin, dual antidepressants and topic analgesia if 
appropriate). In persons with PNS disorders, immune mediated 
disorders are more prevalent after COVID-19. But one should 
keep in mind possible PNS complication of prolonged stay in 
the intensive care units such as critical illness polyneuropathies of 
myopathies (34,35). 

Psychiatric manifestations of post-COVID 
conditions 
Approximately 40% of people suffering from acute COVID-19 
exhibit signs of a psychiatric disorder, including a vast spectrum 
of symptoms such as depression, anxiety, phobias, obsessive-
compulsive behavior, somatizations, insomnia and lack of 
appetite, psychoticism, hostility and interpersonal sensitivity 
(36,37). Also, elevated levels of psychiatric disturbances have 
been detected even 3 to 7 months post-illness, with a higher risk 
among women, persons who underwent intensive care treatment 
and those with longer hospitalization stays, those with multiple 
comorbidities as well as patients with more intense psychologi-
cal problems at the start of treatment (38,39). In addition, 
specific personality traits, namely depressive and cyclothymic 
temperaments and emotional dysregulation, are known predic-
tors of psychological problems in the post-COVID period (40). 
Latest research suggests that among some individuals, psychi-
atric disturbances remain up to 12 months after the onset of 
COVID-19 (41). Because of occasional delirium and psychotic/
manic symptoms in patients who were treated in intensive care 
units (42), the need for long-term psychiatric and psychological 
assessment of these individuals is more than evident. Our team 
has stressed out the importance of psychodynamic understanding 
of COVID-19 pandemic and individual reactions to this illness 
(43), as well as the necessity to promote global empathy in order 
for these patients, and the society as a whole, to achieve psycho-
logical growth (44). Evaluation and diagnostics of patients with 
post-COVID syndrome, particularly those with the elevated 
risk of developing psychiatric disorders (38-40), should include 



Review Article

RAD 552. Medical Sciences 58-59 (2022) : 70-81                       www.rad-med.com 75 June 2022   -   Vol 552 = 58-59

psychiatric check-ups and pragmatic clinical assessment via 
psychometric scales aimed at determining the intensity of psy-
chiatric symptoms. Although unidimensional scales are available, 
given the large number of different psychiatric symptoms that 
can emerge, multidimensional psychometric scales seem a better 
option (e.g., the Symptom Checklist-90-Revised - SCL-90-R). A 
downside of multidimensional scales is their length so the choice 
of psychological instruments usually depends on the broader 
clinical context and psychophysical state of the patient. These 
psychometric scales have already been used and/or validated in 
previous research with domestic clinical samples (45-47). For 
patients with post-COVID syndrome whose results suggest the 
presence of psychiatric symptoms or who seek out professional 
help, a face-to-face psychiatric appointment should be organ-
ized in the shortest possible time frame. Possible treatments 
include supportive psychotherapy, psychological counseling or 
psychoeducation by a psychiatrist or clinical psychologist. In 
the case of clinically significant psychiatric symptoms, medica-
tion therapy should be implemented based on the guidelines for 
specific psychiatric disorders. However, clinicians should always 
keep in mind the possibly complex and unique health status (i.e., 
increased risk of multiple somatic comorbidities) of each post-
COVID patient (48,49). 

Hematological manifestations of post-COVID 
conditions
The most common hematological manifestations following acute 
COVID-19 are laboratory abnormalities. Prothrombotic state, 
characterized by increased level of factor VIII and plasminogen-
activator type I inhibitor (PAI-1), can persist up to four months 
after acute COVID-19 (50). Lymphocytopenia is commonly 
seen and may persist at five weeks from the disease onset, espe-
cially in patients with severe acute COVID‐19 (51). In contrast, 
neutropenia is rare, but may present a sign of bone marrow 
suppression due to the inflammatory response (52). Thrombocy-
topenia, a well-known complication of different viral infections, 
is another commonly found disorder in patients following acute 
COVID-19, especially in elderly and patients with lymphopenia 
(53). Elevated level of D-dimer could be a useful parameter of 
prothrombotic condition, but there is no connection between 
D-dimer level and development of late venous thromboembolic 
events (VTE) (54). Most clinicians consider D-dimer levels as 
reliable parameter together with clinical predictors of VTE to 
decide the length of thromboprophylaxis. COVID-19 has been 
associated with hyperferritinemia which is linked to increased 
mortality. Levels could be increased more than 2 months after 
the acute disease (55). But, some patients will have iron defi-
ciency and anemia. COVID-19 induced coagulopathy (CIC) is 
an immune thrombotic state that develops in acute COVID-19, 
but persists in chronic COVID-19 with more prothrombotic 
incidents, less hemorrhagic events (56). Hyperinflammatory 

state develops endotheliitis and activation of coagulation cascade, 
fibrinolysis disruption, thrombin development (57,58). Risk of 
thrombotic complications in post-COVID period is probably 
related to the duration and severity of hyperinflammatory condi-
tion, but it is unknown for how long this condition could last. 
Prolonged thromboprophylaxis decreases the risk of thrombotic 
events, but increases the risk of bleeding. Results from recent 
studies have shown that the incidence of thrombotic complica-
tions in post-COVID era has not been significant, but at present 
time we don’t have a clear ratio of benefits and risks of prolonged 
thromboprophylaxis (59). Standardized tools for VTE risk assess-
ment should be used in the group of patients with higher VTE 
risk who need prolonged thromboprophylaxis, up to 6 weeks). 
Standard risk factors include active malignant disease, immobil-
ity, high BMI, recent trauma, thrombophilia, surgical procedure, 
personal or family history of VTE. Regular monitoring of blood 
results and evaluation of the individualized thrombotic risk for 
VTE are essential for both post‐acute and chronic COVID‐19 
(post-COVID) (60,61). Autoimmune thrombocytopenic 
purpura (ITP), although rarely, has been recognized as a late 
manifestation of COVID‐19, with the highest incidence 3 to 4 
weeks after the onset of COVID-19 (62).

Gastrointestinal manifestations of post-
COVID conditions
The clinical picture of gastrointestinal (GI) post-COVID 
syndrome is heterogeneous and is similar to the symptoms of 
irritable bowel syndrome (IBS) which develop after resolution 
of COVID-19 (63, 64) Some of the symptoms that may be 
present in GI post-COVID syndrome are anorexia, bloating, 
abdominal pain, constipation, diarrhea, nausea, or heartburn. In 
addition to the intestinal symptoms, milder impairment has also 
been reported in other GI organs in patients with COVID-19, 
such as liver, pancreas, or spleen. The presumed mechanism of 
hepatobiliary organ damage is use of hepatotoxic drugs (antibi-
otics, glucocorticoids, non-steroidal anti-inflammatory agents 
etc.), systemic inflammatory response, reperfusion liver damage, 
with a possible direct vital effect (65). Liver damage can be of 
various types, hepatocellular or cholestatic with possible impair-
ment of all liver enzymes (alkaline phosphatase, gamma-glutamyl 
transferase, aspartate transferase, alanine transferase). According 
to the studies, enzyme values returned to normal in most of the 
patients approximately 2 months after hospital discharge (66). It 
is important to point out that mortality in patients with liver cir-
rhosis is higher than in patients without liver cirrhosis, as shown 
by the study on 754 patients, which supports the fact of signifi-
cant impact of SARS-CoV-2 on the liver function, especially if 
there is an underlying liver damage. This is very important in risk 
stratification and predicting the complicated course of the disease 
in these patients (67). In addition to the direct viral effect on 
the GI tract, there are possible indirect complications such as GI 
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bleeding due to anticoagulant therapy, for example in patients 
treated for pulmonary embolism after SARS-CoV-2 infection 
or in patients on prophylactic anticoagulant therapy. On the 
other hand, a case of simultaneous development of pulmonary 
embolism and gastrointestinal bleeding in patients without an-
ticoagulant therapy has been described, which also supports the 
possible direct effect of the virus on intestinal cells and increased 
risk of bleeding (68). In conclusion, physicians should be aware 
of a wide range of post-COVID signs and symptoms, from IBS 
symptoms to liver damage or coagulation impairment. Also, ra-
tional drug usage could help in preventing some of the potential 
GI complications.

Nephrological manifestations of the post-
COVID conditions
SARS-CoV-2 infection exhibits signs in all organ systems, 
including kidneys. Studies have revealed kidney injury in 12% of 
patients (1). Renal complications with the need for renal replace-
ment therapies are present in 5% of all patients after COVID-19 
(69). A study including over 4700 patients recovered from acute 
COVID-19 revealed a 30% decrease in renal function within 
one year. Additionally, the authors found that patients after 
COVID-19 have double the incidence of acute kidney injury 
and end-stage renal disease three times more often than persons 
who have never had COVID-19 (70).
Dialysis patients have an increased incidence of SARS-CoV-2 
infection and higher mortality from acute COVID-19. During 
post-COVID, cachexia was described as a significant problem in 
13% of dialysis patients (71). Renal transplant recipients (RTRs) 
are a delicate patient population due to chronic immunosup-
pressive therapy. Mortality rates in recent studies approached 
20%, with mortality in patients requiring mechanical ventilation 
being around 50% (72,73). In the short-term follow-up after 
acute COVID-19, only 11.5% of RTRs were symptom-free. 
Most frequent clinical complications include shortness of breath 
(19.2%) and fatigue (11.5%), while 71.2% of participants had 
abnormal laboratory findings. Reactivations of opportunistic in-
fections were frequent (74). A recent multicentric study revealed 
that 15.9% of RTRs required hospital admission after acute 
COVID-19. Some were readmitted, but a certain proportion 
represented patients who had mild acute SARS-CoV-2 infec-
tion, which did not require hospital treatment. They developed 
significant clinical and/or laboratory complications which 
required hospital admission (75). Most frequent indications were 
pneumonia (24-5%), graft dysfunction (22.4%), sepsis (14.3%) 
and thrombotic events (10.2%). The strongest indicator of 
admission after COVID-19 was hospital admission during acute 
COVID-19, while better graft function decreased the odds of ad-
mission after acute COVID-19 (75). Different post-COVID-19 
histopathological changes, including the collapsing form of focal 
segmental glomerulosclerosis were found on indication biopsies 

of RTRs with post-COVID renal allograft dysfunction (76). Re-
nal complications are frequent during the acute COVID-19 and 
should not be neglected during the post-COVID. A structured 
multidisciplinary approach is required to avoid further deterio-
ration of kidney function in patients with acute kidney injury 
during the acute SARS-CoV-2 infection and to prevent post-
COVID complications in patients with chronic kidney disease. 

Addressing Post-COVID conditions in Primary 
Care and Family Medicine. 
Family physicians (FP) as primary care providers are often the 
first point of contact for patients experiencing potential post-
COVID symptoms (77). It is important to keep in mind that 
post-COVID syndrome has been identified not only among 
hospitalized patients with severe symptoms but also among those 
who were asymptomatic or with mild symptoms. FP should as-
sess these symptoms systematically starting with detailed history 
and physical examination, followed by judicious test ordering as 
needed. FP should be equipped to evaluate alternative etiolo-
gies of symptoms, validate symptoms as potentially related to 
post-COVID when appropriate and provide support as needed. 
Patients with post-COVID symptoms should primarily be man-
aged symptomatically in the primary care setting, avoiding over 
investigation and considering pre-existing or new comorbidities 
(78). There is a need for interdisciplinary guidelines for the di-
agnosis and management of post- COVID conditions, based on 
joined established criteria to support the provision of appropriate 
healthcare at the primary care level.

Musculoskeletal manifestations of post-COVID 
conditions
Studies from patients who contracted moderate and severe SARS 
and COVID-19 have indicated a substantial musculoskeletal 
burden of this diseases, including skeletal muscle, neurologi-
cal, bone, and joint disorders (79). Extended ventilator times 
are also known to induce proinflammatory conditions that lead 
to muscle and bone frailty, which can reduce overall quality of 
life. In addition to directly infecting cells outside of the respira-
tory tract, the inflammatory response in the airway can also lead 
to systemic inflammation that can impact nearly every organ 
system, including the musculoskeletal system (79,80). The most 
common musculoskeletal symptoms are fatigue, myalgia, and 
arthralgia. Karaarslan and colleagues in their extension cohort 
study, found that at 3 months, 89% of survivors had at least one 
symptom, 74.6% had at least one rheumatic and musculoskel-
etal symptom, and 82.1% had at least one other COVID-19 
symptom (81). At 6 months, 59.6% of survivors had at least one 
symptom, 43.2% had at least one rheumatic and musculoskel-
etal symptom, and 51.2% had at least one other COVID-19 
symptom. Regarding the rheumatic and musculoskeletal symp-
toms, 31.6% had fatigue, 18.6% had joint pain, and 15.1% 
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had myalgia; and regarding the other-COVID-19-symptoms, 
25.3% had dyspnea, 20% had hair loss, and 17.2% sweat at 6 
months. In an adjusted model, female patients were more likely 
to have fatigue (OR: 1.99, 95% CI: 1.18–3.34), myalgia (3.00, 
1.51–5.98), and joint pain (3.39, 1.78–6.50) at 6 months. Less 
is known about bone and joint than skeletal muscle disorders in 
patients with COVID-19. Arthralgias are commonly reported in 
patients with COVID-19, but are often combined with myalgias 
(81, 82), making it challenging to specifically identify arthralgia 
prevalence. The reduced BMD observed in patients with SARS 
was largely thought to be dependent on the extent and dura-
tion of treatment with glucocorticoids, which were a mainstay 
therapy that attempted to reduce inflammation during the initial 
infection and subsequent early rehabilitation and recovery period 
(83). However, decreased BMD has also been reported in other 
acute critical illnesses and may occur independently of treatment 
with glucocorticoids (84). Osteonecrosis has been frequently re-
ported in patients with severe SARS, with rates from 5% to 58% 
(79, 85). The majority of these cases involve the femoral head, 
although the knee, humeral head, talus, calcaneus, and other 
anatomical sites were affected in lower frequencies (85). Simi-
lar to osteoporosis, patients who had higher or longer doses of 
glucocorticoids had an elevated risk of developing osteonecrosis 
(79,85). Hypercoagulability has also been noted in both patients 
with COVID-19 and those with SARS, leading to large-vessel 
stroke in some patients (79, 86). The SARS-CoV-1 infection 
can also induce the expression of the E3 ubiquitin ligase gene 

TRIM55 in vascular smooth muscle cells, which is associated 
with leukocyte aggregation and blood vessel inflammation (79). 
The combination of hypercoagulability, leukocyte aggregation, 
and vessel inflammation may impair bone microvascular blood 
flow and contribute to the development of osteonecrosis.

Conclusion
The multi-organ sequelae of COVID-19 beyond the acute phase 
of infection are increasingly being recognized. Continuation of 
research, including the identification and characterization of key 
clinical, serological, imaging and epidemiologic features of COV-
ID-19 in the acute, subacute and chronic phases of disease, will 
help us to better understand the natural history and pathophysi-
ology of this new disease entity. Currently, healthcare profession-
als caring for patients after acute COVID-19 have the key role of 
recognizing, documenting, investigating and managing ongoing 
or new symptoms, as well as following up organ-specific com-
plications that developed during acute illness. Interdisciplinary 
cooperation is needed for comprehensive care of these patients in 
the outpatient setting. Given the global scale of this pandemic, it 
is apparent that the healthcare needs for patients with sequelae of 
COVID-19 will continue to increase for the foreseeable future, 
which will substantially burden the existing outpatient infra-
structure. Thus, the development of scalable healthcare models 
and integration across disciplines for improved mental and physi-
cal health of survivors of COVID-19 in the long term is needed.
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Abstract:
Melatonin is a hormone secreted 80% by epiphysis and 20% by extrapineal structures. It performs 
several functions including chronobiotic, antioxidant, oncostatic, immune modulating, normo-
thermal, and anxiolytic functions.There are numorouse studies demonstrating melatonin efficacy in 
relation to chronic pain syndromes. The present paper reviews the studies on melatonin use in various 
forms of headaches, and chronic back pain.The paper discusses the possible mechanisms of analgesia. 
Circadian rhythm normalization results in sleep improvement, which is disordered in chronic pain 
syndromes,hence there is evidence of melatonin-independent analgesic effect involving melatonin 
receptors.

Keywords: Melatonin, Chronic pain, Headache, Migraine, Tension type headache, Cluster head-
ache, Low back pain. 

Sažetak:
Terapija melatoninom u sindromu kronične boli
Melatonin je hormon kojeg secernira epifiza, ali 20% dolazi iz eksprapienalnih struktura. Melatonin je 
kronobiotik, antioksidant, antitumoroski i imunomodulirajući agens, sudjeluje u održavanju tjele-
sne temperature te ima anksiolitička svojstva. Brojne studije pokazale su i njegov analgetski učinak u 
tretiranju kroničnih bolnih sindroma. To ostvaruje prije svega normalizacijom sna, koji je dereguliran 
u pacijenata sa kroničnim bolnim sindromima, ali isto tako, melatonin ima i direktno analgetsko svo-
jstvo koje ostvaruje djelovanjem na melatoninske receptore.

Ključne riječi: melatonin, kronična bol, glavobolja, migrena, tenzijska glavobolja, klaster 
glavobolja, bol u leđima
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The presence of circadian rhythm in nature has been well known 
for a long time, introducing chronobiology in understanding of 
many processes in the human body. It was found that circadian 
rhythms are involved in each and every physiological proces, thus 
circadian rhythm disruption may result in several pathological con-
ditions, while most diseases may cause circadian desynchronization. 
Good example is chronic pain syndrome which is always associated 
with various degrees of biological rhythm desynchronization.
The biological rhythms in mammals are controlled by the 
suprachiasmatic nuclei of the hypothalamus. Another important 
organ involved in biological rhythm regulation is the epiphysis 
or the pineal gland. The epiphysis is an endocrine gland in the 
diencephalon area above the superior colliculus of the midbrain. 
The epiphysis synthesizes and secrets neurohormone melatonin, 
but there are also extrapineal sources of melatonin: cells of gas-
trointestinal tract , lungs and renal cortex, retina, lymphocytes, 
thrombocytes, mastocytes, etc. Some melatonin properties are 
well known; the others are still under study (1).
Melatonin and cortisol have chronobiological features, can 
regulate circadian rhythms, and normalize sleep and activity. 
Moreover, melatonin demonstrated antioxidant functions, which 
were laid into the foundation of its use in neurodegenerative dis-
eases, e.g., Parkinson and Alzheimer’s diseases (2). Several studies 
have revealed new melatonin properties such as anticancer and 
immune-modulating effects, the capability to improve mood 
and to decrease anxiety, to affect the cardiovascular and gastroin-
testinal system, as well as the role of melatonin in reproductive 
functions and metabolism and body mass regulation (3). 
The analgesic capabilities of melatonin have always attracted 
much interest. Contemporary therapy of chronic pain syndrome 
is in constant search for new molecules with analgesic capabili-
ties. The goal is the combination of high efficacy and good safety 
profile of a drug (4). Melatonin demonstrated efficacy and safety 
in nociceptive and neuropathic pain in several studies on animal 
models and clinical trials.
What is the underlying mechanism of this effect? On one hand, 
the normalization of circadian rhythms, which are inevitably 
disordered in chronic pain syndromes, leads to the improvement 
of sleep and activation of melatonin inherent adaptive capabili-
ties. On the other hand, there is evidence of melatonin-inherent 
analgesic effect realized through receptors and several neurotrans-
mitter systems.
There are membrane melatonin receptors MT1/ MT2 and nu-
clear melatonin receptors RZRa/ RZRb. The membrane recep-
tors involved in melatonin analgesic effect are indicated by MT1/
MT2 receptors localization in the thalamus, the hypothalamus, 
the dorsal horns of the spinal cord, the spinal trigeminal tract, 
and the trigeminal nerve nucleus.
The studies showed that melatonin has a complex analgesic ef-
fect, which is primarily based on the spinal nociception inhibi-
tion. It was suggested that melatonin can block calmodulin 

(CaM) interaction with specific enzymes (5). This evidence is of 
great importance since CaM kinase plays a crucial role in central 
sensitization. A recent experimental study evaluated the efficacy 
of a novel selective melatonin MT2 receptor partial agonist 
N-{2-([3-bromo phenyl]-4-fluorophenylamino)ethyl}acetamide 
(UCM924) in two neuropathic pain models in rats and exam-
ined its supraspinal mechanism of action. In rat L5–L6 spinal 
nerve ligation and spared nerve injury models, UCM924 (20–40 
mg/kg, subcutaneously) produced a prolonged antinociceptive 
effect that is: dose-dependent and blocked by the selective MT2 
receptor antagonist 4-phenyl-2-propionamidotetralin, superior 
to a high dose of melatonin (150 mg/kg) and comparable with 
Gabapentin (100 mg/kg) (6). Selective MT2 receptor partial 
agonists had analgesic properties through modulation of brain-
stem descending antinociceptive pathways, and MT2 receptors 
may represent a novel target in the treatment of neuropathic pain 
(6,7). 
The experiments demonstrated that the antinociceptive effects 
of melatonin at least partially involve the activation of calcium 
channels. At the cell level, melatonin activates G-protein coupled 
Kir3 channels that in turn inhibit a series of action potentials 
in neurons. Moreover, melatonin activates K+ ion release in the 
cerebellum cells, suprachiasmatic nucleus, and other areas of 
the nerve system (8). The calcium channels play a role in the 
development and maintenance of central sensitization associated 
with inflammation and neuropathic pain. Ayar et al. (9) demon-
strated that melatonin inhibits Ca2+ entry into the neurons of 
dorsal root ganglia. It results from Ca2+ channel blockade and a 
consequent decrease of intracellular free Ca2+ concentration.
There is evidence suggesting that the central effects of melatonin 
involve the facilitation of GABAergic transmission by GABA 
receptor modulation. The epiphysis is connected via afferent 
fibers with the suprachiasmatic nucleus, which in turn is con-
nected with the subparaventricular area and the dorsomedial 
nucleus. The neurons in the suprachiasmatic nucleus can provide 
both excitation and inhibition of the subparaventricular nucleus 
and the ventrolateral preoptic nucleus (these mechanisms are 
mediated by glutamate and GABA, respectively). Moreover, 
melatonin may modulate the functions of GABA receptors (10). 
The experiments revealed that melatonin increases GABA affinity 
to the receptors in a rat’s brain . Melatonin and its analogues can 
bind to GABA receptors. Moreover, melatonin increases GABA 
concentration by 50% (11). Thus, the data suggest a significant 
interconnection between melatonin and GABAergic systems, and 
some of the melatonin neuropharmacologic effects (including 
hypnotic activity) are evidently mediated through GABA recep-
tors and may be blocked by GABA antagonists.

Melatonin in Migraine
Circadian rhythm disorders play an important role in the patho-
genesis of headaches. In this situation, melatonin can decrease 
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the frequency and intensity of pain syndromes through inher-
ent analgesic mechanisms and circadian rhythm normalization. 
Melatonin receptors were found in the ganglia and nuclei of the 
trigeminal nerve, suggesting that melatonin decreases trigeminal 
vascular nociception. 3 mg of melatonin before sleep can de-
crease the frequency, intensity, and duration of pain in migraine 
patients (12). In a recent study, melatonin agonist agomelatine 
was successfully used in the treatment of migraine patients 
who took 25 mg/day of agomelatine for 3 months, leading to a 
decrease in migraine attack frequency and duration. Moreover, 
agomelatine treatment resulted in depression level decrease and 
sleep normalization in these patients (13).
Observational studies support a role for melatonin in the treat-
ment of migraine. Adults with migraine have lower melatonin 
levels on migraine days compared to non-headache days and 
those with chronic migraine have lower melatonin levels than 
those with episodic migraine (14,15). Nocturnal melatonin levels 
are lower in women with migraine with aura whose attacks occur 
around menses compared to control women.
There is also experimental evidence supporting a therapeutic role 
for melatonin in migraine prevention, though with some con-
flicting data. In a double-blind, randomized, placebo-controlled, 
3-arm trial with approximately 65 participants per arm, the 
efficacy of 3 mg of immediate release melatonin was superior to 
placebo and comparable to amitriptyline 25 mg nightly. The ob-
served reduction in headache frequency at three months was: 2.7 
in those treated with melatonin, 2.2 for amitriptyline (p=0.19), 
and 1.2 for placebo (p=0.009). The tolerability of melatonin 
was comparable to placebo and better than amitriptyline (16). 
In a pilot study of adult patients with migraine or tension-type 
headache, melatonin 4 mg appeared to be an effective dose for 
migraine prevention(17).
Melatonin may be useful in the treatment of pediatric and 
adolescent migraine. In one study, 60 pediatric and adolescent 
participants were treated with up to 6 mg melatonin nightly . At 
three months, mean(SD) migraine attack frequency decreased 
from 15.6±7.6 to 7.1±4.4 per month (18). In a smaller pediatric 
study, 14 patients were treated with 3 mg melatonin nightly. 
Ten (71%) had a ≥50% improvement in headache frequency at 
3 months (19). Melatonin was well tolerated in these pediatric 
studies: in the study where children received up to 6 mg of me-
latonin, 7(12%) had daytime sleepiness vs. 1(7%) in the smaller 
study where they received 3 mg (18,19).

Melatonin in Cluster Headaches
The pathophysiology of cluster headaches remains unclear, but 
modern concepts suggest the involvement of circadian rhythms 
in the pathogenesis of this disease; the studies revealed a decrease 
of night melatonin secretion in the cluster headache patients 
compared to the healthy controls as well as lower melatonin level 
during the cluster headache attacks compared to the remis-

sion period (20). In a clinical study, cluster headache patients 
received 10 mg of melatonin or placebo before sleep for 14 days. 
The study revealed a significant decrease in the intensity and 
frequency of attacks in the study group compared to the control 
group (21). 
In patients with episodic cluster headache, melatonin levels may 
have a reduced nocturnal peak during a cluster period, or even 
absent circadian rhythmicity (22). Cluster attacks often occur 
out of sleep (23). Hypothalamic dysfunction has been hypoth-
esized to play a pathophysiological role in cluster headache (24) 
and melatonin supplementation may help replete low endog-
enous levels during a cluster period and help to phase shift sleep.
In a randomized placebo-controlled trial consisting predomi-
nantly of episodic cluster headache patients (18/20 with episod-
ic, 2/20 with chronic), melatonin 10 mg orally, when introduced 
early in a cluster period, i.e. 2nd to 10th day, was superior to 
placebo at decreasing cluster attack frequency. In the first week of 
treatment, mean (SD) attack frequency in the melatonin group 
vs. the placebo group was 1.9±1.5 vs. 2.7±0.9 (p<0.03), and in 
the second treatment week it was 1.5±1.7 vs. 2.5±0.9 (p=0.01). 
There were 10 patients per arm; five responded to melatonin and 
the other five did not. Improvement in the responders began 
within three days of treatment initiation and by five days none 
of the responders were still having cluster attacks. No significant 
side effects were noted (21). In recent study melatonin has been 
shown to be effective in acute treatment of migraine in children 
(25). 

Melatonin in Tension Headaches
There is growing evidence that headaches are connected to 
melatonin secretion. The aim was to assess the potential effective-
ness of melatonin for primary headache prevention. Forty-nine 
patients (37 with migraine and 12 with chronic tension-type 
headache, TTH) were prescribed oral melatonin, 4 mg, 30 
minutes before bedtime for six months. Forty-one (83.6%) of 
the 49 patients completed the study. A statistically significant 
reduction in headache frequency was found between baseline and 
final follow-up after six months of treatment (p=0.033 for TTH 
patients and p<0.001 for migraineurs). The Headache Impact 
Test score was significantly reduced in both groups of head-
ache patients (p=0.002 and p<0.001, respectively). At baseline, 
melatonin levels, measured both during a headache attack and a 
pain-free period, did not differ between patients with TTH and 
migraineurs (p=0.539 and p=0.693, respectively), and no statisti-
cally significant differences in Hamilton Depression Rating Scale 
scores were found between the two groups. This pilot study 
shows promising results, in terms of headache frequency reduc-
tion and daily quality of life improvement, in both groups (26).
Migraine attacks seem to begin in the morning hours pointing 
towards a possible role of the circadian clock in migraine. Sea-
sonal and weekly distributions of migraine attacks are less clear, 
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possibly due to heterogeneity within the existing literature.
Optimal melatonin dosing for treatment of each of these head-
ache disorders may differ. Based on the range of doses reported 
to be effective for different disorders in this review, testing of 
broad dosing ranges may be needed to establish optimal dosing. 
Fortunately, even at very high doses melatonin appears to be 
remarkably safe and without serious side effects. In healthy vol-
unteers, melatonin doses of 20–100 mg orally have been given 
without adverse effects other than mild transient drowsiness 
(27). Longer-term treatment trials have also supported mela-
tonin’s excellent safety profile—for example no serious adverse 
events occurred in the 8–12-week migraine preventive trials (28), 
and longer term treatment durations of six months or more for 
migraine, sleep, and other indications have also not raised safety 
issues (29).
For migraine, 3 mg appears to be the minimum effective dose in 
adults (16), and uncontrolled data suggest a slightly higher dose 
of 4 mg may also be helpful (17). Optimal dosing in pediatric 
migraine needs study in a randomized trial, but uncontrolled 
work suggests 3–6 mg may be an effective dosing range (18,19).
For cluster headache, melatonin 10 mg (21) has been shown to 
be superior to placebo in treating cluster periods, however given 
that some patients needed doses up to 30 mg to get benefit (30), 
it is possible that higher doses in cluster headache could further 
optimize responder rate.
The optimal formulation of melatonin to use in each headache 
disorder also needs to be clarified. It is often not explicitly stated 
whether immediate release or prolonged release melatonin is 
being used in treatment trials, though when not specified it is 
probably more likely to be immediate release melatonin
It would also be worthwhile to establish the comparative efficacy 
of melatonin vs. melatonin receptor agonists, such as ramelteon, 
agomelatine and others. However, one of the potential advantag-
es to a treatment like melatonin is that, if found to be effective, 
it can be easily accessed over the counter at relatively low cost. 
Melatonin receptor agonists would require a prescription and 
have potentially higher costs to the patient and the health care 
system. Thus accessibility and cost effectiveness argue for focus-
ing research on immediate release melatonin as the first priority 
whenever it is medically appropriate to do so. Other strategies 
for improving circadian rhythms, could also be cost effective and 
merit study in primary headache disorders.
Migraine attacks seem to begin in the morning hours pointing 
towards a possible role of the circadian clock in migraine. Sea-
sonal and weekly distributions of migraine attacks are less clear, 
possibly due to heterogeneity within the existing literature (31).

Melatonin in Low Back Pain
Intervertebral disc degeneration (IDD) is the premise and 
pathological basis of a series of degenerative spinal diseases 
and the main cause of low back pain (LBP). Mechanistically, 

IDD is related to oxidative stress, insufficient autophagic flux, 
involvement of inflammatory mediators, activation of apoptosis 
pathways, and increased matrix metalloproteinases in the IVD. 
Melatonin is a natural molecule and can be a potential treatment 
for IDD by exerting multiple functions in disc cells, includ-
ing antioxidant, anti-inflammatory, autophagy-promoting, and 
anti-apoptotic effects. Accumulated in vivo studies have shown 
that administration of melatonin can alleviate IDD caused by 
fibropuncture, inflammation or oxidative stress stimulation, as 
verified by histological and imaging assessments. Melatonin fa-
cilitates the survival of cells, promotes matrix anabolism; inhibits 
vascular invasion; mitigates calcification; and accelerates damage 
repair, thereby maintaining the structural integrity and orderli-
ness of the IVD From the perspective of therapeutic strategies for 
IDD, the benefits of melatonin are comprehensive. The exist-
ing evidence supports melatonin as a potential therapy for the 
prevention and treatment of IDD (33).
The efficacy of melatonin in chronic back pain was then as-
sessed in a study involving 178 patients (aged 40–65 years) with 
lower back pain over three points measured on a visual analogue 
scale for at least 12 months. The patients were stratified into six 
groups making three comparison pairs. The patients in study 
group 1 (n = 31) took one tablet of Artra (Unipharm, Inc.; 
combination of 500 mg glucosamine hydrochloride and 500 mg 
chondroitin sulfate) twice a day for 1 month, then one tablet a 
day for 2 months and additionally Melaxen (Unipharm, Inc.; 
3 mg of melatonin 30–40 min before sleep), the patients from 
the comparison group (n = 29) took Artra only. The patients in 
comparison group 2 (n = 30) took one tablet of Artra twice a day 
and 25 mg of diclofenac 2–3 times a day. The patients in study 
group 2 (n = 30) additionally took Melaxen (3 mg of melatonin 
30–40 min before sleep). The patients in study group 3 (n = 29) 
took 25 mg of diclofenac three times a day and Melaxen (3 mg 
of melatonin 30–40 min before sleep). The patients in compari-
son group 3 (n = 29) did not take Melaxen. The results in group 
1 were evaluated in 3 months, and in groups 2 and 3 in a month. 
The findings suggested significantly more expressed decrease in 
pain both in motion and at rest in the study groups compared 
to the comparison groups. Moreover, the patients demonstrated 
less influence of pain in daily activities, a decrease in anxiety and 
depression, and sleep normalization. That led to a conclusion 
that the addition of melatonin to the standard treatment scheme 
increases its efficacy in back pain (34, 35).

Conclusion
The effects of melatonin are still being researched. Its effects in 
relation to pain were demonstrated in several experimental stud-
ies on animal models and clinical trials with patients with various 
pain syndromes. That leads to understanding that melatonin 
antinociceptive mechanisms have a complex structure. On one 
hand, being a chronobiotic melatonin restores circadian rhythm, 
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increasing the adaptive capabilities of the body. On the other 
hand, the anxiolytic effect of melatonin leads to a decrease in 
pain through the decrease of anxiety and vegetative reactions. 
There is a direct analgesic effect of melatonin on the melatonin 
receptors in the areas of the brain responsible for pain perception 
and control and on several neurotransmitter systems (GABA, 
opioid system, L-arginine/NO pathway, etc.). It is noteworthy 
that melatonin has a very high safety profile. The literature de-
scribes the potential adverse effects of melatonin, including day 

sleepiness, headaches, vertigo, abdominal discomfort, irritability, 
and confusion. However, in practice, clinical trials in various 
pain syndromes revealed an extremely low level of adverse effects. 
It is no doubt that it is too early to consider melatonin as an 
analgesic. Nevertheless, given melatonin’s potential in relation 
to both neuropathic and nociceptive pain, melatonin deserves 
special attention and may become an efficient addition to the 
existing drugs for pain syndrome treatment.
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Abstract:
Spectacular Shrinking Deficit (SSD) is a term attributed by J.P. Mohr to a rare cerebrovascular event 
defined by a rapid and dramatic improvement of major hemispheric stroke syndrome. It is presumed to 
be caused by the migration of initially embolic occlusion of an internal carotid artery or middle cerebral 
artery to its distal branches. It is only reported in several case reports, and case series with differing criteria 
of what defies an SSD meaning that its presumed prevalence rate of 7-14% of major hemispheric stroke 
syndromes could be an overestimation. It is usually associated with the cardioembolic cause of stroke, and 
it has a higher prevalence rate in younger patients, males, and nondiabetics. Our case is a 58 – year old 
male who presented to our ER with a major hemispheric stroke syndrome (deviation of head and eyes on 
the right side, central facioparesis on the left, left hemiplegia, and left hemineglect, NIHSS 16) 30 min-
utes after symptom onset. He was aggressive, insisting nothing was wrong with him. His initial brain CT 
showed acute ischemic changes in the right temporooccipital region with an inadequate filling of distal 
branches of the right MCA shown on CT brain angiography. His symptoms spectacularly improved in 
our ICU (NIHSS 0) 51 minutes from symptom onset negating the need for thrombolysis. Except for 
one positive Beta – 2 GPI test his detailed laboratory tests, 24h Holter ECG, TTE, carotid, and vertebral 
artery ultrasound were noneventful. He had no cognitive or neurological deficit. He denied the possibil-
ity of performing TEE and prolonged cardiac monitoring. Control brain MRI 4 days and 4 months later 
confirmed moderate ischemic changes of the right insular, temporal, and occipital cortex. Studies report 
that spontaneous recanalization usually happens in 17% of patients but does not correlate with TIA. This 
is the first report of an SSD with moderate ischemic stroke and no leftover neurological deficit. Other 
case series report moderate ischemic stroke SSD with a small residual neurological deficit (NIHSS 2-4). 
Perhaps mood changes can be associated with selective neuronal loss found in animals and patients suf-
fering transient occlusion of the brain artery. The cardioembolic cause can in certainty be excluded with 
TEE and prolonged cardiac monitoring.

Keywords: Stroke, Spectacular Shrinking Deficit, TIA

Sažetak:
Slučaj „spektakularnog smanjujućeg deficita“ – prikaz slučaja i kratki pregled nedostižnih 
kliničkih pojava.
Spektakularno smanjujući deficit (SSD) je izraz koji J.P. Mohr pripisuje rijetkom cerebrovaskularnom 
događaju definiranom brzim i dramatičnim poboljšanjem velikog hemisfernog moždanog udara. 
Pretpostavlja se da je uzrokovan migracijom početne embolijske okluzije unutarnje karotidne arterije ili 
srednje moždane arterije u njezine distalne grane. Prijavljen je u samo nekoliko izvještaja o slučajevima 
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i serijama slučajeva s različitim kriterijima onoga što definira SSD, što znači da bi njegova pretpostavljena 
stopa prevalencije od 7-14% velikih hemisferalnih moždanih udara mogla biti precijenjena. Obično je 
povezan s kardioembolijskim uzrokom moždanog udara, a ima veću stopu prevalencije u mlađih paci-
jenata, muškaraca i nedijabetičara. Naš slučaj je 58-godišnji muškarac koji se javio u hitnu neurološku 
ambulantu sa sindromom velikog hemisfernog moždanog udara (devijacija glave i očiju prema desnoj 
strani, centralna faciopareza s lijeve strane, lijeva hemiplegija te osjetno zanemarivanje lijeve polovice 
tijela, NIHSS 16) 30 minuta nakon pojava simptoma. Pacijent je bio agresivan, inzistirajući da s je s njim 
sve u redu. Njegov početni CT mozga pokazao je akutne ishemijske promjene u desnoj temporookcipi-
talnoj regiji s neadekvatnim punjenjem distalnih grana desne MCA prikazane na CT angiografiji mozga. 
Njegovi simptomi su se spektakularno poboljšali u našem JIL-u (NIHSS 0) 51 minutu od pojave simp-
toma negirajući potrebu za trombolizom. Osim jednog pozitivnog Beta – 2 GPI testa, njegovi detaljni 
laboratorijski testovi, 24h Holter EKG, TTE, ultrazvuk karotidnih i vertebralnih arterija su bili uredni. 
Pacijent nije imao kognitivni niti neurološki deficit. Negirao je mogućnost izvođenja TEE-a i produženog 
praćenja srčanog ritma. Kontrolni MR mozga 4 dana i 4 mjeseca kasnije potvrdio je umjerene ishemi-
jske promjene desnog inzularnog, temporalnog i okcipitalnog korteksa. Istraživanja pokazuju da se 
spontana rekanalizacija obično događa u 17% pacijenata, ali ne rezultira nužno s TIA-om. Ovo je prvi 
prikaz slučaja o SSD-u s umjerenim ishemijskim moždanim udarom i bez zaostalog neurološkog deficita. 
Drugi prikazi slučajeva pokazuju SSD s umjerenim ishemijski moždani udarom i s blagim zaostalim 
neurološkim deficitom (NIHSS 2-4). Možda promjene raspoloženja mogu biti povezane sa selektivnim 
gubitkom neurona dokazanim u životinja i pacijenata koji su bili izloženi prolaznoj okluziji velikih 
moždanih arterija. Kardioembolijski uzrok može se sa sigurnošću isključiti samo kompletnom obradom 
koja uključuje TEE i produljenim praćenjem srčanog ritma.
 
Ključne riječi: Moždani udar, Spektakularno smanjujući deficit, TIA

deficit is a source of debate with some studies defining SSD as 
a reduction in NIHSS score by 8 points, and others claiming a 
necessity of control NIHSS being ≤ 4 points. Therefore the true 
prevalence of SSD can only be presumed with estimates that it 
happens in about 7-14% of major hemispheric strokes. A study 
by Minematsu et al (2) had 14 SSD patients in 5 years, V.H. Lee 
et al. (4) had 9 (7%) of patients with SSD in 2 and a half years, 
Fujioka et al (5) reported 4 such patients in a 2 and a half year 
period, and 14 (13,5%) patients met the study criteria of SSD in 
a study by Kraemer et al. (6) (in that study all patients received 
IV thrombolysis which collides with „spontaneous“ part of SSD 
definition). It is more prevalent in younger patients (<60 years.), 
male sex, without previous history of diabetes mellitus, and with 
a potential cardiac source of emboli. Some studies think of SSD 
as a definite sign of cardiogenic brain embolism, while a study 
by V.H. Lee et al. (4) had only 2 out of 8 patients with certain 
cardioembolic stroke (4 had large artery stenosis/occlusion, and 2 
had unknown stroke cause). SSD patients have a favorable long-
term clinical outcome (4). SSD is an interesting phenomenon in 
human stroke pathophysiology with its rare clinical picture in a 
state of limbo between clinical TIA, and certain ischemic strokes 
with a clinical deficit. 
We present a case report of a spectacular shrinking deficit which 
happened 51 minutes after the stroke onset and left a moderate 
cortical ischemic stroke visible on brain MRI without clinical 
deficit.

1. Introduction
Spectacular Shrinking Deficit (SSD) is a relatively rare phenom-
enon in the field of cerebrovascular diseases. The term was first 
coined by J.P. Mohr in the mid-1980s with a typical definition of 
SSD being one of major hemispheric stroke syndrome followed 
by a rapid and dramatic spontaneous improvement of symptoms 
within a couple of hours from stroke onset with discrete or no 
clinical residual deficit (1). Major hemispheric stroke syndrome 
encompasses major neurological deficits such as aphasia, severe 
hemiparesis/hemiplegia with or without sensory symptoms, and 
cortical signs (gaze deviation, aphasia, neglect) with or without 
disturbed consciousness. 
It is presumed that SSD comes about because of a migration of 
initially embolic occlusion of an internal carotid artery or middle 
cerebral artery to its distal branches (2). Clinical improvement 
is then possible thanks to the acute reperfusion of ischemic 
brain tissue in contrast to delayed reperfusion which gives rise 
to potential intracerebral hematoma (3). Reports about SSD in 
humans are scarce and are limited to several case reports, case 
series, and retrospective cross-sectional studies. Time constraint 
from stroke onset to the improvement of deficit necessary to 
fit in a definition of SSD is different from study to study (one 
study puts a time constraint necessary for diagnosing SSD to 
6h from stroke onset, one requires it to be in an initial couple 
of hours, while another one acknowledges it to happen in a 
matter of days). Besides time a recovery level of neurological 



Review + Case Article

RAD 552. Medical Sciences 58-59 (2022) : 88-94                       www.rad-med.com 90 June 2022   -   Vol 552 = 58-59

2. Case report
A 58- year-old right-handed man was reported to our ED with 
severe hemispheric stroke. By anamnestic accounts from his wife, 
the symptoms of our patient started around half an hour before 
arriving in our ED. The patient first experienced a sudden onset 
of severe headache after which his wife saw that he had profound 
weakness in his left extremities, and he became confused and 
agitated. He supposedly moved his left extremities with extreme 
awkwardness, unaware of his deficit, and attempted to drive a 
vehicle that alarmed his partner and prompted her to call an am-
bulance. The patient was aggressive insisting that there was noth-
ing wrong with him. On arrival in our ED emergency neurolo-
gist was paged and in initial examination witnessed a deviation 
of head and eyes on the right side, central facioparesis on the 
left, left hemiplegia, and left hemineglect with an overall NIHSS 
score of 16. Initial CT (45 minutes from symptom onset) of the 
brain showed acute ischemic changes in the right temporoocipi-
tal region while CT angiography of the brain did not show ade-
quate filling of distal branches of right MCA corresponding to is-
chemic areas (Figures 1. and 2.). Emergency laboratory tests and 
chest X-ray were of no significance. The patient fulfilled all cri-
teria for thrombolysis treatment. While transporting the patient 
to our neurologic ICU and preparing him for an administration 
of IV thrombolysis the patient had a spectacular improvement of 
neurological deficits. All of his deficit had resolved with a control 
NIHSS score of zero. His neurological deficit was present during 
the 30 minutes before coming to ED, 15 minutes during the 
door to CT further 6 minutes from CT to ICU with a total of 
51 minutes of large hemispheric syndrome deficit. While hospi-
talized the patient was agitated being convinced he did not have 
a stroke, and it was all a misunderstanding on behalf of his wife 
and all of the medical staff. Anamnestically from his medical his-
tory we found that patient had no chronic illnesses but had one 
episode of unspecified arterial thrombosis in his left leg 25 years 
before the incident. He said his father supposedly had throm-
bophilia but was unaware of serious neurological illnesses in the 
family. We excluded potential cardiac sources of emboli in our 
patient with nonsignificant findings in transthoracic echocardi-
ography, while the patient declined to perform transesophageal 
echocardiography. 24- hour Holter ECG did not report aberra-
tions of heart rhythm, with patient refusing to do a prolonged 
cardiac monitoring after hospitalization. We excluded potential 
carotid or vertebral artery stenosis with Doppler ultrasound 
of the aforementioned arteries and with the before-mentioned 
CT angiography. Detailed laboratory tests were done searching 
for potential risk factors for ischemic stroke including standard 
biochemical tests (glucose, lipids, hormones), inflammatory, au-
toimmune, hematological, and neoplastic tests, all of which came 
normal. Genetic testing was noneventful except for Beta 2 – GPI 
which was positive in one testing sample. Aditional brain MRI (5 
days from symptom onset) showed supratentorial right temporal, 

parietal, caudal insular, and lateral occipital voluminous cortex 
which was hypointense on T1, hyperintense on T2, and FLAIR 
sequences with DWI, and ADC sequences showing restriction of 
diffusion (Figure 3. and 4.). The imaging correlated to ischemic 
changes in an early subacute stage. Head of right n. caudatus had 
also had an increased signal on DWI sequence, discreetly hy-
pointense signal on ADC sequence corroborating acute ischemia. 
Right putamen had also shown discreetly higher signal on T2, 
and FLAIR sequences, and discreetly hypointense signal on T1 
sequence with a slightly higher signal on DWI sequence attrib-
uted to acute ischemic changes. The patient was categorized as 
an unknown cause of ischemic stroke (possible antiphospholipid 
syndrome, at least 2 tests 12 weeks apart were needed to confirm 
the diagnosis), and was released from hospitalization with no 
neurological deficit (mRS 0, Barthel Index 100), and with dual 
anti-aggregation therapy prescribed. He was to conduct a control 
MRI of the brain four months after the hospitalization, control 
Beta 2 – GPI test 12 weeks after the hospitalization with referral 
to a rheumatologist, and afterward report to a cerebrovascular 
infirmary. The patient did a control MRI of the brain 4 months 
after the hospitalization which showed chronic gliotic, and 
malacial postischemic changes on the right insular, temporal, 
and occipital cortex with extensive zones of postischemic laminar 
cortical necrosis in the mentioned area. N. caudatus dex. had 
normal signal intensity and volume without the signs of chronic 
postischemic changes (Figure 5.-6.). The patient was without 
any neurological deficit. At the time of writing this report, the 
patient did not do a control Beta 2 GPI test.
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 Figure 1. Initial emergancy brain CT (45 minutes after the onset of symptoms).
Figure 2. Emergancy CT angiography (45 minutes after the onset of symptoms).

Figure 3. (T1W), 4. (T2W), and 5. (T2W) Show brain MRI 4 days after the onset of symptoms.
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3. Discussion

Our patient satisfied even the most rigorous definitions of SSD 
with a spontaneous drop in NIHSS score from 16 to 0 in less 
than an hour. The evolution of his clinical picture would be fol-
lowing a theory of spontaneous breaking of occluding embolus 
which initially occluded right MCA and then spontaneously re-
canalized with fragments of the emboly clogging distal branches 
of right MCA. A review by H.K. Moussa finds that spontaneous 
recanalization in the first 6 to 8 hours happens in approximately 
17% of patients but spontaneous recanalization did not necessar-
ily correlate with clinical TIA (7). What differentiates this from 
„plain old“ TIA is the fact that the ischemic changes of brain 
parenchyma were without the doubt present in all neuroimag-
ing studies (let alone the fact that the ischemic changes were 
present on MSCT 40 minutes from stroke onset, and preserved 
on control MRI studies 4 months later). Ischemic changes being 
confirmed by follow-up MRI 4 months after stroke were present 
in the right posterior insular gyrus, middle, inferior, and superior 
temporal gyrus, and lateral occipital cortex which constitutes 
moderate ischemic stroke. According to the affected brain pa-
renchyma our patient should have by all logic exhibited at least 

some of the symptoms such as inability to judge spatial relation-
ships, agnosia for sounds, emotional and behavioral changes, 
delirium, and disturbances of time perception, left homonymous 
hemianopia, and loss of visual orientation (8,9,10) That being 
said our patient was oriented in time and space, emotionally sta-
ble, used his smartphone to listen to music without difficulties, 
and walked on our Department with excellent spatial orienta-
tion. 
Being satisfied with our patient’s complete reversal of deficit, and 
witnessing his overall normal cognitive functioning on subjective 
examiners terms we did not test our patient with some of the 
more profound neuropsychological tests (8). Our patient quite 
possibly had an arterial thrombosis caused by an antiphospho-
lipid syndrome, but being that two independent tests of Beta 
2 GPI 12 weeks apart are needed to confirm the diagnosis we 
couldn’t make a final diagnosis (11). 24 h ECG and transthoracic 
echocardiography were uneventful meaning we couldn’t make a 
usual association between SSD and cardioembolic stroke. Previ-
ous studies of embolic stroke of unknown source have found that 
prolonged heart monitoring reveals paroxysmal atrial fibrillation 
in 16,1% of patients compared to 3,2% in control group when 
other causes are excluded (12). Of 14 reported cases of SSD in a 

 

 
Figures 6. (T1W) and 7. (T2W) show MRI 4 months after the onset of symptoms with gliotic and malacial changes in right posterior insular gyrus, 

inferior, medial, and superior temporal gyrus, and lateral occipital cortex. Right nucleus caudatus showed no postischemic changes. 
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study by Minematsu et al. only 2 patients had moderate is-
chemic stroke visible on brain CT, all the others had punctiform 
ischemia in basal ganglia or cortex. Of patients with a moder-
ate ischemic stroke, one of them had mRS 0 upon release from 
hospital (recovery after 4 hrs), while the other one had mRS 3 
(recovery after 8 hrs). Only 3 of 14 patients were women, and 
only one patient did not have a definitive cardioembolic cause 
of stroke (2). V.H. Lee et al. reported 8 eligible SSD patients (7 
men, 1 woman), with a mean age of 62 years, a mean time to 
dramatic recovery of 3.4 hrs. 5 patients met the criteria for TIA 
while the other 3 patients were diagnosed with minor ischemic 
stroke (NIHSS score ranging from 2-4). Of those 5 patients 
(control NIHSS score 0) reported only one had moderate 
subcortical ischemia on MRI DWI while the others had puncti-
form subcortical ischemia. All 5 had initially moderate perfusion 
cortical lesion on CTP which subsided with time. Fujioka et al. 
reported 4 SSD patients (recovery of symptoms began within 60 
minutes) with no abnormal findings on initial CT, and only 1 
patient having left frontal cortical and external capsular infarct 
on initial MRI, with others having normal MRI obtained on 
day 2-3 after stroke. Further serial MRI studies reported delayed 
lesions with hyperintensity on T1W and hypointensity on T2W 
MRI in the caudoputamen of all patients, and cerebral cortex 
in 2 patients. These lesions appeared clearly between 1 and 3 
weeks after stroke, and gradually faded with atrophy of affected 
structures. Termed „delayed ischemic hyperintensity on T1W 
MRI“ (DIH) it is speculated that it perhaps represents a selective 
neuronal loss or biochemical changes due to incomplete ischemia 
(5). Previous studies have found that transient occlusion of brain 
arteries both in experimental animals and in human patients 
causes selective neuronal loss (SNL) with most of the glial cells 
preserved together with some of the neurons leading to tissue 
atrophy without cavitation. Recanalization causes resolution of 
obvious clinical symptoms while SNL is supposedly connected to 
subtle behavioral and mood impairments (13,14,15,16). F.A.A. 
Gondim et al. report shows the width of this phenomenon with 
a patient whose major hemispheric stroke both clinically and 
neuroradiologically is recovered in 10 days to minimal residual 
ischemia with minor symptoms (17). Y. Terasawa et al. report 
a patient with SSD (NIHSS 15 to 0 in 24 hrs) whose DWI le-
sion in corona radiata resolved on follow-up MRI (2.5 hrs from 
onset) with persistent MCA occlusion. His follow-up MRI 24 
hrs after onset revealed recanalization of MCA and multiple 
DWI hyperintense lesions in the MCA area without clinical 
deficit presuming that immediate opening of the leptomeningeal 
anastomosis with still occluded MCA caused initial saving of 
tissue (18). Even though reversal of symptoms may seem like a 
guarantee of a good outcome a study by V. Rajajee et al. bears 
a warning. Their study has shown that 1 in 10 patients with 
rapid improvement of motor symptoms and without treatment 
deteriorate in the next 48 hours, and 1 in 5 patients is discharged 

with poor functional outcomes. They found that a persisting 
large vessel occlusion is a major predictor of early neurologic 
deterioration, but those patients without one can safely be man-
aged conservatively (19).   

In conclusion, a lot can still be learned about the pathophysiol-
ogy of ischemic stroke. Being that major hemispheric stroke has 
usually dismal outcomes SSD still amazes clinicians with its ma-
jor or complete reversal of all deficits. Ischemic stroke and TIA 
are usually clearly defined opposites of a spectrum in between 
which there are still less explored territories. To our knowledge, 
this is the first presentation of an SSD patient with clear moder-
ate ischemic stroke and ischemic necrosis visible on the control 
MRI without neurological deficit. Our patient failed to grasp 
that he had a serious incident despite our explanation showing 
that these situations need to be presented to both clinicians and 
patients. Thorough testing needs to be done to exclude the cardi-
oembolic cause of SSD.
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Abstract:
Introduction: Streptococcus pneumoniae (pneumococcus), is a Gram-positive, spherical bacteria, 
member of the genus Streptococcus. It resides asymptomatically in healthy carriers typically colonizing 
the respiratory tract, sinuses, and nasal cavity. However, in susceptible individuals with weaker im-
mune systems, pneumococcus may become pathogenic and spread to other locations causing cardiores-
piratory and bone diseases as well as meningitis. Encephalitis and brain abscesses caused by Streptococ-
cus pneumoniae are rare entities and they account for less than 1% of all bacterial brain abscesses.
Purpose: We aim to present a case report of an acute encephalitis in a 16 years old female patient 
caused by Streptococcus pneumoniae, with review of the literature.
Case Report: A 16 years old, right-handed female, was hospitalized at the clinic due to impaired con-
sciousness (coma) and decerebrate posturing. The symptoms started the previous days with vomiting, 
drowsiness, subfebrile temperature and were originally perceived as food poisoning. Laboratory blood 
analysis were normal at the beginning and despite supportive therapy, deterioration of the clinical con-
dition occurred, followed by confusion, muscle weakness and collapse. These symptoms were initially 
addressed as a functional neurological symptom disorder and the patient was referred to a psychiatrist. 
However, the patient’s condition got worse, with febrile symptoms, while the control laboratory blood 
examination showed signs of infectious syndrome. The patient was seen by infectologist and COV-
ID-19 test was performed, with negative result. The analysis of CSF found bacterial infiltration, while 
the PCR test isolated Streptococcus pneumoniae. MRI of the brain (native and with contrast) showed 
bilateral multiple microabscesses, predominantly in the frontal and parietal regions. After the diagnosis 
was confirmed, the patient was treated promptly with antiedematous, antibiotic, neuroprotective and 
other symptomatic therapy for a period of 2 months. Her condition gradually improved completely, 
with amelioration of the state of consciousness and muscle weakness as well. Control laboratory blood 
analysis and CSF examination showed improvement as well, while the MRI of the brain displayed 
reduction of the previously described lesions and edema.
Conclusion: The atypical clinical picture may sometimes mislead the treating physician. Cases with 
encephalitis caused by Streptococcus pneumoniae have been rarely described in the literature, however, 
early recognition and adequate treatment are crucial for the positive outcome.

Keywords: encephalitis, brain abscess, Streptococcus pneumoniae

Sažetak:
Akutni encefalitis uzrokovan Streptococcus pneumoniae: prikaz slučaja i pregled literature
Uvod: Streptococcus pneumoniae (pneumokok), je gram-pozitivna, sferna bakterija, pripadnik roda 
Streptococcus. Asimptomatski se nalazi u zdravih nositelja koji tipično koloniziraju respiratorni trakt, 
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sinuse i nosnu šupljinu. Međutim, u osjetljivih osoba sa slabijim imunološkim sustavom, pneumokok 
može postati patogen i proširiti se na druga mjesta uzrokujući kardiorespiratorne i koštane bolesti, kao 
i meningitis. Encefalitis i moždani apscesi uzrokovani Streptococcus pneumoniae rijetki su entiteti i 
čine manje od 1% svih bakterijskih apscesa mozga.
Svrha: Cilj nam je prikazati prikaz slučaja akutnog encefalitisa u bolesnice stare 16 godina uzrokovanog 
Streptococcus pneumoniae, uz pregled literature.
Prikaz slučaja: 16-godišnjakinja, dešnjakinja, hospitalizirana je u klinici zbog poremećaja svijesti 
(kome) i decerebracije. Simptomi su započeli prethodnih dana povraćanjem, pospanošću, subfe-
brilnom temperaturom i prvotno su percipirani kao trovanje hranom. Laboratorijske analize krvi u 
početku su bile normalne, a unatoč potpornoj terapiji došlo je do pogoršanja kliničkog stanja, kon-
fuzije, slabosti mišića i kolapsa. Ovi simptomi su u početku tretirani kao poremećaj funkcionalnih 
neuroloških simptoma i pacijent je upućen psihijatru. Međutim, stanje bolesnika se pogoršalo, s 
febrilnim simptomima, a kontrolni laboratorijski pregled krvi pokazao je znakove infektivnog sindro-
ma. Pacijenticu je pregledao infektolog i urađen test na COVID-19, s negativnim nalazom. Analizom 
likvora utvrđena je bakterijska infiltracija, dok je PCR testom izoliran Streptococcus pneumoniae. 
MRI mozga (nativni i s kontrastom) pokazao je bilateralne višestruke mikroapscese, pretežno u frontal-
noj i parijetalnoj regiji. Nakon potvrde dijagnoze, pacijent je odmah liječen antiedematoznom, antibi-
otskom, neuroprotektivnom i drugom simptomatskom terapijom u trajanju od 2 mjeseca. Stanje joj se 
postupno potpuno popravljalo, uz poboljšanje stanja svijesti i slabost mišića. Kontrolna laboratorijska 
analiza krvi i pregled likvora također su pokazali poboljšanje, dok je MR mozga pokazao smanjenje 
prethodno opisanih lezija i edema.
Zaključak: Netipična klinička slika ponekad može dovesti u zabludu liječnika. Slučajevi s encefalitisom 
uzrokovanim Streptococcus pneumoniae rijetko su opisani u literaturi, međutim, rano prepoznavanje i 
adekvatno liječenje ključni su za pozitivan ishod.

Ključne riječi: encefalitis, apsces mozga, Streptococcus pneumoniae

negative meningeal signs. Babinski sign was positive bilater-
ally. Blood pressure was 160/90mmHg. ECG was with sinus 
rhythm and she had vesicular breathing. Her medical history was 
negative for any past diseases nor known allergies. The patient 
was COVID-19 negative, and she was not vaccinated. No other 
recent infections or immunizations were noted. 

Clinical course of the disease 
Several days before admission, the patient had symptoms of 
nausea, vomiting (several times), general weakness, headache and 
subfebrile temperature (37°C). Initially these symptoms were 
attributed to alimentary intoxication and she was treated with 
antibiotic and vitamin therapy. 
However, her condition progressed with impaired consciousness, 
disorientation and somnolence, muscle weakness, vomiting and 
collapse. Laboratory blood analysis showed increased leuco-
cytes -26.40 10^9L (3.5-10), neutrofiles – 25 10^9L( 1.2-6.8), 
lymphocytes 0.70 10^9L (1.2-3.2), monocytes 0.50 10^9L 
(0.3-0.8) and C-reactive protein (CRP)- 180.50 mg/L (0.0-6.0). 
Echosonography of the abdomen was normal. In the local urgent 
center the symptomatic therapy was continued, but the patient 
deteriorated with occurrence of discoordinated movements 
and was sent for a psychiatric examination. But, the infectious 

Introduction
Encephalitis is an inflammation of the brain parenchyma that 
presents as diffuse and/or focal neuropsychological dysfunc-
tion. It primarily involves the brain, however, the meninges are 
frequently involved (meningoencephalitis). The cause of en-
cephalitis is usually infectious in nature. Most cases are caused by 
viruses, although bacterial, fungal and autoimmune disorders can 
also produce encephalitis. Streptococcus pneumoniae (pneumo-
coccus), is a Gram-positive, spherical bacteria, member of the ge-
nus Streptococcus. It resides asymptomatically in healthy carriers 
typically colonizing the respiratory tract, sinuses, and nasal 
cavity. However, in susceptible individuals with weaker immune 
systems, pneumococcus may become pathogenic and spread 
to other locations causing cardiorespiratory and bone diseases 
as well as meningitis. Encephalitis and brain abscesses caused 
by Streptococcus pneumoniae are rare entities and they account 
for less than 1% of all bacterial brain abscesses (1).

Case description
We present a 16 years old patient, who was hospitalized due to 
consciousness impairment. On initial examination, she was co-
matous with Glasgow Coma Scale (GSC) of 3, with decerebrate 
posturing, deviated eyes to the right, without neck stiffness, with 
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syndrome (febrile temperature – 38.5°C) persisted, the patient 
became soporous and was finally sent to an infectologist. Several 
investigations were performed, such as rapid antigen test for 
COVID-19 which was negative, Rtg of the lungs and brain CT 
were normal (Figure 1). On lumbar puncture purulent CSF was 
noted, Pandy positive, with 6300 elements, 0.10 lymphocytes, 
17,6 mmol/L (1,2-2,1) lactates, 10,4 g/L (0,12-0,60) albumins, 
sacharides- 1,1 mmol/L (2,2-3,9). M-Real time PVR discov-
ered Streptococcus pneumoniae and diagnosis of acute bacterial 
encephalitis was established. Since the clinic for infectious disease 
was a COVID center at the time, the patient was transferred to 

the clinic of neurology where she was hospitalized. After several 
days magnetic resonance of the brain (native and with contrast) 
was performed, that showed multiple, hypersignal lesions in the 
white matter as well as subcortically, distributed dominantly in 
the frontal and parietal regions, as well as temporally and oc-
cipitally, with presence of perifocal oedema, in both hemispheres 
(Figure 2). Electroencephalography (EEG) was performed after 
2 weeks and it showed that the basic brain activity is symmetric 
and reactible, with occasional asynchronic and diffuse isolated 
spikes and sharp waves, without clear lateralization and location 
of the changes (Figure 3).

 
 Figure 1. Initial brain CT scan, with normal findings

Figure 2. MRI of the brain, showing microabscesses of 
septic character. On the postcontrast series there are nu-
merous, nodular, linear areas of contrast enhancement. 
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Figure 3. EEG findings

Table 1. CSF characteristics of different types of encephalitis

 
 

CSF analysis Bacterial Tuberculosis Viral Fungal Aseptic

Color cloudy Cloudy clear clear clear/cloudy

Glycosis increased Decreased decreased normal decreased

Proteins increased Increased normal normal normal

Elements
increased
neutrophil 
dominant

increased
lymphocytes 
dominant

increased 
lymphocytes 
dominant

increased 
lymphocites 
dominant

Increased 
neutrophil 
dominant

Treatment of the patient included antiedematous therapy 
(manitol, corticosteroids) and intravenous antibiotic therapy 
according to protocol : Metronidazol (for a period of 3 weeks) 
and Ceftriaxone with Vankomycin (for a period od 6 weeks). 
Afterwards, treatment with Meropenem was continued for 2 
weeks. Neuroprotective treatment with infusions Amantadine 
sulfate was provided for a period of 2 weeks, and peroral treat-
ment with MLC901 was started and recommended for a period 

of 3 months. Control laboratory blood analysis as well as CSF 
analysis showed improvement, with gradual normalization of the 
values (Leucocytes - 21...15...14...9.2 10^9 L (with neutrophylic 
domination); CRP- 162...154…10…4…0.6mg/dL; D-dimer- 
804…3025….286…300). Control MRI of the brain showed 
signs of regression of the changes with decreased number and 
reduction of the perifocal edema. The physical and neurological 
condition of the patient gradually improved during the hospitali-
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zation period of 2 months. She regained her consciousness, and 
has nor residual motor nor cognitive deficit. 

Discussion
Bacterial encephalitis and/or brain abscess caused by Streptococ-
cus pneumoniae is an extremely rare condition. Our case was 
defined by positive M-Real time PVR for Streptococcus pneu-
moniae isolated from CSF and MRI findings that demonstrated 
lesions compatible with the radiological features of a brain 
abscess. There are only few cases described in the literature. 
Jorens et al. (2) reported on three adult patients with menin-
goencephalitis caused by Streptococcus pneumoniae. In all three, 
CT and MRI revealed widespread brain lesions, suggesting 
extensive parenchymal injury. Diffusion-weighted MRI showed 
lesions with restricted diffusion, reflecting local areas of ischae-
mia with cytotoxic oedema secondary to an immunologically 
mediated necrotising vasculitis and thrombosis. High levels of 
markers of neuronal, glial and myelin damage were found in the 
cerebrospinal fluid. Their patients were treated with pulse doses 
of glucocorticoids which resulted in dramatic clinical improve-
ment and an excellent final neurological recovery. 
The same author (3) also reported another case of a 7-month-old 
child with meningoencephalitis caused by Streptococcus pneu-
moniae. Peculiar, widespread and unique signal abnormalities 
were found on MRI with extensive central nervous white matter 
injury as well as evidence of thrombosis of the lateral transverse 
sinus. These changes were observed very early in the course of the 
illness, presumably reflecting widespread cytotoxic edema, vas-
culitis and acute demyelination. These lesions occurred despite 
appropriate antibiotic and anti-inflammatory (glucocorticoid) 
therapy started very early in the course of the disease. 
Magnus et al. (4) reported an exceptional case of a 4-month-old 
boy with meningoencephalitis caused by Streptococcus pneumo-
niae. CT and MRI examinations of the brain showed bilateral 
symmetrical necrosis involving the lentiform and caudate nuclei, 
as well as the thalamus. T1-weighted MR images showed patchy 
areas of increased signal intensity, consistent with hemorrhagic 
transformation of the lesions. Autopsy revealed widespread ne-
crosis of the basal ganglia with clear signs of vasculitis. 
Bakar and Hakki Tekkok (5) described a 56-year-old man pre-
sented with blurred vision. Two days after uneventful surgery, the 
patient became hyperpyrexic which progressed to confusion and 
lethargy within 48 hours. Spinal fluid cultures revealed Strepto-
coccus pneumoniae. The patient was treated appropriately and 
made an uneventful recovery. MR images showed persistent 
changes within both frontal lobes. This case further suggests that 
peri-operative antimicrobial chemoprophylaxis may not save the 
patient from serious surgical infections.
Belodu et al. (6) have described a man who presented with the 
signs and symptoms of a mass lesion which was localized to 
the temporal lobe. The clinical examination and computerized 

tomography revealed the diagnosis of a temporal abscess. The 
loculated mass was tapped and it was sent for histopathology, 
which confirmed the presence of an organizing abscess. A labora-
tory investigation of the pus revealed Streptococcus pneumoniae. 
The treatment included total excision and the administration 
of prolonged antibiotics, which led to a good outcome in the 
patient. 
According to the recommendations, until the arrival of the 
results of the diagnostic investigations, empirical treatment of 
the encephalitis should be started, which is based on the clinical 
picture and epidemiological factors (7). Also, 1-2 weeks after the 
treatment, a control MRI of the brain should be performed for 
evaluation of the condition. In cases where the number of ab-
scesses is increased, neurosurgical intervention is recommended 
(aspiration/excision of the abscess). 

When should we think of encephalitis? We need to obtain good 
anamnesis (heteroanamnesis) with precise data regarding type 
and onset of symptoms and presence of previous infections. 
Clinical presentation consists of headache, vomiting, increased 
body temperature, impaired consciousness and epileptic sei-
zures. Diagnostic investigations that should be performed and 
included in the differential diagnosis are infectous (bacterial, 
viral, parasites), autoimmune (ADEM, NMDAR, AMPAR, 
GABABR, LGI1, CASPR2), toxines/metabolic (hyper/hypoglyce-
mia, hyponatriemia, uremia, Wernicke encephalopathy), vascular 
(ischemic/hemoragic stroke, cerebral sinus venous thrombosis, 
subarachnoidal haemorrhage), neoplastic and psychiatric exami-
nations. 
CSF investigation in bacterial encephalitis show cloudy (pyo-
genic) appearance, with increased level of glycosis, proteins and 
elements (Table 1).

EEG is an important diagnostic and monitoring tool to consider 
in the management of different types of encephalitis. There is 
no pathognomonic EEG pattern for any type of encephalitis. In 
general, viral encephalitis has slow background rhythms along 
with the presence of focal epileptogenic discharges. 

MRI of the brain does not show specific characteristics in 
encephalitis, only presence of edema and increased T2 signal. 
In case of abscess, there is hypersignal in T1 and hyposignal in 
DWI with surrounding oedema. ADEM can be considered as 
a differential diagnosis of encephalitis, where there are multifo-
cal hyperintense changes in T2 sequence, localized supra and 
infratentorially with involvement of structures in the grey matter, 
especially thalamus and basal ganglia.  

Prognosis
Despite timely recognition and treatment, mortality in bacterial 
encephalitis with abscesses is high (20%) and it increases with 
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the expanding of the number of abscesses. If intraventricular 
rupture of the abscess occurs, the mortality is increasing. Mortal-
ity in these pathologies is also associated with age, comorbidities 
and haematogenic dissemination of the infection. In 40% of the 
survivors, there are permanent neurological consequences, such 
as symptomatic epilepsy and neurological and cognitive deficits 
(behavioural changes, cognitive impairment, disturbed memory). 

Conclusion
Early recognition and prompt treatment of acute encephalitis 
caused by Streptococcus pneumoniae are needed in order to 
provide favourable outcome of the patients.
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Abstract:
Strokes in young adults are relatively rare. We present a 36-year old female patient, who came to the 
urgent neurological outpatient office of the Clinic for neurology due to symptoms presented two 
hours prior to the examination. The symptoms consisted of inability to move the left arm, partial mo-
tor weakness of the left leg, slurred speech and difficulty swallowing. The urgent CT scan result was 
normal. Despite the fulfilled conditions, thrombolysis was not possible. Brain MRI results revealed a 
small hypersignal lesion in FLAIR with diffusion restriction on the right, cortically to subcortically, in 
gyrus praecentralis. The genetic testing for cardiovascular diseases showed that the patient is a ho-
mozygote for the mutation C677T (OMIM® 607093.0003) in the gene for methylenetetrahydrofolate 
reductase (MTHFR) and heterozygote for the mutations eNOS G894T and LTA. The following gene 
polymorphisms were typed: PAI 5G/4G, HPA1 1b/1a, ACE deletion/insertion, EPCR A4600G A/A, 
EPCR G4678C C/G and APOE E3/E4. Trans-esophageal echocardiography discovered an aneurysm 
of the interatrial septum, with a present PFO channel, with a diameter of 6.8 mm. The bubble test was 
positive, and there were no visible thrombi in the left auricle. The cardiologist recommended closing 
of the PFO with a device and therapy with acetylsalicylic acid. The cause of the stroke was found and 
measures for secondary prevention were taken. The patient has returned to her work and private obli-
gations. She upholds neurological consultations regularly and her recovery is closely observed.

Keywords: ischaemic stroke, young adult, patent foramen ovale, MTHFR, C677T homozygote

Sažetak:
Mlada ženska odrasla osoba s ishemijskim moždanim udarom i otvorenim foramen ovale: prikaz 
slučaja i pregled literature
Moždani udar u mladih osoba je relativno rijedak. Predstavljamo 36-godišnju pacijenticu, koja je došla 
u urgentnu neurološku ambulantu Klinike za neurologiju zbog simptoma koji su se prezentirali dva 
sata prije pregleda. Simptomi su se sastojali od nemogućnsti pokretanja lijeve ruke, djelomične mo-
torne slabosti lijeve noge, nerazgovjetnog govora i nemogućnosti gutanja. Rezultat hitne kompjuterske 
tomografije bio je normalan. Unatoč ispunjenim uvjetima, tromboliza nije bila moguća. Pacijentica je 
bila postavljena na konzervativnu terapiju za moždani udar. Rezultati magnetske rezonancije mozga 
su otkrili malu hipersignalnu leziju u FLAIR s restrikcijom difuzije desno, kortiko-subkortikalno, u 
precentralnom girusu. Genetsko testiranje za kardiovaskularne bolesti je pokazalo da je pacijentica 
homozigot za mutaciju C677T (OMIM® 607093.0003) u genu za metilentetrahidrofolat reduktazu 
(MTHFR) i heterozigot za mutacije eNOS G894T i LTA. Slijedeći genski polimorfizmi su bili tipizi-
rani: PAI 5G/4G, HPA1 1b/1a, ACE delecija/insercija, EPCR A4600G A/A, EPCR G4678C C/G i 
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APOE E3/E4. Transezofagealna ehokardiografija je otkrila aneurizmu interatrijskog septum, s prisut-
nim PFO kanalom, s promjerom od 6,8 mm. Test mjehurićima bio je pozitivan, i nije bilo vidljivih 
ugrušaka u lijevoj aurikuli. Kardiolog je preporučio zatvaranje PFO uređajem i terapiju acetilsalicil-
nom kiselinom. Razlog za moždani udar je pronađen i poduzete su mjere za sekundarnu prevenciju. 
Pacijentica se vratila svojim radnim i privatnim obvezama. Redovno dolazi na neurološke konzultacije i 
neprekidno pratimo njen oporavak.

Ključne riječi: ishemijski moždani udar, mlada odrasla osoba, otvoreni foramen ovale, MTHFR, 
C677T homozigot

fulfilled, whereas no contraindications were detected. For mild 
disabling stroke symptoms, IV thrombolysis may be reasonable 
for patients who can be treated within 3 h – 4.5 h of ischemic 
stroke onset or patients last time known well (5).

Introduction
Strokes in young adults are relatively rare. Although the incidence 
of ischaemic stroke increases with age, an estimated 10% to 20% 
of these events occur in young people aged 18 to 50 years (1). 
Incidence of any stroke in the young increases with age in patients 
over 35, is higher in women than men aged 18 – 44 years, and has 
increased by 23% in one decade, through an increase in ischemic 
stroke (2). While there is a large and increasing amount of evi-
dence that ischemic stroke incidence is on the rise in young adults, 
the reasons for this trend are probably multiple (3). This disorder 
is a major cause of long-term disability and has profound effect on 
quality of life of patients and caregivers (4).

Case description
We present a 36-year old female patient, who came to the urgent 
neurological outpatient office of the Clinic for neurology in 
March 2022 due to symptoms presented two hours prior to the 
examination. The symptoms consisted of inability to move the 
left arm, partial motor weakness of the left leg, slurred speech 
and difficulty swallowing.
The patient is married, mother of two children, works as a nurse, 
light smoker (8 – 9 cigarettes a day), with very limited alcohol 
consumption on particular special occasions. She is of normal 
build and her body mass index is within normal range (BMI = 
22.6). The patient’s medical history included slight dyspnea post-
COVID-19 for a short time, which she had in September 2021. 
Sometimes she had mild dyspepsia and was slightly anaemic. Her 
blood pressure was usually low, around 100/60 mm Hg.

Clinical course of the disease
Upon examination slight weakness of the left arm, slightly 
slurred speech, left facial droop, left palatal weakness, hemi-
hypesthesia on the left side of the body, predominantly on the 
face, were noted, and the Babinski sign was found to be positive 
bilaterally. NIHSS score was 4. The blood pressure was 120/80 
mm Hg and glycaemia was 5.3 mmol/L, both within normal 
range. The heart rhythm was normal. An urgent CT scan was 
ordered and blood was drawn for laboratory testing. The CT 
scan result was normal (Figure 1). As stroke was suspected, upon 
examination and anamnesis the conditions for thrombolysis were 

 

Figure 1. Initial brain CT scan, showing a normal finding.

Due to the patient’s occupation, the neurological symptoms were 
strongly disabling for her. Yet, the University clinic for neurol-
ogy was a COVID-centre at the time, and thrombolysis at the 
outpatient office was not possible, for the reason that the office 
is without monitoring possibility and there is not an option for 
the patient or staff to stay there beyond regular working hours. 
The patient was given the choice of being referred to another 
hospital, which included the very probable circumstance of the 
thrombolysis time window passing. The patient opted out for 
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conservative treatment for stroke through the service for medical 
home visits. A sick leave was recommended.
The treatment through the service for medical home visits consist-
ed of vitamin, anti-edematous and anticoagulant therapy for five 
consecutive days, and the regular therapy to be applied from the 
very day of examination on were antiplatelet (acetylsalicylic acid 
100 mg once daily), gastroprotective, supplement and amantadine 
at a starting dose of 100 mg once daily for two weeks and then 
increased to twice daily. The patient stopped smoking from the 
first day of the stroke and has not relapsed since then.
A control was recommended immediately after the laboratory 
results were obtained and a second control with a second imag-
ing five days afterwards, as well as earlier if needed. The lipid 
values were within range: total cholesterol 4.7 mmol/L, HDL 
cholesterol 1.6 mmol/L, LDL cholesterol 2.6 mmol/L, triglyc-

erides 0.96 mmol/L. The electrolyte status, HbA1C, C reactive 
protein, erythrocyte sedimentation rate and creatine kinase were 
within range. AST was 11 U/L, and ALT was on the low side: 9 
U/L. Albumins were slightly elevated: 52 g/L, and globulins were 
marginally low: 26 g/L. The thyroid status was normal.
The patient was referred to the University clinic for cardiology 
for an examination, which turned out normal. ECG showed 
sinus rhythm at 71 BPM, normal axis (Figure 2). The neurologist 
referred the patient to genetic testing for cardiovascular diseases.
At the next control, five days after the initial examination, the 
patient was also referred to a haematologist because of slightly 
decreased MCV (76 fL), haemoglobin (117 g/L) and hematocrit 
(33%), while iron, vitamin B12 and folic acid were within range. 
The haematologist prescribed ferrous fumarate, vitamin C and a 
multivitamin supplement.

 

Figure 2. The ECG of the patient, showing sinus rhythm
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In the meantime, results were obtained from the University 
clinic for transfusiology: Thrombocytes 372*109/L; Hct 33.3%; 
PT 11.3 sec; aPTT 30.7 sec; TT 20.1 sec; D-dimer 223.6 ng/
mL; WBC 10.2*109/L; Lym 1.3*109/L; Mid 0.4*109/L; Gran 
82.7*109/L;Hgb 117 g/L; MCV 76.3 fL; MCH 27 pg; MCHC 
354 g/L; RDW 14.5%; RDWa 59.4 fL; MPV 7.7 fL; PCT 
0.28%; PDW 10.5 fL; LPCR 11.8%. An antibiotic was pre-
scribed from the primary health care physician.
The patient requested that all the examinations and controls be 
done with the same neurologist, and her wish was respected. A 
sick leave for one month, brain MRI and a control afterwards 
were recommended. The neurological everyday therapy recom-
mendations were: antiplatelet (acetylsalicylic acid 100 mg once 
daily), gastroprotective, supplement and amantadine.
Brain MRI results quoted: On the right, cortically to subcorti-
cally, in gyrus praecentralis, there is a small hypersignal lesion 
in FLAIR with diffusion restriction, and it can be considered an 
ischaemic infarction (Figure 3). MRI control in 2 – 3 weeks. The 
rest of the parenchyma of the cerebrum, brainstem and cerebel-
lum are without focal lesions. The ventricle system is of normal 
width, free. On the MRA with TOF, the visualized intracerebral 
arteries with the major branches are without pathologic lesions 
(Figure 4).

The genetic testing for cardiovascular diseases revealed that the 
patient is a homozygote for the mutation C677T (OMIM® 
607093.0003) in the gene for methylenetetrahydrofolate re-
ductase (MTHFR) and heterozygote for the mutations eNOS 
G894T and LTA. The following gene polymorphisms were 
typed: PAI 5G/4G, HPA1 1b/1a, ACE deletion/insertion, EPCR 
A4600G A/A, EPCR G4678C C/G and APOE E3/E4.
26 days after the stroke, at the control, the patient’s condition 
was stable and significantly improved. There was discrete, almost 
non-detectable left facial droop. Swallowing, limb movements, 
strength and speech were normal.
Control brain MRI was performed, with the result: The previ-
ously described change on the right frontally, cortically to sub-
cortically, in the precentral gyrus, is with reduced diameter and 
does not show diffusion restriction. There is not a mass effect, 
nor an oedema surrounding it (Figure 5). MRI control in 3 – 6 
months.
Laboratory blood results were improved, with lower hematocrit 
of 36.6%, and all the other measured parameters within range.
In pursuit of a clear cause for the stroke, the patient was re-
ferred to a cardiologist for scheduling an ECG Holter monitor 
and echocardiography. Further treatment and examinations 
were conducted in continued consultation between the authors. 

 
 Figure 3. Initial MRI of the brain, showing an infarction in the right precentral gyrus.
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Figure 4. On the MRA with TOF, the visualized intracerebral arteries with the major branches are without pathologic lesions.
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In the meantime, the cardiologist suggested to replace the recom-
mended antiplatelet therapy from the neurologist (Aspirin 100 
mg once daily) with a direct anticoagulant (Apixaban 2.5 mg 
twice daily). After consultation with the neurologist, given a 
choice, the patient decided not to switch to Apixaban.
While awaiting the results of the cardiological examinations, the 
neurologist decided to replace the antiplatelet therapy (Aspirin 
100 mg once daily) by Nattokinase (NSK-SD® 20000 FU/g and 
calcium-L-methylfolate 200 mcg) – two tablets of 100 mg per 
day A probiotic (Lactobacillus rhamnosus LGG) was added. A 
Vitamin D3 deficit was discovered and supplementation with 
Vitamin D3 1000 IE/day was added. Amantadine and the previ-
ous supplement therapy remained. The gastroprotective therapy 
was prescribed as needed.
Five weeks post-stroke, the patient’s condition improved further. 
There was very slight dyspepsia, rarely.
The cardiologist interpreted the results of the ECG Holter moni-
tor as: Sinus rhythm with an average frequency of 83 BPM and 
range from 61 to 153 BPM, no significant pauses nor regular 
VES, 12 single SVES detected. The conclusion was a normal 
finding (Figure 6).
The echocardiography result was: The left atrium is with normal 
dimensions; global systolic function is regular. Lower closing 
of the mitral cusps with mild mitral valve regurgitation. The 
aortic valve has three leaflets and regular function. The interatrial 

septum is thin, mobile at length of 22 mm. The colour does 
not register a significant shunt; nevertheless, PFO cannot be 
excluded. There is not a right heart overload, slight tricuspidal 
regurgitation. A transcranial Doppler and trans-esophageal echo-
cardiography are needed.
Trans-esophageal echocardiography revealed an aneurysm of 
the interatrial septum, with a present PFO channel, diameter 
6.8 mm. The bubble test was positive, and there were no vis-
ible thrombi in the left auricle. The valvules were normal. The 
conclusion was: foramen ovale persistens, maintained systole 
function, and normal valvular apparatus. The cardiologist rec-
ommended closing of the PFO with a device and therapy with 
acetylsalicylic acid 100 mg 0+1+0. The patient was switched back 
to acetylsalicylic acid.
The cause of the stroke was found and measures for secondary 
prevention were taken. The patient has returned to her work 
and private obligations. She upholds neurological consultations 
regularly and her recovery is closely observed.

Discussion
The patient’s genetic testing revealed her to be a homozygote for 
the mutation C677T (OMIM® 607093.0003) in the gene for 
methylenetetrahydrofolate reductase (MTHFR). The homozy-
gote genetic model of the C677T polymorphism is associated 
with congenital heart disease risk, including septal defects (6).

 
 Figure 5. The previously described change on the right frontally, cortically to subcortically, in the precentral gyrus, is with reduced diameter and does not show diffusion restriction.
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Figure 6. ECG Holter monitor: Sinus rhythm with an average frequency of 83 BPM and range from 61 to 153 BPM, no significant pauses nor regular VES, normal finding.
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Our patient is also a heterozygote for the mutation eNOS 
G894T. The results of a meta-analysis by Wang et al. suggested 
that eNOS gene G894T polymorphism was associated with the 
increased risk of ischemic stroke (7).

Furthermore, our patient had lower vitamin D levels. Some 
women with MTHFR 677TT (homozygous mutation, TT) 
genotype have significantly lower vitamin D levels (8).

Regarding percutaneous closure of patent foramen ovale, there 
have been many studies in the past that contradicted each other. 
PFO closure seems to be associated with lower incidence of cryp-
togenic strokes among patients with inherited thrombophilias 
treated with anticoagulant or antiaggregant therapy (9). Accord-
ing to Turc et al., PFO closure is superior to antithrombotic 
therapy to prevent stroke recurrence after cryptogenic stroke. The 
annual absolute risk reduction of stroke is low, but it has to be 
tempered by a substantial time at risk (at least 5 years) in young 
and middle-aged patients. On the other hand, PFO closure is 
associated with an increased risk of atrial fibrillation (10). Ac-
cording to Mas et al., among patients who had a recent crypto-
genic stroke attributed to PFO with an associated atrial septal 
aneurysm or large interatrial shunt, the rate of stroke recurrence 
was lower among those assigned to PFO closure combined with 
antiplatelet therapy than among those assigned to antiplatelet 

therapy alone. PFO closure was associated with an increased risk 
of atrial fibrillation (11).

The data outlined in Linnebank et al. suggest that MTHFR 
alleles with at least one of the mutant variants C677T and 
A1298C are associated with smoking (12), which further exac-
erbates the risk in patients who have already had vascular events 
or are at risk. Our patient was a light smoker previously and she 
stopped immediately after the stroke.
The Risk of Paradoxical Embolism (RoPE) Score (13) identifies 
stroke-related PFO in patients with cryptogenic stroke. It is used 
in patients with cryptogenic stroke found to have PFO and no 
other compelling cause for stroke. Our patient had a RoPE Score 
of 8 points, which, according to the authors, translates to 84% 
chance that the stroke is due to PFO. Futhermore, there seems 
to be 6% risk of 2-year recurrence of stroke/TIA. Closing of the 
PFO, putting the patient on antiplatelet therapy and smoking 
cessation (14) significantly decreases the risks of repetitive strokes 
in this individual.

Conclusion
Thorough search for the stroke causes and their early detection 
in young individuals is of utmost importance in order to offer 
the patients the best possible care and well-informed secondary 
prevention.
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Abstract:
The common iliac artery aneurysms are rare and usually present in patients with abdominal aortic 
aneurysms. They are most commonly asymptomatic and the clinical symptoms are non-specific, 
including abdominal pain, genitourinary symptoms, back pain and sciatica. The rupture usually causes 
haemodynamic instability and carries a high mortality rate. We describe an elderly patient presenting 
with abdominal pain and fever who had a pulsating mass in the lower right quadrant of the abdomen, 
diagnosed via point-of-care ultrasound. The definite diagnosis was made with computed tomography 
and the patient was urgently transferred to the surgery department. 

Keywords: Iliac Aneurysm; Aneurysm, Ruptured; Abdominal Pain

Sažetak:
Ruptura aneurizme zajedničke ilijačne arterije koja se manifestira bolovima u trbuhu i 
groznicom
Aneurizme zajedničke ilijačne arterije su rijetke i obično prisutne u bolesnika s aneurizmom abdomi-
nalne aorte. Najčešće su asimptomatski, a klinički simptomi su nespecifični, uključujući bolove u 
trbuhu, genitourinarne simptome, bolove u leđima i išijas. Ruptura obično uzrokuje hemodinam-
sku nestabilnost i nosi visoku stopu smrtnosti. Opisujemo starijeg bolesnika s bolovima u trbuhu i 
povišenom temperaturom koji je imao pulsirajuću masu u donjem desnom kvadrantu abdomena, 
dijagnosticirano ultrazvukom u liječenju. Konačna dijagnoza je postavljena kompjutoriziranom tomo-
grafijom i pacijent je hitno prebačen na odjel kirurgije.

Ključne riječi: aneurizma ilijaka; Aneurizma, puknuta; Bol u trbuhu
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aneurysm presenting with abdominal 
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Introduction
The common iliac artery aneurysms (CIAAs) most commonly 
occur in association with abdominal aortic aneurysms (AAAs) 
and isolated CIAAs are rare (1,2). Rupture of common iliac 
artery aneurysms usually presents with haemodynamic instabil-
ity and various non-specific symptoms such as abdominal pain, 
genitourinary symptoms, back pain, or sciatica. It can be accom-
panied by elevated markers of inflammation which is caused by 
haematoma formation, but the growth of the aneurysm itself also 
elevates the markers of inflammation (3). We describe an elderly 
patient with retained rupture of the right common iliac artery 
which presented as abdominal pain with fever and laboratory 
signs of inflammation.

Case report
A 73-year-old man presented to the Emergency Department 
with malaise, abdominal pain, and fever up to 38.5 °C lasting 
several days. Two weeks prior to this visit, he was discharged 
from the haematology department where he had been hospital-
ized due to deep vein thrombosis and pulmonary embolism. 
During the hospital stay, he developed a fever with pathologi-
cal urine sediment, and therefore an empiric antibiotic therapy 
with amoxicillin and clavulanic acid was introduced. After the 

discharge, he still had difficulty breathing but denied chest pain, 
syncope, and dysuria. His previous medical history included 
arterial hypertension, colon diverticulosis, benign prostate hy-
perplasia, varicose veins on both legs, and lumbosacral syndrome 
In his chronic medical therapy he was using warfarin, perindo-
pril, amlodipine, and indapamide. Upon physical examination 
he was hemodynamically stable, subfebrile (37.7 °C), had pain 
in the lower right quadrant, without peritoneal guarding, and 
kidney percussion was positive on the right side. His chest and 
abdominal X-ray films were unremarkable. The laboratory tests 
showed leukocytosis 12 x 109/L, haemoglobin 113 g/L, C- re-
active protein 108 mg/L, INR 1.86, urine leukocytes 3+ and 
nitrites 1+. Possible differential diagnoses in this patient included 
ureteric colic, pyelonephritis, diverticulitis, abdominal aortic an-
eurysm (AAA), and aortic dissection. Point-of-Care Ultrasound 
(POCUS) of the abdomen showed a pulsating mass in the right 
lower abdomen with a maximal diameter of 60 mm and an intra-
mural thrombus. (Fig. 1.) The computed tomography (CT) scan 
was additionally performed to further differentiate the mass. The 
result showed a retained right common iliac artery rupture. The 
abdominal aorta was normally calibrated. (Fig. 2.) The on-call 
vascular surgeon was consulted and the patient was transferred to 
the surgery department for further treatment. 

  

Figure 1. Point-of-Care Ultrasound showing a mass in patient’s right lower abdomi-
nal quadrant with a maximal diameter of 60 mm and an intramural thrombus.

Figure 2. The computed tomography (CT) showing a retained right common iliac 
artery rupture.
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Discussion
Isolated aneurysms of the common iliac artery are rare, ac-
counting for 1% of intraabdominal aneurysms. The majority 
of them are coexisting with abdominal aortic aneurysms (1,2) 
and the frequency of rupture of isolated iliac artery aneurysms 
is significantly higher than that of abdominal aortic aneurysms 
(4). According to Huang et al, CIAAs are mostly asymptomatic, 
in 71% of patients. The suspicion of an aneurysmal disease is 
greatly based on the previous risk factors and clinical signs. The 
most common symptom is abdominal pain (2). Other symp-
toms are genitourinary symptoms, back pain, and sciatica. The 
mechanism of pain includes the extension of haematoma and 
compression of nerves and other anatomic structures. Their 
rupture usually presents with haemodynamic instability and has 
a high mortality rate. The retained rupture which was present in 
our case did not present with such a dramatic clinical picture. 
Elevation of inflammation markers was very misleading in this 
case and in combinations with the previous history, highly sug-
gestive of infection. Tambyraja et al concluded that the patients 
with symptomatic and ruptured AAA had significantly higher 
CRP and leukocyte levels compared to asymptomatic patients 
(5). This would have raised a concern of rupture if our patient 

had previously been diagnosed with an aneurysm. The diagnosis 
of the CIAA can be made by various radiological techniques and 
there are currently no studies to compare sensitivity and specific-
ity between them. CT can give us precise information about the 
extent of aneurysmal disease, vascular anatomy, and localization 
of the rupture which is particularly important for patients who 
are candidates for endovascular repair. The advantage of the 
POCUS is its suitability for haemodinamically unstable patients 
since prolongation of hypotensive time negatively impacts the 
survival rate. Reed et all showed that patients who underwent 
ultrasonography upon presenting to the emergency department 
with ruptured AAA compared to those who did not, were diag-
nosed faster (51 vs 111 minutes)(6). The POCUS can therefore 
decrease the time needed to diagnose the patient and direct 
further management. It is an exceptionally valuable tool in the 
hands of experienced emergency physicians, sometimes revealing 
unexpected diagnoses. 
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Abstract:
Polycythemia vera (PV) is a chronic myeloproliferative neoplasm resulting in increased red blood cell 
mass. It can lead to various symptoms caused by blood hyperviscosity and an elevated number of red 
blood cells. Both thrombosis and bleeding complications can occur in PV. Splenic infarction is a rare 
complication with an unknown incidence usually presenting with pain in the upper left quadrant 
of the abdomen. The treatment is usually conservative, but there are some complications requiring 
surgery. We describe an elderly female patient who presented to the emergency department with left 
costal margin pain which was caused by splenic infarction.

Keywords: Splenic Infarction; Polycythemia vera; Abdominal Pain

Sažetak:
Infarkt slezene kao rijedak uzrok boli u lijevom gornjem abdominalnom kvadrantu u starije žene
Polycythemia vera (PV) je kronična mijeloproliferativna neoplazma koja rezultira povećanom masom 
crvenih krvnih stanica. Može dovesti do različitih simptoma uzrokovanih hiperviskoznošću krvi i 
povećanim brojem crvenih krvnih stanica. U PV se mogu pojaviti i tromboza i komplikacije krvarenja. 
Infarkt slezene rijetka je komplikacija s nepoznatom učestalošću koja se obično manifestira bolom u 
gornjem lijevom kvadrantu abdomena. Liječenje je obično konzervativno, ali postoje neke komplikaci-
je koje zahtijevaju operaciju. Opisujemo stariju pacijenticu koja se javila u Hitnu s bolom lijevog rebra 
uzrokovanom infarktom slezene.

Ključne riječi: infarkt slezene; Policitemija vera; Bol u trbuhu
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Introduction
Polycythemia vera (PV) is a chronic myeloproliferative neoplasm 
resulting in increased red blood cell mass (1). Symptoms of the 
disease are non-specific and related to blood hyperviscosity and 
to elevation in the number of blood cellular elements. Patients 
suffering from PV are at risk of both arterial and venous throm-
bosis, but also bleeding complications. The major risk factors 
linked to thrombosis are age and previous medical history of 
thrombosis. Other significant contributing factors are increased 
haematocrit and leukocytosis (2). Splenic infarction is a rare 
consequence of PV with an unknown incidence. 

Case report
A 70-year-old woman presented to the Emergency Department 
with sharp left costal margin pain that is constant, radiates to the 
back, worsens on manual palpation, coughing, and deep inspira-
tion. Pain is described as 10/10 on the visual-analogue scale 
(VAS). She has been taking non-steroid anti-inflammation medi-
cations in high doses for weeks without resolution of symptoms. 

She had been vaccinated with a booster dose of Pfizer 3 weeks 
prior. Her previous medical history includes polycythemia vera 
with JAK2 mutation, diabetes mellitus, and arterial hyperten-
sion. In her chronic medical therapy she was using hydroxycar-
bamide, tramadol, ibuprofen, vidagliptin, metformin, gliclazide, 
acetylsalicylic acid, and pantoprazole. The physical exam was 
unremarkable except for pain under the left costal margin. Sig-
nificant lab results were leukocytes 20 x 109/L, haemoglobin 141 
g/L, haematocrit 0,446, thrombocytes 10001 x 109/L, lactate-de-
hydrogenase 833 U/L, C- reactive protein 18 mg/L. Differential 
diagnoses in this patient include gastritis, pancreatitis, pulmo-
nary embolism, pneumonia, nephrocolic and aortic dissection. 
Point-of-Care Ultrasound (POCUS) of the abdomen showed 
an inhomogeneous spleen with localized pain in that area (Fig. 
1.). Suspected splenic infarction was confirmed with a computed 
tomography (CT) scan, showing multiple hypovascular zones 
(Fig. 2.). An accidental finding is a splenunculus, measuring 26 
mm. She was admitted to the haematology department and was 
treated conservatively.

 

 
Figure 1. Point-of-Care Ultrasound (POCUS) of the abdomen showing an inhomo-

geneous spleen.
Figure 2. Computed tomography scan showing multiple hypovascular zones in the 

spleen.
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Supplementary Table S1. Additional data about study participants

DIAPHYSEAL FRACTURE GROUP 
(N=6)

METAPHYSEAL FRACTURE 
GROUP (N=10)

Age in years 
mean (±SD) 43.17 (±13.92) 45.8 (±10.84)

Male N (%) 3 (50%) 6 (60%)

Female N (%) 3 (50%) 4 (40%)

Surgical treatment N (%) 6 (100%) 6 (60%)

Conservative treatment 
N (%) 0 (0%) 4 (40%)

Supplementary Table S2. Values of mean fold change and standard deviation of each analysed cytokine per subject (or subject group). Fold change was 
calculated from values of the control group.

Diaphyseal fracture
 1. timepoint

Diaphyseal fracture
 2. timepoint

Metaphyse-al fracture
 1. timepoint

Metaphyse-al fracture
 2. timepoint

GCSF 1 ±0.03 0.98 ±0.05 0.75 ±0.01 0.79 ±0.07

GM-CSF 0.85 ±0.01 0.79 ±0.01 0.71 ±0.04 0.75 ±0

GRO (α, β, γ) 0.95 ±0.03 0.92 ±0 0.76 ±0 0.84 ±0.01

GRO-α 0.84 ±0.04 0.87 ±0 0.71 ±0.01 0.83 ±0.02

IL-1a 1.03 ±0.14 1.16 ±0.02 0.88 ±0.04 0.75 ±0.08

IL-2 1.1 ±0.15 1.01 ±0.08 0.84 ±0.03 0.8 ±0.11

IL-3 1.21 ±0.07 1.03 ±0.08 1.01 ±0.04 1.01 ±0.06

IL-5 1.15 ±0.04 1.06 ±0.01 0.78 ±0.01 0.83 ±0.01

IL-6 1.26 ±0.03 1.27 ±0.02 0.89 ±0.04 0.98 ±0.05

IL-7 1.04 ±0.05 1.12 ±0.09 0.8 ±0.04 0.85 ±0.06

IL-8 1.02 ±0.08 1.02 ±0.01 1.01 ±0 0.97 ±0.02

IL-10 0.89 ±0.03 0.93 ±0 0.78 ±0.01 0.81 ±0.01

IL-13 0.82 ±0.02 1.1 ±0.02 0.82 ±0.1 0.62 ±0.02

IL-15 1.01 ±0.08 1.15 ±0.09 0.85 ±0.04 0.72 ±0.08

IFN-γ 0.92 ±0.05 0.88 ±0.03 0.82 ±0.07 0.76 ±0.1

MCP-1 2.41 ±0.25 2.34 ±0.17 2.25 ±0.18 2.07 ±0.17

MCP-2 1.03 ±0.18 1.15 ±0.04 0.76 ±0.11 0.75 ±0.13

MCP-3 0.94 ±0.1 0.95 ±0.04 0.68 ±0.09 0.68 ±0.13

MIG 0.91 ±0.11 0.99 ±0.08 0.76 ±0.04 0.74 ±0.07

RANTES 1.63 ±0.03 1.8 ±0.01 1.59 ±0.05 1.63 ±0.03

TGF-β1 1.06 ±0.01 1.15 ±0.01 1.03 ±0.04 0.83 ±0.01

TNF-α 1.18 ±0.08 1.13 ±0.11 1 ±0.07 0.84 ±0.1

TNF-β 1.08 ±0.01 1.18 ±0.02 0.82 ±0.13 0.75 ±0.06
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Discussion
Polycythemia vera is a chronic myeloproliferative neoplasm 
characterized by augmented erythropoiesis. It can lead to 
thrombosis and thromboembolism, among other complications. 
The aforementioned complications occur in 39-41% of patients 
suffering from PV (1,3) and can occur years before a diagnosis of 
the disease. The most important risk factors for thromboembo-
lism in patients with PV are age >65 years and previous history 
of thromboembolic events. The British Society for Haematology 
includes the stated age as a defining clinical feature of high-risk 
PV (4,5). 
Leukocytosis and elevated CRP, which were present in our 
patient, are linked to a higher risk of thromboembolism in PV, 
however, the correlation with thrombocytosis is unclear and it 
might even increase the risk for bleeding in some cases (2). 
The primary endpoint of medical therapy in PV is to reduce the 
risk for thrombosis mostly by reducing HCT level. European 
Society for Medical Oncology Clinical Practice Guidelines sug-
gest maintaining a target HCT of < 45% in patients with PV 
to reduce mortality and morbidity, which was achieved in our 
patient (5).  
The type of thrombosis can be dependent on the patient sex. 
Tefferi et al observed that arterial thrombosis more commonly 
occurs in men than in women (18% vs 14%), and venous 

thrombosis is more common in women than in men (9,3% vs 
5,4%)(6). The most common manifestations of arterial events are 
acute coronary syndrome and stroke, while venous thrombosis 
most commonly manifests as deep vein thrombosis, splanchnic 
vein thrombosis, pulmonary embolism, and superficial venous 
thrombosis (7,8). 
Splenic infarction, as a consequence of PV, is a rare complica-
tion with unknown incidence. The symptoms include left 
upper abdominal quadrant pain, left shoulder pain (Kehr sign), 
pleuritic chest pain, fever, and nausea. The preferred diagnostic 
method to diagnose splenic infarction is CT due to its ability to 
demonstrate any subtle parenchymal changes in the spleen (9). 
Haemodynamic instability can occur in the cases of subcapsular 
haemorrhage. Another possible complication is a spleen abscess. 
Such complications require surgical treatment, otherwise, splenic 
infarction is treated medically. 
Regardless of the very low incidence of splenic infarction, a 
combination of abdominal pain and haematological disorder or 
hypercoagulable state should raise a concern about this diagnosis.
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Book review:
Vladimir Medved Editor: Measurement and Analysis of  
Human Locomotion

Author:
Marko Pećina

Human movement is of interest in many areas such as sports, medi-
cine, artistic performance, and also, with a slightly broader perspec-
tive, ergonomics, traffic sciences, didactics, etc. A modern approach 
to the study of movement and locomotion of the gross human body 
is characterized by “capturing” and, consequently, analysis and di-
agnostics of the movement phenomenon, based on the laws of clas-
sical physics and of physiology. This also is the focus of this book, 
which aims to introduce, concisely describe, explain and illustrate 
uses of this sort. Among the mentioned areas of application, the 
book is primarily focused on medicine and sports activities. 
Starting from a historical perspective, the idea of studying human 
locomotion using technical measurement devices and including 
measurement data in the physical representation and quantification 
of gross body movements, as a kind of umbrella concept, is present-
ed and explained; an approach known as inverse dynamics. Within 
this approach, the components of measurement systems, including 
relevant signal and data processing methods are presented. Modern 
devices for motion capture of the human body by measuring its kin-
ematics, kinetics and surface electromyography (surface EMG) are 
described; all systems being used predominantly - albeit not exclu-
sively - in a laboratory for human movement analysis setting. With 
an orientation mainly on posture and gait, but including selected 
examples of movement patterns while practising kinesiological and 
sports activities, the book presents the basics of a biomechanical and 
biomedical engineering approach to this subject matter. It illustrates 
how data collected and processed by modern technical devices and 
procedures can complement the traditional expertise of kinesiolo-
gists and/or physicians. 
After the Preface and the Introduction, the topics covered are: his-
tory of locomotion study and current research methodology; evolu-
tion of human gait; elements of biomechanics of the lumbar spine; 
measuring kinematics and kinetics of human movement; elabora-
tion of 3D photogrammetry; pedobarography - standardization of 
measurement protocols and clinical applications; kinesiological elec-
tromyography; gait analysis; critical issues in orthopedic traumatol-
ogy; on sportive movement patterns study: 12 chapters alltogether. 
As a practical addendum to the book, at the end several current 
standards for reporting of kinematic , kinetic, and EMG data are 
reprinted. The standards, reflecting state of art practical knowledge 
in the field, are ment to help in pursuing both measurements and 
applications of modeling complex neuro-musculo-skeletal systems 
and functions. The Index closes the book. The book has XI + 371 
pages; 103 b/w illustrations and 125 illustrations in color.
Measurement and analysis of human locomotion is a multidiscipli-
nary and interdisciplinary topic that requires cooperation among 
biomedical engineers, medical doctors of several specialties, and 
kinesiologists. Motivated by the need for teaching material of the 
eponymous course within the Medical Studies in English at the 
Faculty of Medicine, the University of Zagreb, which (course) has 

been taught since 2005, the book is also applicable more widely as a 
scientific reference, a textbook at the departments of engineering, of 
medicine, and of kinesiology, i.e. as a reference for the appropriate 
institute and clinical work environments. It is applicable in the field 
of sports, physical activities as well as in medical diagnostics and 
rehabilitation. Practical applications may, for example, be the assess-
ment of human gait efficiency; assessment of local skeletal muscle 
fatigue during physical exercise; biomechanical evaluation of trau-
matological conditions requiring orthopedic treatment and the like.
“Measurement and analysis of human locomotion” is the work 
of a multidisciplinary author team. The book’s editor is Vladimir 
Medved, Faculty of Kinesiology, University of Zagreb, (professor 
emeritus) and team consists of: Daniele Albano, Department of 
Human, Philosophical and Educational Sciences, University of 
Salerno, Italy; Boris Božić, Clinic for Neurosurgery, Clinical Hos-
pital Center Sestre milosrdnice, Zagreb; Mario Cifrek, Faculty of 
Electrical Engineering and Computing, University of Zagreb, Ni-
kica Daraboš, Faculty of Medicine, University of Split; Igor Gruić, 
Faculty of Kinesiology, University of Zagreb; Maja Mirković, Kine-
matika-Polyclinic for Orthopedics, Physical Medicine and Rehabili-
tation, Zagreb; Marko Pećina, Faculty of Medicine, University of 
Zagreb (professor emeritus); Tomislav Pribanić, Faculty of Electri-
cal Engineering and Computing, University of Zagreb; Marija Ra-
kovac, Faculty of Kinesiology, University of Zagreb, and Rodolfo 
Vastola, Department of Human, Philosophical and Educational 
Sciences, University of Salerno, Italy.
The book is a part of Springer Series in Biomedical Engineering.
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Vida Demarin and Vanja Bašić Kes has published the latest book 
Migraine, and the publisher is Medicinska naklada from Zagreb.
The textbook is the result of many years of experience of the au-
thors in the diagnosis, prevention and treatment of patients with 
migraine headaches at the Clinic of Neurology, KBC Sestre mi-
losrdnice.
In 11 chapters, the book deals with the most relevant topics in the 
field of history, epidemiology, etiology, pathophysiology, diagnos-
tics and treatment of migraine.
In the book, the authors presented the latest findings on the pre-
ventive treatment of migraine with monoclonal antibodies as well 
as a detailed description of all forms of drug and non-drug treat-
ment of migraine.
Of particular interest is the chapter describing the effect of acu-
puncture in the treatment of migraine.
This is the first university book that deals in detail with the topic 
of migraine headaches and I think it will be a great help to stu-
dents of the Faculty of Medicine and Dentistry as well as neurol-
ogy specialists and other doctors who are interested in migraine 
headaches.
This manuscript fully corresponds to the university teaching lit-
erature used in the scientific process in university undergraduate, 
graduate and postgraduate studies.

This work represents a significant scientific and professional con-
tribution in the field of migraine headache, especially because 
there is no such work in the Republic of Croatia.
Congratulations to authors and publisher !!

Book review:
Vanja Bašic-Kes, Vida Demarin: Migraine
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Book review:
Mirna Šitum, Vedrana Bulat et. al. PSORIASIS

Author:
Vedrana Bulat 
Mirna Šitum

Psoriasis is a relatively common chronic, immune-mediated system-
ic disorder which affects approximately 2% of the world popula-
tion and 1.6% patients in Croatia. It is associated with an increased 
risk of obesity, diabetes, hypertension, inflammatory bowel disease, 
depression as well as psoriatic arthritis which affects up to 30% of 
patients with psoriasis.
The book Psoriasis, both a scientific monograph and a clinical hand-
book, written by academician Mirna Šitum, Vedrana Bulat et. al. is 
a valuable new textbook on this common systemic disease, the first 
of its kind written and published in Croatia. It is the first compen-
dium of clinical features and treatment options in this particular 
field from a team of specialist contributors and editors with years of 
clinical experience.
The structure of the book is divided into 15 chapters covering 
pathogenesis, clinical features in children and adults, diagnosis, co-
morbidities and up-to-date information on management strategies 
of this common immunological disease. The authors emphasize the 
importance of a broad, multidisciplinary approach to the treatment 
of this disease which includes the fields of rheumatology, cardiology, 
endocrinology, gastroenterology and psychiatry. This book is par-
ticularly helpful for physicians who want an excellent source of vital 
information in a broad spectrum of topics encompassing etiopatho-
genesis, clinical features, diagnosis, and guidelines for management 
of psoriasis.
More than 70 high-quality clinical photographs and highly user-
friendly tables illustrate all concepts described in the text, and pro-
vide a useful visual aid in understanding various forms of psoriasis 
and facilitate instant visual comprehension. This book utilizes all 
of the most recent scientific research in creating an authoritative 
model for the treatment of psoriasis and provides a comprehensive 
list of novel biological therapies, and appropriate laboratory tests 
and their interpretation. The correct treatment is paramount and 
requires significant dedicated work and constant monitoring in or-
der to achieve best treatment results.
Three chapters extensively cover the psychological and psychosocial 
effects of this illness, which makes it valuable to both patients and 
their families in understanding the complexities of psoriasis and its 
profound effect on the overall quality of life.
One of the main goals of this handbook, besides providing useful, 
practical information on psoriasis, is to change the most common 
view of this disease as primarily a localized skin disorder to a broader 
perspective as a systemic inflammatory disease which requires sig-
nificant collaborative work between different medical fields.
This book represents an indispensable contribution to contempo-
rary scientific literature on psoriasis and will prove to be an invalu-
able source of material for medical professionals in helping them 
better understand this very complex systemic disease.
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„Knjiga ‘Psoriasis’ znanstvena je monografija po obilježjima znanstvene 
suvremenosti i kvalitete teksta, a priručnik prema potrebama 
edukativnog stručnog i praktičnog štiva bogatog fotodokumentacijom, 
tabličnim prikazima i smjernicama korisnim za rad u svakodnevnoj 
praksi. U mnogim temama u knjizi jasno se iskazuje nužnost 
interdisciplinarne suradnje i multidisciplinarnog pristupa, što je 
ujedno i jedini ispravan put cjelovitom pristupu bolesnicima sa 
psorijazom. Ova znanstvena monografija-priručnik namijenjena je 
liječnicima specijalistima i specijalizantima dermatovenerologije, 
interne i obiteljske medicine, fizikalne medicine i reumatologije, 
psihijatrije, medicine rada i sporta, kao i polaznicima poslijediplomskih 
stručnih i doktorskih studija.
Kao što je u predgovoru naglasila urednica, tehnološki i terapijski 
napredak doveo je do promjene paradigme u razumijevanju psorijaze, 
a time i postavljanju ciljeva liječenja. Konačni cilj jest čista ili gotovo 
potpuno čista koža. Upravo nas ova knjiga podučava kako doći do tog 
cilja i stoga je iznimno vrijedan doprinos suvremenoj dermatološkoj 
literaturi.“

akademik Marko Pećina
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In 1963, famous historian of medicine Mirko Dražen Grmek 
published the first book in the edition Rasprave i građa za povijest 
znanosti (Discussions and Materials for the History of Science). 
This book, dedicated to the development of dermatovenerology in 
Croatia through the role of Franjo Kogoj, is the eighth edited by 
Marko Pećina and Stella Fatović-Ferenčić and is the 21st volume 
in the series. It is the result of a fruitful collaboration between 
the Department of Medical Sciences CASA, the Division for the 
History of Medical Sciences of the Institute for the History and 
Philosophy of Science CASA and the Department of Dermato-
venerology of the University Hospital Centre Zagreb.

The project gathered specialists in dermatology who had analyzed, 
in the context of their recent professional activities, Franjo Kogoj’s 
role and contributions to dermatovenerology on both domestic 
and international levels. There are 13 authors in total who had 
written the following chapters: Preface (Marko Pećina and Stella 
Fatović-Ferenčić); A view on the prevalence of skin and venereal 
diseases in Croatia from Middle Ages to Kogoj (Amir Muzur); 
Institutionalization and professionalization of dermatovenerol-
ogy at the University of Zagreb in the light of archival documents 
(Stella Fatović-Ferenčić); The establishment of the Department of 
Dermatology and Venereology at the University of Zagreb and the 
role of Franjo Kogoj in its development (Zrinka Bukvić Mokoš); 
Franjo Kogoj from the viewpoint of a recent Head of the Depart-
ment – towards the one hundredth anniversary of the Department 
(Branka Marinović); The comparison between Kogoj’s and more 
recent concepts in allergology (Suzana Ljubojević Hadžavdić); The 
meaning and conceptualization of Kogoj’s pustule (Ivan Dobrić); 
Sexually transmitted diseases – the foundation of dermatovenerol-
ogy from the times of Franjo Kogoj until today (Mihael Skerlev, 
Suzana Ljubojević Hadžavdić); Kogoj’s research on Mal de Meleda 
(Ana Bakija Konsuo); A contemporary view on Kogoj’s Dermato-
venerology Propedeutics – General Dermatology and Therapy for 
Medical Students and Physicians (Lena Kotrulja); The diagnos-
tics and therapy of melanoma in the times of Franjo Kogoj and 
today (Daška Štulhofer Buzina); Franjo Kogoj’s role in the Yu-
goslav Academy of Sciences and Arts, 1947 – 1972 (Sella Fatović-
Ferenčić, Martin Kuhar, Silvija Brkić Midžić and Marko Pećina); 
“For aging not passively endured, but actively experienced”: on 
Symposium on Gerontology from 1958 (Sella Fatović-Ferenčić 
and Martin Kuhar); Franjo Kogoj’s role in the establishment of 
the Academy’s Centre for Allergology in Hvar (Sella Fatović-

Ferenčić); The memorial collection of Franjo Kogoj within the 
fund of the Croatian Museum of Medicine and Pharmacy CASA 
(Silvija Brkić Midžić); Franjo Kogoj’s biobibliography (Martin 
Kuhar). The book is 222 pages long and contains the abstract in 
English, as well as the authors’ biographies.

The role of Franjo Kogoj – dermatovenerologist, Vice-Dean and 
Dean of the School of Medicine, University of Zagreb, Fellow 
of the Yugoslav (today Croatian) Academy of Sciences and Arts, 
the first Secretary of its Department of Medicine (today Depart-
ment of Medical Sciences) and the long-standing Vice-President 
of the Academy – is indispensable in the light of modern develop-
ment of dermatovenerology as a clinical and academic discipline. 
The year 2020 marked the one-hundredth anniversary of Kogoj’s 
successful completion of medical studies in Prague, and the year 
2021 marked the one-hundredth anniversary of the establishment 
of the Department of Dermatovenerology in Zagreb, celebrated 
in March 2020 with an exhibition and bilingual catalogue. A de-
tailed review of the exhibition (written by Martin Kuhar) and the 
catalogue (written by Mirna Šitum) can be found in issue 54-
55 (2021) of this journal. The book is dedicated to a century of 
successful work in the Deparment of Dermatovenerology and 
deals with various aspects of this discipline, including allergology, 
sexually-transmitted diseases, oncology, as well as Kogoj’s contri-
butions in education at the School of Medicine in Zagreb, in the 
workings of the Yugoslav Academy of Sciences and Arts and in the 
institutionalization of dermatovenerology. In order to encompass 
Kogoj’s activities in a broader social context, and to evaluate as-
pects that have insofar been seldom covered in his historiography, 
the project involved dermatologists, historians of medicine and 
the Head and the Director of the Croatian Museum of Medi-
cine and Pharmacy CASA. The book was financially supported by 
the Academy’s Fund and the Ministry of Science and Education. 
With its content and approach, this book will surely find its place 
as a basis for future research in dermatovenerology and related 
disciplines and in the history of medical institutionalization in 
Croatia.

Discussions and Materials for the History of Science Book 21 
/ Salus aegroti suprema lex: The Role of Franjo Kogoj in the 
Development of Dermatovenerology in Croatia 

(Zagreb: HAZU, 2022) / Marko Pećina and Stella Fatović-Ferenčić, editors
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The 7th Croatian Symposium on Vascular Medicine (CROVAS-
CULAR 2022), after almost two years of anti-COVID-19 meas-
ures, took place on March 4th 2022 in a live form. The impres-
sive classicist interior of the Revival Hall, located in the National 
Home Palace in Zagreb, served again as a perfect venue for leading 
academic scientist, physicians, residents, medical students and all 
others interested in angiology to exchange, improve and refresh 
their knowledge in the field of vascular medicine. 
CROVASCULAR, a unique national symposium covering all the 
clinical aspects and cutting-edge research in the field of angiology 
(vascular medicine) was introduced in 2015, on the 25th anniver-
sary of the Department of Angiology at Sestre Milosrdnice University 
Hospital Centre, Zagreb, Croatia. It was the place where the vascular 
team principle was recognized even before it was recommended by 
international guidelines. Moreover, at the Sestre Milosrdnice Univer-
sity Hospital Centre the first Croatian Prospective Peripheral Artery 
Disease Registry (CRO-PAD) was created in 2010, with the aim 

to collect, organize and present data about patients with peripheral 
vascular diseases1-8. The purpose of this single-centre prospective 
database was to evaluate risk factors, prognosticators, longitudinal 
outcomes, and therapeutic development in order to improve pa-
tients’ healthcare and disease outcomes. Accordingly, Referral cen-
tre for peripheral and polyvascular artery disease of the Ministry of 
Health of the Republic of Croatia was recently established at Sestre 
Milosrdnice University Hospital Centre.
The president of the Organizing committee and head of the 
Department for Vascular Diseases, Sestre Milosrdnice University 
Hospital Centre prof. Mislav Vrsalović, in his welcome speech 
highlighted the importance of early diagnosis and treatment of 
vascular diseases, not only because of the better quality of life, but 
also because of potential decrease in total cardiovascular mortality 
for those patients. In addition, he was pleased with the fact that 
meeting was organized onsite, after two years of almost exclusively 
virtual meetings. 

7th Croatian Symposium on Vascular Medicine - CROVASCULAR 
2022

Figure. Prof. Ivan Pećin, prof. Kristina Selthofer-Relatić, acad. Vida Demarin, prof. Mislav Vrsalović, acad. Zvonko Kusić, acad. Davor Miličić, prof. Diana Delić-Brkljačić, 
prof. Davor Vagić, prof. Luka Zaputović, prof. Miljenko Kovačević, prof. Ivo Lovričević, prof. Ljiljana Banfić (standing from left to right) in the Revival Hall, National Home 

Palace of the Croatian Academy of Sciences and Arts (Zagreb) during 7th Croatian Symposium on Vascular Medicine - CROVASCULAR 2022.
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On behalf of the Croatian Academy of Sciences and Arts and 
Croatian Cardiac Society, in their welcome speech, acad. Vida 
Demarin and acad. Davor Miličić expressed the joy to meet the 
colleagues face-to-face again and highlighted the importance of 
this symposium which is recognized beyond the Croatian borders. 
Prof. Davor Vagić, director of Sestre Milosrdnice University Hos-
pital Centre in his welcome speech highlighted the hospital’s long 
tradition in vascular medicine, dating back in the 1960s. 
The four sessions of the symposium provided an excellent forum 
for gathering experts in the field of angiology and served as a plat-
form for experience exchange, discussion, and debate on the lat-
est advances in prevention, diagnosis and treatment of vascular 
diseases. 
At the very beginning of the conference the state-of-the-art lecture 
was given by prof. Aleš Blinc from the University Hospital in Lju-
bljana (Slovenia) entitled “Arteriosclerosis and atherosclerosis of 
the lower limbs” with the focus on cardiovascular risk associated 
with both entities.
For the first time, the Croatian Cardiac Society’s Young Cardiolo-
gists Working Group, actively took part in the symposium. The 
collaboration resulted in the second session named “Vascular puz-
zle”. Among experienced speakers, the session gave an opportuni-
ty for younger specialists to present some challenging clinical sce-
narios and cover up-to-date diagnostic and therapeutic approach 
in line with the current European guidelines. The third session 
was organized in collaboration with the Croatian Society for Vas-
cular Surgery and included the topics on aortic aneurysms, critical 
limb ischaemia, together with venous pathologies like endovascu-
lar treatment of post-thrombotic syndrome and peculiarities of 
venous thromboembolism in oncology patients. This session was 
an excellent example how multidisciplinary approach (vascular 
team) is nowadays conditio sine qua non in optimal management 
of vascular patients. The last session was dedicated to diabetes and 
peripheral arterial disease from the family care physicians’, diabe-
tologists’ and vascular surgeons’ perspectives. The result was an 
interesting and fruitful discussion on different aspects in manage-
ment of vascular patients either from primary or secondary and 
tertiary care level. 
In the end, prof. Vrsalović summed up the most important take-
home messages and invited the physician colleagues and trainees 

involved in vascular medicine next year to the 8th Croatian Sym-
posium on Vascular Medicine - CROVASCULAR 2023.
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Croatian Hypertension League and Croatian Hypertension So-
ciety under umbrella of the Croatian Academy of Sciences and 
Arts organized an international symposium „Environmental hy-
pertensiology – the effects of seasonal changes on blood pressure 
and global risk“. This hybrid meeting was organized on April 21. 
More than 220 participants attended and learned listening 28 lec-
tures and fruitful discussions. After introductory lectures on the 
importance of the topic, Nobel laureates in research on climate 
change, research on health protection from the risks posed by heat 
waves, seasonal variations in blood pressure, mortality and the im-
pact of weather on COVID-19, lectures covered five basic topics. 
Seasonality was addressed in terms of children and adolescents, 
blood pressure, chronic kidney disease and pregnancy, metabolic 
changes and global risks as well as stroke and heart attacks. The 
main aim of this symposium was to underline importance of the 
topic and increase awareness among physicians, medical students 

and nurses. In addition, newspapers and other media spread this 
information to general population. The whole symposium i.e. all 
lectures and discussions will be placed on the educational plat-
form of the Croatian Society of Hypertension and physicians, 
nurses, but also general population will be invited to visit this 
page, to learn and to inform their relatives, neighbours and busi-
ness partners. In addition, Croatian Hypertension League and 
eMed will use social networks to educate population more about 
this growing problem. It was decided that all speakers and mod-
erators, who are Croatian key opinion leaders in the field, would 
prepare a consensus document as one of tools we will use in nego-
tiation with our government. The whole program of the meeting 
can be found on https://hdh.emed.hr/vijesti/228/medunarodni-
simpozij-klimatske-promjene-arterijska-hipertenzija-i-ukupan-
rizik---pridruzite-nam-se .

Environmental hypertensiology – the effects of seasonal 
changes on blood pressure and global risk 
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The educational course “Clinical Psychoneuroendocrinoimmu-
nology in praxis” was organized by Department of Medical Sci-
ences of Croatian Academy of Sciences and Arts and Orlando 
Polyclinic, led by Vida Demarin and Sanja Toljan.
The intention of the course is translation of scientific discoveries 
into clinical practice.There is vast amount of discoveries in human 
physiology and pathophysiology in last 4 decades. Advancement 
of technology brought us insight into new molecular functioning 
and understanding complex processes, not only in human cells, 
but in molecules within it. If we incorporate this knowledge in 
modern medicine, there is supposed to happen a new paradigm 
shift. As we witness in medicine, this process is very slow and 
needs meticulous preparation.
After the release of a new book “Clinical psychoneuroendocrinoim-
munology”, edited by Vida Demarin and Sanja Toljan, practitioners 
were exposed to medical discoveries that laid foundations to new 
clinical decisions. Neuroendocrine research yielded many new dis-
coveries that need to be implemented in everyday clinical work.
To enhance the process of acquiring new medical knowledge, 
creation of educational course was the next logical step. In order 
to make it happen, the editors of Clinical psychoneuroendocrino-
immunology created a curriculum and set a goal to spread knowl-
edge among medical practitioners, all healthcare providers.
Such great goal was achieved in January 2022, when the 1.Course 
in clinical PNEI was held. Participants were taught about circa-
dian rhythm and its impact on human health, about neuroen-
docrine axis and its bidirectional effect, the human microbiome, 
physical activity as a new therapeutic agent, Chrono pharmacol-
ogy and Chrono nutrition and techniques to improve stress resil-
ience in health and disease.
Such new approach is followed by new diagnostic tools, and we 
are proud to announce that we are the only medical course that 
teaches how to use cortisol diurnal curve in assessing circadian 
rhythmicity and neuroendocrine axis. It is essential diagnostic cri-
terion in medicine which enables clinician to obtain the circadian 
rhythm of patient’s organism and therapeutically manipulate it. 
The consequence of synchronizing central and periferal clocks is 
normal functioning of many homeostatic processes in the body.
The 2nd course was held in May 2022 and brought together med-
ical doctors, pharmacist, psychologists, nutritionists and kinesi-
ologists, with the aim to teach them new human physiology and 
how to incorporate it in everyday practice. They all get the same 
knowledge, what is real revolution. Teaching the same knowledge 
to different medical specialties bring them together and ensures 
that medicine is practiced everywhere where there is medical issue. 

Bearing in mind the PNEI approach, all caregivers set the same 
goal, to heal the person, not the disease itself.
The course lasts for 5 days, but our participants are encouraged to 
ask for assistance in future, with no time limits.
The course is limited to 8 participants, thus providing more in-
dividual training and more chance to ask and participate actively.
Croatian Medical Chamber and Croatian Psychological Chamber 
validate the course with CME points.

Clinical Psychoneuroendocrinoimmunology in praxis
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The 61st Anniversary of our traditional Mind & Brain INPC Con-
gress was held again as a virtual scientific event from May 26th 
- 29th 2022.
The Congress was organized by International Institute for Brain 
Health and Department of Medical Sciences of Croatian Academy 
of Sciences and Arts, together with Society for Neuropsychiatry, 
Croatian Society for Personology, Personality and Eating Disor-
ders, Central and Eastern European Stroke Society (CEESS) and 
Croatian Stroke Society under endorsement of the World Fed-
eration for Neurology (WFN). Technical support was provided 
by Dedal komunikacije. The Congress is accredited by Croatian 
Medical Chamber and the Croatian Council of Physiotherapists.
Due to our traditionally excellent scientific program, bridging 
neurology and psychiatry and adjacent disciplines, there were 
more than 750 registered participants, being able to watch video 
lectures and actively participate in live discussions after every lec-
ture. 

During Plenary session Vida Demarin presented inspiring lecture 
on neuroplasticity in health and disease. Further plenary lectures 
were: What mean the frequent minor CSF pathologies in severe 
mental disorders by prof. Karl Bechter from Germany, Toward a 
truly psychosomatic medicine – why somatic comorbidity matters 
in psychiatric disorders by Martin Bruene from Germany, Func-
tional neurological disorders by Osman Sinanović form Bosnia 
and Herzegovina, Post-acute COVID-19 depression and neuro-
cognitive impairment by Francesco Benedetti from Italy, Sleep 
disturbances in neuromuscular disorders by Ervina Bilić from 
Croatia, and Botulinum toxin type A from the periphery to the 
brain by Zdravko Lacković from Croatia. 

The traditional Graz Stroke Symposium was chaired by Kurt 
Niederkorn and Thomas Gattringer, Neurogenetics Symposium 
by Željka Krsnik and Fran Borovečki, Neurodegenerativne and 
Alzheimer’s Disease Symposium by Vladimira Vuletić and Miro-
slav Cuturic, Headache Symposium by Sonja Antić and Marjan 
Zaletel, Stroke Symposium by Anita Arsovska and Bojana Žvan, 
Multiple Sclerosis Symposium by Vanja Bašić Kes and Uroš Rot, 
Epilepsy Symposium by Iris Zavoreo and Ana Sruk, Psychoneu-
roendoimmunology Symposium by Vida Demarin and Sanja 
Toljan, HISPA Symposium by Sandra Morović and Nebojša 
Tasić, Forensic Psychiatry and Personology Symposium by Darko 
Marčinko and Nadica Buzina, and Neuropsychiatry Symposium 
by Ivica Šain and Hrvoje Budinčević.  

After few years and three International Sport Psychiatry Sympo-
siums, the Sports Psychiatry Symposium was again organized by 
Valentin Markser and Croatian psychiatrists (Darko Marčinko, 
Tomislav Franić, and Stipe Drmić). Traditional Multiple Scle-
rosis Day was celebrated by special Pula’s MS Day Symposium 
chaired by Silva Soldo Butković, Dolores Janko Labinac and Sanja 
Tomasović.

During Closing Ceremony, led by Vida Demarin and Hrvoje 
Budinčević, three best posters from neurology and three from 
psychiatry were awarded by prizes, the first two prizes given by 
the City of Graz, and second and third prizes were given by INPC 
Kuratorium and International Institute for Brain Health.

Satellite Symposia were rich with recent data on the newest thera-
peutic possibilities and achievements.

MIND & BRAIN – 61st International Neuropsychiatric Congress 

VIRTUAL, May26th-29th 2022.
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Altogether after more than 130 presentations (lectures and posters) 
our 61st Mind & Brain congress was very successful with lots of 
interactions and vivid discussions. Eminent lecturers from many 
parts of the world shared their enormous knowledge and expertise 
with young colleagues, widening the perspectives and opening the 
new paths and the new directions, following the founding idea of 
this congress: Pula School of Sciences and Humanity. 

Save the date for the next year!
May 18th -219st 2023.
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Our traditional 32nd Summer Stroke School “Healthy Lifestyle 
and Prevention of Stroke and Other Brain Impairments” this year 
had to be organized again as a virtual event. 
The Summer Stroke School is a part of academic program of Inter-
University Centre Dubrovnik, organized by International Insti-
tute for Brain Health and Croatian Stroke Society, and co-organ-
ized by Department of Medical Sciences of the Croatian Academy 
of Sciences and Arts, Central and Eastern European Stroke So-
ciety endorsed by World Federation of Neurology, World Stroke 
Organization, European Academy of Neurology, and European 
Stroke Organization. It is accredited with 4 ECTS credits and by 
Croatian Medical Chamber and Croatian Council of Physiothera-
pists.
Founder and Course Director is Vida Demarin, who successfully 
run the school together with Board Directors Roman Haberl, 
Kurt Niederkorn, and Hrvoje Budinčević. Unfortunately, this 
year prof. David Russell, a Board Director of our school passed 
away on April 21st, 2022. Prof. Russell was an expert in the field 
of neurosonology and stroke, and his contribution to our School 
was substantial. He shared his knowledge selflessly, and he was 
always open answering and explaining the neurological topics. He 
was fully committed to our School and Dubrovnik. He usually has 
said during our School that every day on our School in Dubrovnik 
was “just another day in paradise.” 
The program of the school is traditionally inspiring and rich with 
recent knowledge, what was the reason that there were five hun-
dred registered participants from different regions of the world.
Live sessions with pre-recorded lectures and live discussion with 
Q&A sessions were organized each afternoon. 
The opening by Vida Demarin included the introduction to 
32nd Summer Stroke School and lecture on “Art and Stroke in 
Females”, Hrvoje Budinčević presented Stroke Action Plan for 
Europe. Anita Arsovska and Željko Živanović presented relation-
ship between Stroke and COVID-19 and COVID-19 vaccina-
tion. Other brain impairments such as dystonia, Alzheimer’s dis-
ease and Multiple Sclerosis were presented by Vladimira Vuletić, 
Fran Borovečki, and Svetlana Tomić respectively. Tuesday started 
with Marina Boban’s lecture about diagnostic and treatment op-
tions in frontotemporal dementia. Lucie Esterl-Pfaeffl gave a lec-
ture about sleep deprivation and a risk for heart and brain. Dalius 
Jatuzis presented updates on dyslipidemia, statins and stroke, and 
diagnosis and treatment of cerebral venous thrombosis. Gordian 
Hubert presented opportunities and risks from thrombolysis after 
surgery. Ana Sruk spoke about stroke and epilepsy. Irena Đorđeva 

presented lecture about ischemic stroke in young adults. The day 
finished with Svetlana Tomic lecture on treatment of advanced 
Parkinson’s disease. 
Wednesday started with two lectures by Senta Frol regarding 
treatment of acute stroke patients on DOAC-s, and initiation of 
DOACs in secondary stroke prevention in elderly. Bojana Žvan 
shared the experience of mechanical revascularization in Slove-
nian Telekap Network, Željko Živanović presented mechani-
cal thrombectomy in posterior circulation stroke, and Hrvoje 
Budinčević presented opportunities of telerehabilitation in stroke. 
Natan Bornstein gave two lectures about stroke and diabetes, and 
dual antiplatelet therapy in secondary stroke prevention. 
Recent advances in Neurosonology presented on Thursday by 
Kurt Niederkorn, Fabienne Perren and Hrvoje Budinčević. Prof. 

32nd Summer Stroke School “Healthy lifestyle and prevention 
of stroke and other brain impairments”  

VIRTUAL June, 6th-10th, 2022.            
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Ekaterina Titianova, our friend, colleague, supporter and a neu-
rosonology and stroke expert was planned to attend and give lec-
tures on this year School again, but she passed away on January 
2nd. 2022. Bojana Žvan and Hrvoje Budinčević presented news 
in migraine treatment and stroke risk in patients with migraine, 
respectively. Nikola Barić gave a lecture on Alzheimer’s disease 
pathophysiology. 
Friday started with Sandra Morović’s lecture on sport and brain 
plasticity, followed by Vida Demarin’s lecture on lifestyle chang-
es and dementia prevention. A special workshop with Munich 
Neuro Quiz by Roman Haberl was updated and repeated. Roman 
Haberl prepared stroke article analysis too.
There were two satellite symposia discussing the recent therapeu-
tic possibilities.

During this interesting program, participants were very satis-
fied with its content and online presentation, but all of us, from 
newcomers to longstanding lecturers were sad for not being live 
in Dubrovnik for third consecutive year. We deeply missed its 
unique atmosphere and sincere hospitality, but we do hope that 
we will meet there in person next year.
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Author: 
Hrvoje Gašparović

The Croatian Association for Cardiac Surgery, under the auspices 
of the Croatian Academy of Sciences and Arts, held its 2nd Na-
tional meeting in Rovinj, from May 12-14, 2022.
The primary goal of our Association is to provide a joint platform 
for all medical professionals engaged in the field of cardiac surgery. 
The National meetings of our Association are held biannually and 
represent its scientific and academic pinnacles. 
The emphasis of the scientific program was on the contemporary 
lines of management in the field of cardiac surgery, with focused 
insights into both perioperative treatment and transcatheter alter-

2nd Congress on Cardial Surgery    

Rovinj, May 12-14, 2022.          

natives to conventional surgery. We were fortunate to have guest 
speakers from Austria, Hungary, Serbia, Bosnia and Hercegovina 
as well as Macedonia. The 2nd National meeting of the Croatian 
Association for Cardiac Surgery was the largest regional cardiac 
surgical conference over a period of 2 years. We were very proud 
to see that the attendance exceeded the total number of members 
of our Association by a factor of 4. This was a clear illustration of 
the quality of our program and the significant impact the Croa-
tian Association for Cardiac Surgery and the Croatian Academy of 
Sciences and Arts have in the region. It was a pleasure to host the 
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Symposium of operating room nurses and technicians as a satellite 
symposium to our core cardiac surgical meeting. Our nurses and 
technicians are an integral component of all cardiac surgical teams 
and critical in the management of our patients.
This joint venture of the Croatian Association for Cardiac Surgery 
and the Croatian Academy of Sciences and Arts is a continuation 
of a successful collaboration these two organizations have had in 
the past and will hopefully continue in the future. 
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MOST ILLUSTRIOUS ALUMNI OF THE SCHOOL OF MEDICINE, UNIVERSITY OF 
ZAGREB, ZAGREB, CROATIA

Dear Readers,

In the issue 544=52-53 of our periodical, RAD HAZU – Medical Sciences, we introduced a new 
feature entitled ESSAY – INTERVIEWS „Corresponding Members of Croatian Academy of Sciences and 
Arts, Department of Medical Sciences “. For the issues 54-55; 56-57 and the present issues 58-59 of our 
journal we decided to expand the scope of that series and include interviews with other internationally 
known alumni of the School of Medicine, University of Zagreb, Zagreb, so that we could profile even 
those alumni who are not Corresponding Members of the Croatian Academy of Sciences and Arts. 
This change of venue required us to change also the title of this series of interviews, and rename it in 
Latin Illustrissimi alumni Facultatis Medicae Zagrabiensis. The same interviews, translated into 
Croatian will be published on the electronic web site of the Medical Faculty mef.hr. 

Dr. Ivan Damjanov, Emeritus Professor of Pathology, The University of Kansas School of Medicine, 
Kansas City, USA, who is also a Corresponding Member of the Croatian Academy of Sciences and 
Arts agreed to continue conducting these interviews. Like the initial interviews those in the present 
volume are produced under the same Latin title in cooperation with the editors of “mef.hr”, the official 
website of the School of Medicine, University of Zagreb. The preface to the initial series of interviews 
is reprinted here for historical reasons and to show that the main goals and intentions for this series 
remain the same despite the changes of the title of the series. In the present issues 58-59 there is one 
exception because Ivan Damjanov-Interview was conducted by Marko Pećina.

Marko Pećina

========================

The preface in the Issue 544=52-53

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 University of Zagreb, Zagreb,Croatia. 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
Ivan Damjanov

ESSAY - INTERVIEWS
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1. Two years ago, when you and I started talking about these alumni interviews, you probably 
never thought that you will be asked to do one with me. But it is now your turn and I am glad 
that you consented to let me interview you. 

You are right, this was not in our initial plan, but I must admit that I am pleased to comply and an-
swer a few questions that you prepared for me (Figure 1).

2. Let me start with a question about your name. How 
did you get it? 

I was born in 1941 in the Kingdom of Yugoslavia in a city 
called Subotica, which is now in the northern part of the 
Republic of Serbia. Five days after my birth, Hitler declared 
war on Yugoslavia and a few days thereafter the entire coun-
try fell apart into several smaller parts, some of which were 
annexed to the neighboring countries allied with Germany. 
My native town was occupied by Hungary. The Hungarian 
authorities had a list of officially approved i.e., permissible 
names. From that list my parents chose a name that was 
both Croatian and Hungarian. In Croatian the little Ivan is 
called Ivica, and my grandfather shortened it to Ica, or its 
vocative, Ico, and that’s how my friends still call me. 
Upon my emigration to the US I became Ivan again. 
However, my name was pronounced now with an Ameri-
can twang and beginning with an “ay”, unless I taught my 
interlocutors how to pronounce it correctly. My last name 
presented additional problems to anglophone people and I 
played with the idea of changing the “j” in my last name to 
a “y”. However, my daughters objected, and we did not do 

it. Americans like shortcuts and thus, for practical reasons, my residents shortened my last name and 
started calling me Dr. D (“Dee”). 

3. How did you come to Zagreb from your Subotica, the town of your birth?

A simple answer is by train, following the decree of my father. I grew up in a patriarchal family and 
my father had almost absolute authority to do whatever he wanted. He studied veterinary medicine in 
Zagreb in the 1930ies and in his mind that was the most cultured city in Yugoslavia. Thus, he decided 
that his son must get the best possible education and transferred me to Zagreb as soon as that becomes 
feasible. Soon after my eleventh birthday he managed to enroll me into the Classical high school in 
Zagreb, despite the protestations of my mother and grandmother. To appease them he bought a house 
in Zagreb and shipped me away together with my grandmother to join my uncle who was studying 
engineering there. I loved my high school and still like Latin, the language that we studied for 8 years 
with our beloved professor Marijan Bručić (Figure 2).

Ivan Damjanov Interview

Ivan Damjanov, Emeritus Professor 
of Pathology, The University of 

Kansas School of Medicine, Kansas 
City, Kansas, USA. He received 

his MD and PhD degrees from the 
University of Zagreb, and honorary 
doctor degrees from the University 

of Novi Sad, Serbia and Charles 
University, Prague, Czech Republic. 

As a Diplomate of the American 
Board of Pathology he worked at 

several University Hospitals in the 
USA, and also taught at four Medical 

Schools, including University of 
Connecticut, Hahnemann Medical 

College and Thomas Jefferson 
University in Philadelphia, and 

University of Kansas. He is 
best known for his research in 
developmental biology, tumor 

markers immunohistochemistry 
and medical education. He is a 
corresponding member of the 

Croatian Academy of Sciences and 
Arts.

 
e-mail: idamjano@kumc.edu 

Figure 1. Interviewer Marko Pećina and the 
interviewee Ivan Damjanov, Zagreb, April 2022.
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Figure 2. Graduation party, Classical High School, Zagreb 1958. Ivan Damjanov is first from the right in the front row. Professor Marijan Bručić was the headroom teacher who  
led these students from their first grade till graduation. Several of the students on this photograph have achieved prominence in Croatia: Ana Karić, dark-haired woman to the 
left of the professor became a famous actress. Smiljko Sokol, the men with a moustache to the left of her became professor of law, and wrote, together with two other lawyers, the 

Constitution of the Republic of Croatia in the 1990ies. Krešimir Veselić, next to Damjanov, became a university professor of mathematics and a corresponding member of HAZU. 

4. Do you feel that Zagreb is your real home?

I was already asked the same question in another interview in 
Spain and I answered it quoting Rudyard Kipling: “ We’ve only 
one virginity to lose, and where we lost it there our hearts will 
be”. I lost my sexual and intellectual virginity in Zagreb, and 
thus I know for sure where my heart will be forever.
In Split, where we bought an apartment a few years ago and still 
spend a part of our retirement, they often ask me from which 
part of the “region” I came from. I tell them that I am from 
Zagreb. Even though I have spent more than 20 years in that 
town and still go there to vote and pay my taxes, I do not speak 
with a real Zagreb accent and do not use the local slang. My 
interlocutors would therefore usually ask me “Where are you 
really from?”. To cut the discussion short I would tell them that I 

am actually an American from Kansas. Unfortunately, were I to 
speak English to Americans, they would immediately recognize 
that I have a non-American accent. For the hard-core national-
ists, I am thus neither a good enough Croat nor an American. 
I must disappoint them, however, since I feel at home on both 
sides of the Atlantic and do not give a hoot about them nitpick-
ing about my real nationality.

5. What do you remember of your student days in Zagreb?

Optimism of the memory has wiped out from my mind the 
remembrances of all bad days. All that remain are recollections of 
the nice moments. I liked attending the lectures at the Medical 
School and I dutifully went to most of them, indiscriminately 
paying attention to most of my professors. I was an obsessive 
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note-taker, and regularly transcribed my notes into well organ-
ized notebooks. While paying attention to my professors I also 
tried to imitate them and I also tried to learn how to teach, how 
to explain complexities of biomedical sciences and, most impor-
tantly, how to ask questions, anticipating what could show up on 
the oral exams that we had at the end of each course.

Some of my professors stand out in my memories more than the 
others. For example, we were all awestruck by professor Drago 
Perović , the anatomist who drew in front of us on the black-
board intricate parts of the human body. Since I do not know 
how to draw, I was actually discouraged by his bravura perfor-
mance, realizing that I could never visualize in my mind or draw 
with pen or pencil all those anatomic details like my professor. 
Little did I know then that I will spend my life in pathology, an 
epitome of a morphologic discipline.

During the first two years of my studies, I was most attracted 
to physiology. Soon after the course began I asked my profes-
sor Božović which English textbook of physiology should I buy. 
On his advice I bought the American translation of the text-
book written in Spanish by the Argentinian Nobel Prize winner 
Bernardo Houssay. It was the first English medical textbook from 
which I studied in great detail.From it I learned the essential 
biomedical English terminology and even more importantly I 
learned how to study and write. I still consider the money spent 
on Houssay›s book as one of the best investments of my life. And 
even today I still like medical books, maybe because I was at an 
early age imprinted by that physiology book.

The physiology lectures were those days given by only two 
professors, Ljubo Božović and Nikša Allegretti. I was mesmer-
ized by both of them and after the final exam I applied to 
become a teaching assistant in physiology (“demonstrator”, in 
Croatian) . Professor Božović was a witty joker and his lectures 
were always entertaining. He also liked to talk informally with 
us the students. The topics of those informal discussions varied 
from one day to another and were not always politically correct 
in the communist society of those days. I still remember how 
he commented about a well-known clinician who catered to the 
highly ranked communist politicians, calling him Incitatus. To us 
who knew Roman history from our high school days the message 
was obvious: If the Roman emperor Caligula could promote his 
own horse Incitatus to the rank of a God, who would prevent 
the communist rulers to promote their personal physician to the 
rank of a full professor!? 

Professor Allegretti was always serious and never smiled. We were 
always a bit afraid of him. Only later, when I started writing with 
him a manual for the student’s physiology laboratory practicum, 
did I realize how good a person he was and how much he cared 
about teaching and medical students in general. Among other 
things, he and his Department have actually motivated several 

of my upper-classmen, who were a few years older than I, to 
write student-generated mimeographed texts (known by us the 
students as”scripta”). Some of those students, such as Milivoj 
Boranić and Vlatko Silobrčić became later leading Croatian 
scientists.Personally, I learned from professor Allegretti many 
things. Above all I still remember him saying that, if you want to 
become a professor, it is not enough to know your subject; you 
must also care deeply about the students you are teaching.

During the third year of my university studies I was exposed for 
the first time to real medicine in two subjects: pathology and 
pathophysiology. Pathology was less than inspiring and was taught 
in a very pedestrian manner. Pathophysiology, on the other hand, 
was very exciting and we were almost all smitten by the presenta-
tions of professor Pavle Sokolić. Needless to say that I do not 
remember anything from his lectures . Still, if I were to close my 
eyes, I could see him vividly walking from one end of the lecture 
room to the other lecturing to us, as if he were a poet or a prophet. 
Only many years later, I became aware of a line from the Bible: It 
is a fearful thing to fall into the hands of the living God (Hebrews 
10:30). But in any case, it was a memorable experience.

At that time there were no textbooks of pathophysiology. My 
colleague Vlatko Grnja, who became later a radiologist in the 
US, and I proposed therefore to professor Sokolić, that we will 
record his lectures on a tape recorder. Our goal was to play 
back the recorded lectures, decode his words and dictate them 
to a transcriptionist, who was hired to this end by the Medical 
School. We spent many days working on that project but, unfor-
tunately, we never managed to complete the task and publish a 
textbook based on professor’s lectures.

A special place in my medical school remembrances is reserved 
for professor Nikola Škreb. I spoke about him in extenso in my 
interview for the International Journal of Developmental Biol-
ogy (http://www.ijdb.ehu.es/web/paper.php?doi=10.1387/
ijdb.120255ja ); thus there is no need to repeat it here. It should 
suffice to say that he was my mentor, my idol, and protector. He 
introduced me to science. I owe him more than I could say here. 

6. How did you get to America?

As a student I worked during my summer holidays as a tourist 
guide. During the school year I would also moonlight from time 
to time as a local guide whenever I was called by the tourist agen-
cy. One of those days, during my fourth year of medical stud-
ies, I had the chance to guide a group of American physicians 
from Hawaii. Talking to me in private, one of those physicians 
gave me his business card and suggested that I apply for future 
training to his hospital on that island. Upon his return to the 
US, he sent me application forms and all the necessary informa-
tion on how to reach America and continue my education there. 
Following his suggestions, I and two of my close student friends 
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passed the American medical licensing examination, known as 
ECFMG, which enabled us to continue our education in the 
US. Three of us moved then in 1967 to Cleveland and I com-
pleted two years of my pathology training in the US.

Those days there was a war in Vietnam and I did not want to 
apply for a US immigrant visa.
After two years of America I returned to Zagreb where I still 
had a job waiting for me in the Department of Pathology of the 
Medical School. My wife’s and my own parents were elated that 
we chose to return to Croatia in 1969. 

7. How was it when you returned for the first time from 
America?

I went to America two times and returned two times. The first 
few weeks after my first return to Croatia in 1969, I was in a 
horrible shock. I could not sleep, I had nightmares and I would 
wake up in the morning asking myself how I could have ever 
made such a stupid decision to come back. 

Those days the pathology residency training in the US differed 
significantly from that in Croatia. In America, pathology resi-
dents were spending their entire day in the hospital interacting 
with other clinicians and trainees of other profile, doing aspira-
tion cytology procedures, discussing medical problems and learn-
ing pathology in a clinical context. After two years of pathology 
training in the US I learned about 85% of all pathology I needed 
for my future practice, with the understanding that the rest I 
will continue learning on my own for the rest of my life. Instead 
of that I was told in Zagreb to forget about this “American 
nonsense” and to apply myself to mastering “my real trade”, by 
which they meant autopsy dissection. Nobody was teaching me 
anything else and most of us residents were autodidacts learning 
microscopy and other skills on our own.Most importantly we 
had only limited access to real clinical material.

 After the daily autopsy routine during the morning hours, we 
were typing our own reports. Needless to say, I became quite a 
typist, although I asked myself often if that’s why I went to medi-
cal school. Our contact with clinical physicians treating living 
patients were minimal, since most hospital facilities were located 
at Rebro, 3 km away from our Institute of Pathology. I felt that 
I am stagnating and actually moving away from clinical practice. 
Instead of being trained to become a clinical pathologist I was 
supposed to become an autopsy attendant. It is worth mention-
ing that today in the US the performance of autopsies accounts 
for less than 5% of a pathologist’s daily duties.

After a few months, I adjusted to the new situation and decided 
to make my own schedule. Accordingly, I would complete my 
autopsy duties in the morning, type quickly the autopsy report 
and then spend the rest of the day in the Department of biology 

working with professor Škreb and my friend Davor Solter, who 
was an assistant in that Department.

It turned out that I had luck and made a good decision. Ameri-
can financial wizard Kevin Davis defined luck as something that 
“happens when preparation meets the opportunity”. He also said 
that “you need to put yourself in a right position to have luck.” 
My preparation included two years of pathology training in the 
US, during which I mastered the basic elements of diagnostic 
histopathology, started thinking like a pathologist , and learned 
some new laboratory techniques such as electron microscopy 
and histochemistry. I also learned how to write scientific papers, 
review published material and critically approach problems. The 
opportunity opened up by chance when Davor and I realized 
that we could produce malignant tumors from mouse embryos 
transplanted to extrauterine sites. Our discovery that we can 
produce malignant tumors called teratocarcinomas from normal 
embryos without exposure to chemical of physical carcinogens 
was published in the British journal Nature in 1970. At that mo-
ment I learned the real meaning of the word serendipity. 

This paper marked the beginning of my scientific career. It was 
like an entrance ticket to an exclusive international club of lead-
ing embryologists and pathologists working on the borderland 
between pathology and embryology as defined by the leader of 
this endeavor Rupert Willis. It helped that professor Škreb became 
the president of the European Society of Developmental Biology. 
We suddenly had access to the most important meetings and were 
talking with movers and shakers of real science. We continued 
working hard and in four years published a dozen of papers in 
high impact journals indexed in SCI and Current Contents . I 
also remember how excited Davor and I were by a letter from the 
International Agency of Cancer Research in Lyon in which they 
invited us to write a chapter on mouse germ cell tumors for an 
Atlas of Laboratory Animal Tumors for the World Health Organi-
sation (WHO).Jokingly, we referred to it as the “Micky Mouse 
Atlas”, yet we were very proud: It seemed that our work began to 
be recognized by the “big guys” in the outside world.

It was not easy since we were working in a modestly equipped 
small lab. We had to do essentially everything ourselves , from 
supervising the mating of animals , isolating the embryos, mixing 
the chemicals to cutting the frozen sections, or developing the 
photographs, typing the manuscripts etc. Typing was a special 
challenge: Those days all major journals required from authors 
to submit each manuscript in triplicate and that meant typing 
with carbon paper copies and then correcting each typographi-
cal error or starting the page from scratch. But we were young 
and highly motivated, and nothing was too difficult. Each paper 
that was accepted for publication was a new stimulus to intensify 
our efforts. I remember copying into one of my note books the 
motto of US Marines unit Seabees: “The difficult we do at once; 
the impossible takes a little longer.”
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8. How did you finally decide to move to America?

It was not easy for me. I am an emotional person, I loved the 
country of my birth, and I sincerely believed that my scientific 
career will blossom one day in Zagreb. My mother Ana, and 
especially my mother-in-law Gela were constantly trying to 
persuade me and my wife to stay in Croatia. My mother even 
spent all her savings to build a summer home in Biograd on 
the Adriatic, where our children loved to vacation. And to be 
honest, since we had a house in Zagreb, living on two modest 
but adequate salaries, with a live in maid and grandma available 
on demand to take care of our children , the day to day life in 
Croatia was quite comfortable. 

In my professional life I made nominally significant progress and 
earned the title of titulary assistant professor (“naslovni docent”). 
Nevertheless, I had a haunting impression that my scientific 
work was not progressing fast enough. Worst of all, I was not 
able to establish my own laboratory in the Department of Pa-
thology. Old time pathologists running the Department were in 
principle opposed to any animal or experimental research to be 
performed on their premises. I felt alienated and frustrated.

In the nineteen seventies the Vietnam war was slowly coming to 
an end, and also my family situation changed with my mother 
dying of lung cancer. Davor left for America, and I was unable to 
recruit any junior colleague to join me in the laboratory. Like my 
senior pathologists in the Department I was spending afternoons 
many days per week performing autopsies in smaller hospitals to 
earn some money. I even wrote articles for newspapers to earn 
a few dinars. I simply could not accept that “that was it” and 
finally decided to move the the US. 

Once I made up my mind to leave Croatia I accepted an offer 
from the University of Connecticut in Farmington, CT and 
moved there in 1974. New life with a new beginning included 
working in the hospital, studying for the exams to obtain a medi-
cal license, and writing grants to obtain funds so that I could 
establish a research laboratory. Once I obtained the research 
funding, I realized that I could not handle the hospital respon-
sibilities in parallel with research. Looking around for a more 
congenial place I finally moved to the Hahnemann Medical Col-
lege in Philadelphia. My new boss, Dr. Emanuel Rubin (Figure 
3) reduced drastically my clinical duties and gave me free reins 
allowing me to spend most of my time in the research laboratory. 

My primary task was to secure good funding of the research 
operation and also organize the postgraduate doctoral studies in 
pathology for non-medical graduates. During the next 9 years 
that I stayed at Hahnemann our Department educated over 30 
students who graduated with a master’s or doctoral degree in 
experimental pathology. I was the mentor to 15 PhD students 

and supervised their theses (Figure 4). Most of these students got 
jobs in the pharmaceutical industry, but some of them became 
full time researcher or joined academia in another form. Some 
of them gave up on science and became medical doctors. Our 
Department rose to national prominence, and after 8 years at 
Hahnemann we were recruited to move to Jefferson Medical 
College in Philadelphia. During one week of June of 1986,under 
the leadership of Dr. Rubin, 52 of us moved to Jefferson Medical 
College, into modern laboratories that were renovated for our 
team. At that time I had 3 NIH research grants , several post-
doctoral fellows and graduate students. I even brought 3 young 
doctors from Croatia to work in my laboratory (Figure 5). 

At the same time I became involved in medical student teaching 
and wrote my first medical students textbook of pathology. I was 
also in charge of the education of pathology residents. I contin-
ued these educational activities throughout my professional life. 
Unfortunately, even though I have trained more than 200 young 
pathologists during my 50 years of hospital practice, not a single 
one of them became a fulltime scientist. Four of them became 
chairmen in their university departments. One of them even 
received the highest national award for teaching of pathology, 
and another one earned the title of the best college professor in 
the State of New Jersey.

9. Did you have enough time for science during your profes-
sional life?

Abraham Flexner, a great reformer of medical education in the 
US studied the American medical schools for several years during 
the first few years of the 20th century. In 1910 he published the 
results of his study. In this report he recommended the closure of 
most US medical schools that did not meet the standards which 
he defined for the US medical schools for the rest of the twentieth 
century. He also decreed that the teachers in those medical schools 
should meet certain criteria. According to Flexner, ideal academic 
physicians should all have a tripartite career: they should practice 
clinical medicine, work as scientists in the laboratory and at the 
same time act as teachers educating medical students and residents. 
As a young graduate I accepted Flexner’s recommendation and 
from my first days in America till 2018, when I retired, I endeav-
ored to remain a Flexnerian tripartite academic physician.

I think that I was quite successful, although during these 50 
years in academic pathology my emphasis changed somewhat 
from one aspect of my biomedical career to another. For the first 
20 years my emphasis was on research and during that time my 
laboratory was constantly funded by grants from the National 
Institutes of Health, Bethesda, Maryland. In parallel with my 
research I was also practicing hospital medicine working in 
pathology laboratories of my universities and teaching in medi-
cal schools. In mid- eighties of the last century, I became more 
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Figure 3. With Dr.Rubin, his chairman  for 17 years. Figure 4. At the graduation of one of  the 15 PhD students whom he s
upervised and mentored.

Figure 5. Sitting in the right corner, surrounded by members of his research laboratory. Three young  Croatian doctors are also present: 
Hrvoje Vrčić and Božidar Horvat, who were working on their science doctorates (PhDs, to be defended upon their return to Croatia) 

and  Zoran Gatalica, who had already had a  DSc degree from Croatia. 
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involved in teaching of medical students and my practice of 
pathology changed because I became more subspecialty oriented. 
Accordingly, I developed special expertise in the pathology of the 
gastrointestinal and urogenital tract, with focused interest in the 
pathology of male and female gonads and kidneys. During the 
last 20 years I have also devoted a lot of time to my educational 
activities and have published a number of pathology textbooks 
and ancillary texts for medical students and residents.

Analyzing my professional trajectory, I must admit that I have 
betrayed to some extent Dr. Flexner and his ideals. However, we 
all know that in today’s medical practice and research, sub-spe-
cialization is the only way to survive and advance, and thus I re-
alized that something had to give in. Furthermore, I am not sure 
that anybody could be still a true tripartite Flexnerian academic 
physician. I console myself saying that at least I tried, and in my 
mind, I followed his recommendations, as much as I could. 

In spring of 2010, I attended an international meeting organ-
ized in Split by my friend Matko Marušić in honor of the 100 
year’s anniversary of Flexner’s Report. It was refreshing to note 
that many of us still remained devoted to Flexner’s ideals. Once 
Flexnerian, Flexnerian for the rest of one’s life, even though 
all of us were cognizant that some of master’s tenets needed to 
be changed and adapted to realities of medical practice in the 
twenty first century. .

10. What is your most important contribution to science?

In response to this question I like to joke and say that my most 
important contribution was to introduce Davor Solter to Nikola 
Škreb, with whom we then published several notable papers (Fig-
ure 6). As you may read in the interview with Davor, thereafter 
he moved to America and became the most famous develop-
mental biologists of our times and the best known offshoot of 
the Zagreb School of Developmental Biology founded by our 
beloved professor.

To answer your question , I eyeballed the list of my publications, 
reflected about them and then decided that my most important 
paper was the 1970 Nature publication in which three of us 
described how to produce embryo-derived teratocarcinomas. We 
published thereafter a series of articles about teratocarcinomas 
and embyo-derived tumors, such as the yolk sac tumor. However, 
as the musicians would say , those were only “variatinons on a 
theme“. The research on tertocarcinomas exploded thereafter and 
several important meeting dealing with this problem were held, 
including the best know in Cold Spring Harbor attended by Fran-
cois Jacob the French Nobel prize winner. The real advances in the 
field were published by other groups of scientists who were better 
versed than us in laboraotory techniques such as tissue culture, cell 
cloning and manipulation and growth embryos undert controlled 

conditions, isolation of appropriate growth factors and gene clon-
ing. At the end it was the Englishman Martin Evans who received 
the Nobel prize ; the Nobel committee in Stockholm had to 
choose one member of that group that worked in this field. But for 
me, as another Nobel prize winner, Francis Crick said, “it was im-
portant to be there when the piciture was painted“. I am glad that 
my modest “brush strokes“ contributed at least something to the 
final picture that we all had in our minds.The group picture of the 
last meeting of that “teratocarcinoma group“, shown in Figure 7, 
was held early in the 21th century at the University of Bristol,UK, 
where Martin moved at the end of his career..

The momentous advances of immunohistochemistry in the nine-
teenseventies attracted me and I became interested in producing 
and testing of monoclonal antibodies. Some of those antibodies 
that we tested with Davor Solter, his wife Barbara B.Knowles and 
Peter W.Andrews are still used today. I think that these collabo-
rative studies made a significant impact in embryology as well 
as pathology. Thereafter, after the human embryonic stem cells 
(ESC) were discovered I was involved in further characterizing 
them. As predicted by our previous work on mice, we showed 
that the human ESC represent normal equivalents of malignant 
stem cells of teratocarcinomas, known by pathologists under the 
name of embryonal carcinoma. Unfortunately, we did not de-
velop a system that would allow us to transform the benign ESC 
into malignant embryonal carcinoma cells, one of the several 
projects that I never completed.

For my sceintific work and the teaching I received several awards, 
including the honorary doctorates from the university of Novi 
Sad and the Charles University in Prague, Chech Republic 
(Figure 8). I am also a corresponing member of the Croatian 
Academy of Arts and Sciences and the Vojvodina Academy of 
Arts and Sciences.

Figure 6. With Davor Solter standing next to  professor Nikola Škreb whom we 
honored by organizing an  international  meeting in Dubrovnik. 
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Figure 8. Honorary doctor degree ceremony at the Charles University 
in Prague including the photograph with the official promotor, Dr. 
Alena Skalová 

Figure 7. Last teratocarcinoma meeting held in Bristol,UK.Standing  behind Barbara B.Knowles, who is in the front row. Martin Evans, the Nobel Prize winner, is standing first 
from the left in the first row. Davor Solter is in the last row in the middle.Peter W.Andrews of Sheffield,UK, the organizer of the meeting,  is standing in the  third row to the right.  
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11. You worked as a hospital pathologist most of your life .Tell 
us something about this aspect of your professional life.

Pathology is considered to be a basic medical discipline but it 
is also a clinical specialty. Traditionally it is considered to be 
the basis of clinical medicine. William Osler, one of the four 
legendary founders of the most prestigeous American medical 
center, The Johns Hopkins University School of Medicine in 
Baltimore,Maryland, spent his working days in the clinics, and 
yet found time to personally perform autopsies on the bodies of 
his dead patients. His famous dictum was: “The way is our pa-
thology, thus is our medicine“. I still believe that Osler was right.

Pathology as a science and a clinical discipline has unfortunately 
been lagging behind other medical specialties for a good part of 
the 20th century. Then a few major events took place and revo-
lutionized the the practice of diagnostic histopathology. The firt 
one of those events was marked by the introduction of monoclo-
nal antibodies into the daily practice of pathology. The second 
revolution took place during the early days of 21st century when 
pathologists began using the techniques of modern molecular 
biology to study and analyze the clinical specimens. I was lucky 
enough to participate in both of these revolutions.

My contributions related mostly to the first revolution as 
reflected in some 100 papers dealing with immunohistochem-
istry. Most of these papers I would classify as applied science, 
but I think that I still contributed to the better understanding 
of several human disease, most notably some tumors of the 
urogenital tract. I also lent my expertise to my clinical colleagues 
with whom I collaborated in elucidating the pathological basis 
of some important diseases such as diabetic gastropathy or some 
newly discovered tumor variants. My experimental work on mice 
helped me understand better some human tumors. 

My experience and knowledge I tried to transmit to my residents 
and students, and for those efforts I received quite a few awards 
from both groups. Teaching was an integral part of my medical 
practice, and I used to say that you cannot practice medicine with-
out teaching.I enjoyed it since by teaching others I also learned 
many new things.The Latin apothegm , “discendo discimus“ (by 
teaching we learn) assured me that I should continue along that 
pathway. The vicarious pleasure which I experienced when a stu-
dent of mine would surpass me to become better pathologist than 
I ever was , cannot be described. I always repeated to myself, as 
well to others the adage of Leonardo da Vinci who said that “poor 
is the the pupil who does not surpass his master“.

12. How many papers did you publish?

I do not know the exact number, since I stopped counting them 
many years ago. Index Medicus lists under my name more than 

330 papers, but not all of them would should be considered as 
scientific. Furthermore, I wrote quite a few book chapters, gave 
several interviews or wrote opinion papers for newspapers and 
magazines, participated in discussions and wrote polemics. 

 From 1988 to 2003 I was the editor for book reviews for the 
journal Modern Pathology, the official journal of the US-Cana-
dian Academy of Pathology. For that journal I wrote more than 
150 book reviews, which I do not list among my publications 
or in my CV . Thereafter I worked 10 years as the Editor for 
pathology books for Doody Publishing, an on line medical book 
review service, and published electronically another slew of book 
reviews. All this I did because I love books and also because I 
thought that my write-ups will help others, including the writers 
of those books, and promote pathology books in general. I am 
not sure that I succeeded, but my writing contributed to my 
“name recognition” among the pathologists. As the saying goes, if 
it not fun, it is not worth doing, and I enjoyed doing it.

13. How many citations did your papers receive?

Professional biometricians claim that counting citations could 
provide a better way to quantitatively evaluate a scientist’s overall 
output than by counting the number of his/her publications. I 
am very skeptical about either one of these two approaches , but 
unfortunately people often assign more faith to the numbers 
than written evaluations of a scientist’s opus. Numbers are sup-
posed to be more objective, or at least people believe them more 
than descriptive evaluations. People quote Lord Kelvin who said 
something to the effect that “if it cannot be measured it is not 
science”.

Anybody who sat on academic committees charged with evaluat-
ing scientists knows that it is much simpler to count the papers 
and citation, rather than read the published papers themselves. 
On the other hand, maybe we should ask ourselves what do all 
those numbers mean and how objective they actually are. And 
of course we should ask ourselves what for are we using these 
numerical data. For comparison with others? As proof of some-
body’s academic value or productivity? For compiling lists of the 
best and most cited Croatian scientists? Or to boast in front of 
your friendly journalists who will use the data as sacrosanct, sup-
posedly irrefutable evidence that you are a prominent scientist? 

According to Google Scholar my papers were cited more than 
17 700 times. Data of this kind helped me a few years ago to get 
listed in a Croatian weekly magazine as one of the most cited 
Croatian scientist. But let’s not be too serious about this .Please 
allow me therefore to give you a few examples and thus illustrate 
how unreliable these “objective numbers” may be and how easy it 
is to manipulate them.
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Example 1. If you analyze my own data on Google Scholar you 
will see that my citation score has been improved lately by quite 
a number of citations of the Croatian medical school textbook 
of pathology, on which I am listed as the first of the four editors. 
Medical students apparently cited this textbook in their gradu-
ation thesis and that bumped up my citation score. Student 
papers that were not published in a peer reviewed journal con-
tributing to my citation score!? Obviously not a very scientific 
approach to increasing your citation score. Still, I am glad that 
my textbook was put to good use by all those students who 
quoted me and this helped them graduate.

Example 2. My most often cited paper was published in Nature. 
Impressive, since this is a high impact biomedical journal. For 
this paper I analyzed by electron microscopy two liver cancer de-
rived cell lines, still widely used in the laboratories. However, the 
reviewers and the editors of Nature decided that my EM pictures 
were not important and they were thus never published. Accord-
ing to my estimate, my contribution to this paper accounted for 
less than 1% of the total message. Still, it is worth mentioning 
that this paper was cited more than 1600 times. Papers that are 
cited more than 600 times are considered by Science Citation In-
stitute as classics; accordingly, I could brag that I have a “citation 
classic paper”. I am a bit sheepish about this “honor”, and men-
tion it only in discussions about the absurdity of “citation fame”. 
As my former chief used to say: “With this data and 3 dollars in 
your pocket you could get a ticket for the New York subway”.

Example 3. My second most cited paper contains my real con-
tribution. In this paper we reported some truly important data 
about human embryonic stem cells. However, if you scan the list 
of authors of this paper, you will see that it comprises some 60 
names, listed alphabetically to avoid quarrels among the coau-
thors. Did I contribute 1/60 of the total message or a little bit 
more? Hard to say, but for all practical reasons answers to such 
a question are probably not too important. Even the so called 
objective numbers have their limitations, if you want to accept 
them. Or ignore them, as we most often do.

At the end, let me also say that I am not completely innocent 
in this citation game. From 1982 till 1994 I was the Associate 
Editor of the pathology journal called Laboratory Investigation 
(LI). Dr. Emanuel Rubin, Chairman of my department was the 
Editor in chief which meant that I was the main “work horse” in 
the editorial office.
LI was the official journal of the United States-Canadian Acade-
my of Pathology(USCAP), and all the members had to subscribe 
to it. Most of them were practicing pathologists not interested in 
basic science papers published in that journal. As such, they were 
constantly protesting obligatory subscription fees that they had 
to pay for this journal, which they did not read at all. 

In an effort to quell the rebellion of USCAP members against 
the journal, Dr. Rubin and I introduced into every of the 12 
monthly issues a review article and an editorial about one of the 
research papers in that issue. The membership responded favora-
bly to these new feature, but still complained. 
At that time SCI started publishing the impact factor scores of 
the 6000 indexed journals, included then in their data base. We 
thought that a good ranking of LI on that list would impress and 
placate the discontents haranguing against us.. The data from SCI 
were very encouraging: only 2 years since we began editing LI, its 
impact factor rose to 4.927, which in those days was enough to 
rank LI as 93rd on the SCI master list of all journals. For the year 
1985 our impact factor rose to 6.338 and we were ranked number 
1 on the list of all 40 pathology journals in the SCI data base. 
Most of these citations were linked to the review articles, but that 
was not important since our ploy to increase the visibility and the 
impact factor of LI obviously worked. I should nevertheless, add 
that these impressive citation data did not placate the discontents. 
Their protests against LI worked and the leaders of USCAP gave in 
and decided to publish yet another more clinically oriented jour-
nal, Modern Pathology. I participated in editing and I am pleased 
to report that it is now one of the leading pathology journals.

14. What is your h-index?

During the last 10 to 15 years h-index became one of the most 
popular parameters for promoting academic physicians as well 
as basic scientist at many universities worldwide. This h-index, 
named after Jorge Hirsch a physicist who invented it in 2005, is 
regularly calculated by SCI and usually listed in Google Scholar 
next to each scholar’s personal data. According to published data, 
the h-index for Assistant Professors at most US Universities is 
2-5 , for Associate Professors 6-10, full professors 12-24. For 
members of the National Academy of Sciences the average h-
index is around 60, and for the Nobel Prize winners around 70. 
My h-index, if anybody wants to know, is 58. For those who do 
not know much about h-index, let me say that means that 58 
of my papers have been cited 58 times or more often. It is also 
worth mentioning that 40% of all biomedical papers are never 
cited. Hirsch reckons that a h-index over 40 deserves to be con-
sidered as excellent and if over 60 exceptionally impressive.

Looking at my statistics it seems that I am OK. The great-
est compliment I got from a scientist friend of mine who was 
impressed but also surprised with my h-index. When I asked him 
why was he surprised he told me that it is a very high score for 
somebody who is “not a real scientist”. This was a left-handed 
compliment but it regaled me since it was in keeping with my 
basic philosophy condensed into a single sentence by the famous 
ballerina Margot Fonteyn who said: “Take your work seriously 
but never yourself ”.
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15. For some time you were quite preoccupied with medical 
student teaching. How come?

Yes, with an emphasis on “quite”, especially during the 8 years 
that I was at Jefferson Medical College in Philadelphia. I still 
think that my collaborators and I produced some important data 
about teaching, or at least that our data were widely read and 
were considered by our peers to be interesting. For the projects 
that I designed with my collaborators I formulated a working 
hypothesis, designed the appropriate methodology, studied the 
variables, and tested the reproducibility of the results. Following 
the advice of Thomas S. Kuhn, an American philosopher and 
historian of science, we finally tried to see if we could “falsify our 
data”.
 
To give you an example, let me describe the study designed in 
collaboration with my colleagues the educational psychologists 
from the Department of medical education at Jefferson. We 
wanted to find out if the grades in my pathology course could 
predict the subsequent performance of these medical students in 
clinical subjects. To this end we tested the entire class of medi-
cal students and classified them according to their psychosocial 
characteristics, which were graded according to the standard 
criteria of educational and social psychology. Then we followed 
them while they were studying pathology and clinical subjects. 
We found out that students’ psychosocial scores were as good 
predictors of their success in clinical subjects as the pathology 
grade. However, when we combined the pathology grades and 
psychosocial scores, the predictive value of such combined data 
was even more significant. That study was reproduced in several 
other medical schools and has stimulated more research as well 
innovative modifications of our approach. It was cited more than 
100 times by medical educator from various countries. 

For my efforts to improve medical education I received quite a 
few commendations not only from my peers but also from my 
Kansas medical students who gave me consecutively 12 yearly 
awards for excellence in teaching. US pathology educators form-
ing the Group for Research in Pathology Education-GRIPE gave 
me their most coveted Tom Kent award. I travelled around the 
world lecturing about our approach to teaching, but also took 
that opportunity to illustrate many problems and failures that we 
have encountered during all these years. I also organized a 6 week 
remedial course for students with academic problems and taught 
this nationally recognized course every summer for almost 30 
years. It was attended by students from many other US medi-
cal schools .I think that it served its purpose since almost all of 
my students who completed that course also passed the national 
USMLE examination. 
I have written several textbooks of pathology for medical stu-
dents. The most popular was the book of questions and short 
answers, which was ideal for students preparing for oral or essay 

type written examinations, called Secrets of Pathology. I also 
prepared books for postgraduate pathology trainees and Board-
certified pathologist preparing for recertification of their specialty 
diploma. Among these books the best seller was a book on cyto-
pathology which I wrote together with my former resident Dr. 
Fang Fan, a phenomenally talented cytopathologist. Recently, 
she told me that our book was ranked as the third most popular 
pathology book on the American Amazon site. 
My book that has managed to survive the longest on the market 
is a book for students of stomatology, veterinary medicine, 
pharmacy and related disciplines, called Pathology for Health 
Professions which was first published in 1995 and has had since 
then 5 additional editions, with total sales of over 100,000 cop-
ies. Recently, I recruited my protegee Anamarija Morović Perry, 
Associate Professor at the University of Michigan, Ann Arbor, 
Michigan, and her husband Kyle Perry, who is a pathologist at 
Henry Ford Hospital, Detroit, Michigan to help me prepare 
the 6th edition of that book (Figure 9). In that context allow me 
to cite the French writer Andrė Gide: “Le  problème,  n’est pas 
common reussir mais comment durer” (The problem is not how 
to succeed but how to last). I never thought that my book will 
remain in print for 27 years.

Figure 9. Pathology for Health Profession,Elsevier, 6th edition, 2022.
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16. You did quite a bit for your alma mater, The Medical Faculty 
of the University of Zagreb. What should we mention here?

First of all I would like to mention my efforts to improve the 
teaching of pathology. It all began in the nineteen eighties when 
I suggested to my colleagues in Zagreb that we should translate 
into Croatian the leading American textbook Robbins Pathologic 
Basis of Disease. The American publisher asked $10 000 for the 
translation rights and the so called “mechanicals” required for the 
printing of the Croatian version. Those days there was a finan-
cial crisis in former Yugoslavia and the foreign currency for this 
translation was not readily available. I offered to raise voluntary 
contributions from Croatian physicians working in the US . 
Unfortunately, I managed to raise only $5,000 and thus had to 
pay the rest from my own pocket. In retrospect I think that it 
was money well spent and this translation became the standard 
textbook of pathology throughout Yugoslavia. It remained in use 
for more than 15 years, i.e., even after that state fell apart.

My second contribution to my alma mater was realized after 
1995 when I persuaded my pathology colleagues professors Dr. 
Stanko Jukić i Dr. Mara Dominis to help me apply for financial 
support from the Hungarian-American philanthropist George 
Soros. Our application in which we asked for funds to introduce 
computer based teaching of pathology in Zagreb was favorably 
reviewed and Soros’ foundation Open Society gave us a grant of 
$50,000 to accomplish that task. With that money we bought 
two dozens or so table top computers and paid for the transla-
tion and installation of the pathology teaching program which I 
developed with my team at the University of Kansas. I think that 
this was a very important first step toward reforming the teach-
ing of pathology in Croatia.
 
Another contribution to the teaching of pathology in Croatia 
for which I take partial credit can be traced to the first years 
of the 21st century. Following on several discussions with my 
friend professor Jukić, who at that time was the Chairman of 
the Department of Pathology in Zagreb, I lead the joint effort 
to produce a modern Croatian textbook of pathology on our 
own. We wrote first a volume of general pathology, followed by a 
volume devoted to systemic pathology. Thereafter,with the input 
of pathologists from all other Croatian medical schools (Split, 
Rijeka and Osijek), in 2003 we expanded both of these book-
lets and bound them together into a single 850 page textbook 
(Figure 10) . I provided most of macroscopic and microscopic 
photographs and wrote quite a bit of the entire text, serving as its 
lead editor for almost 20 years. We also enlisted the help of sever-
al medical students skilled at electronic drawing on the computer 
and they produced many of the conceptual drawings, diagrams 
and algorhythms. To recognize the first student who produced 
most of the drawings I paid for his airplane ticket to Kansas City, 
where he and his girlfriend stayed as our guests for a month.

The Croatian textbook of pathology is a technical masterpiece , 
a beautifully produced book for which I give full credit to Ms. 
Anđa Raič, the Editor and Director of the publishing house 
Medicinska naklada, Zagreb. Even though she is not a medical 
doctor, I think that she has contributed more to contemporary 
medical education in Croatia than anybody else. The fact that 
she has published more than 1,000 books over the last 40 years 
speaks for itself. I am sure that without her input we would have 
never completed our task and Croatia would have never had an 
original, modern textbook of pathology.

In this context I also must acknowledge the contribution of my 
good friend and co-worker professor Dr. Marin Nola (Figure 11). 
Marin helped me write many parts of that book and was absolute-
ly irreplaceable in editing the final text. He spent several month 
in my house in Kansas working with me on the final text , filling 
the gaps, removing non-essential parts and selecting the figures. 
He and I prepared also the manual to help students study the 
main textbook and also prepare for oral and written examinations. 
Unfortunately, Marin died the day he delivered the manuscript of 
that manual to the publisher and thus never saw in print the final 
product of our 2 year-long effort. I should also add that the Croa-
tian textbook and the manual were then translated into Serbian by 
professor Živka Eri and her collaborators in Novi Sad, Serbia.

Figure 10. Patologija, Medicinska naklada, Zagreb,5th edition, 2017.
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17. You have already entered into the nineth decade of your 
life. What now?

Although I am an atheist allow me to cite here the Croatian folk 
proverb which says that men have dreams but it is up to God to 
make the final decision. Even though it is impossible for me to 
predict my future, I also know that I cannot sit quietly in place 
and do nothing. Just to keep my neural synapses in good repair , 
or, as I like to say jokingly “to stave off Alzheimer”. 
Nevertheless, I gave up many of my previous activities and 
responsibilities. Thus, I do not work anymore in a diagnostic 
laboratory and have no hospital affiliation. Likewise I gave up 
working on the next edition of my favorite book, the Croatian 
textbook of pathology, which will now be curated for by my 
junior colleagues in Zagreb. All the illustration from previous 
editions I have donated to Medicinska naklada to assure that the 
book remains anchored to that preeminent Croatian medical 
publisher.

This year I have completed a book with my Indian colleague Dr. 
Harsh Mohan. This book called Pathology Simplified, is based on 
the Socratic method of teaching, comprising questions and an-
swers. It is specifically aimed at more than 50,000 Indian medi-
cal graduates taking the qualifying exam that will allow them to 
pursue specialization, rather than to stay in family practice for 
life. On that exam, pathology accounts for 20-25 percent of the 
entire material and we felt that our book would help these young 
doctors revisit medical school pathology, which many of them 
have already forgotten since they studied it in early stages of their 
medical education.
 With my Dutch friend Fred Bosman, another retired patholo-
gist, I took upon myself to edit a well-established periodical 
Recent Advances in Histopathology. This should keep me busy and 
provide motivation to keep au courant with medical literature 

and nudge me to follow the new developments in the field of 
clinical pathology for some time. In Croatia I am completing the 
revision of my textbook of pathology for nursing students and 
medical technicians. Occasionally I also contribute short pieces 
and interviews to The Pathologist, a UK/US magazine, for which 
I serve as a scientific consultant. I hope that these assignments 
will keep my brain from accumulating too much amyloid and 
shrinking in size too fast.

At the end, I would like to take this opportunity to mention my 
latest pet project. In brief, I have donated some money from my 
savings to establish a fund at the University of Kansas that will 
finance the exchange of medical students between Kansas and 
Croatia. My fund was designed to cover the travel expenses and 
defray the costs for room and board of these students. This year 5 
Croatian students will spend a month in Kansas (Figure 12). Next 
year several American students from Kansas will travel to Croatia. 
My goal is to bring them all together and thus show them that 
the human nature is the same here and there on both sides of the 
Atlantic; and that the similarities between people from distant 
places are much more striking than the perceived differences. It is 
my way of building imaginary transnational bridges, and playing 
the role of a pontifex (Latin for ” builder of bridges”).

Figure 11. With professors Stanko Jukić and Marin Nola at the presentation of a book 
that they wrote together.

Figure 12. With five Croatian students who will travel to America and work at the 
University of Kansas for a month.
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1. You grew up in a family of medical doctors and one of your idols was your grandfather Filip. 
Did this medical family environment influence you during your formative teenage years and did 
it help you choose neurosciences as a career?

The short answer is that my nono, my grandfather Filip, in a way decided this for me.
A slightly longer explanation is that I was fortunate, perhaps due to my father’s combative nature and 
penchant for going against the grain, that the most coveted surgical positions in Zagreb were out of 
his reach. Thus, my parents settled in Sisak, and this beautiful historical city surrounded by three rivers 
provided me with the best possible schooling and education that one could wish for. This is something 
I would, sadly, only realize decades later. 
Looking back, my parents’ profession (and that of many other relatives who were all also doctors) obvi-
ously must have affected my life choices and trajectory. Medicine, medical terms, even the medical way 
of thinking were for me all terra familiaris. My parents had a (sometimes annoying) habit of discussing 
their cases ad libitum during our family meals or family trips. They were both doctors caring for their 
patients; phone calls and visits from their patients to our family home would easily extend into the 
evenings, and not infrequently later into the nights. I owe to my parents, especially to my mother, my 
passion for learning, sometimes just for the sake of learning. 
However, my parents also fervently believed that children should be treated as background noise – or 
if possible, as a background whisper. Against that background, my sister and I instinctively built a 
separate universe parallel to that of our parents. In many ways we shared with them only the physical 
constraints of our small flat in Sisak (Figure 1). 

Ivana Rosenzweig Interview

Ivana Rosenzweig, consultant at 
King’s College London, UK received 
her MD degree from the University 

of Zagreb, and her PhD from Trinity 
College, University of Cambridge, 

UK. She is a Fellow of the Royal 
College of Psychiatrists, London, UK 

and the founder of the Sleep and 
Brain Plasticity Centre  at  King’s 

College, where she is currently 
exploring the role of sleep on brain 

plasticity and cognition, both in 
clinical and preclinical studies, with 

a particular focus on the sleep 
oscillations.

 
e-mail: ivana.1.rosenzweig@kcl.ac.uk 

Figure 1. Me and my middle sister Ana. We fought a lot but we also followed each other around the 
world, and we still prefer to live within 5 minutes of walking distance one from another.
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When my youngest sister, who was then about two years old, 
started struggling with various infections, metabolic upsets and a 
strange neurodevelopmental regression – and eventually stopped 
walking and talking, that small flat became even smaller. My 
parents contacted anyone and everyone around to try and help 
her, but despite all the efforts, even the very best paediatric col-
leagues of my mother failed to fully fathom and categorize what 
was happening. I presume this was one of the first domino pieces 
which folded in my mind, albeit in a very slow motion - that, 
with better knowledge and understanding of the brain and how 
it works, it might have been possible to do more to help my 
sister, and other children like her. She is now an adult, but still 
dependent on my parents for even the most basic self-care.
Those were difficult years and my grandparents, whilst living 
miles away in Split, provided all the unconditional love and 
moral structure that I needed and craved for. My grandfather 
came from a very old and politically active family. His cousins 
and uncles were amongst founders of the football team Hajduk; 
his brothers were amongst the founders of the Croatian Com-
munist party; they formed and led the first Split’s Partisan 
battalion during the Second World War; they were celebrated as 
war heroes; some of them died in concentration camps; some of 
them had schools in Split named after them. Some of them who 
survived were later imprisoned on Goli Otok, and served the 
sentence there for their views. And yet, my nono, despite all this 
revolutionary background also happened to be the most calm, 
peaceful, and understanding person on this planet.
During one of my visits to my grandparents in Split, my nono 
and I spoke for hours about my youngest sister. At some point, 
he looked at me and said: It is up to you Ivana, to learn about 
the brain. And thus I followed his advice.

2. In preparation for this interview I read the one you gave 
two years ago (https://korona.net.hr/pozitivne-vijesti/hr-
vatska-neuroznanstvenica-istrazuje-spavanje-u-mikrogravi-
taciji-dugotrajna-putovanja-u-svemir-morat-ce-ukljucivati-
neku-vrstu-hibernacije/)

 They wrote that you are a neuroscientist. How would you 
define that term? If I wanted to become a neuroscientist 
what would I have to do? Describe a prototypical neurosci-
entist and then tell us how did you become one.

I do not think I can authoritatively answer that question. I 
would say there is no strict format, but most if not all neuro-
scientists share the passion for understanding better the inner 
workings of the brain. If you insist, my abridged and doctored 

version of the Wikipedia page would state something along the 
lines that neuroscience requires a multidisciplinary approach 
and that it includes all specialists with distinct knowledge of 
the brain’s physiology, biochemistry, psychology, anatomy and 
molecular biology of neurons, neural circuits, and glial cells and 
their behavioural, biological, and psychological aspect in health 
and disease.

3. How much exposure to neurosciences did you have during 
your medical school years?

Again, as with my pre-University education, I was very fortunate 
to study at the Medical School in Zagreb. And in parallel to my 
early years, when I resented the parochial settings of my child-
hood, I only got to fully appreciate the extent of what I had 
when I began teaching as a fellow at Cambridge, and even more 
now as an academic at the King’s College London. Simply put, I 
genuinely believe that our grounding in preclinical subjects was 
second to none in Europe and most likely in the entire world.

Here I have to mention two impressive men called Ivica who 
influenced me enormously and helped formulate my own 
concept of neuroscience, i.e., what it is and what it should be. 
The first one was Professor Ivica Kostović, whom, to this day, I 
regard in many ways as my major mentor (Figure2 ).The second 
one who is not so well known in Croatia, was Professor Ivica 
Kračun who tragically died prematurely a few years ago(Figure 
3). Like Kostović, Kračun was close to a genius, gregarious, 
generous, dangerous, and often quite moody. I believe that he 
was originally from Hrvatsko Zagorje, however, to us, he was 
like a Dalmatian ‘Bura’ storm, bigger than life, even though 
quite of a short physicial stature in real life. If one had to present 
a musical sketch of the emotions his lectures would evoke, the 
best approximation would be by mixing music of Wagner and 
Stravinsky, with sprinkling of scientific philosophy and history, 
only for lessons to abruptly end in a tempestuous finale of Bach’s 
Well-Tempered Clavier. My discussions about neuroscience with 
him were always inspirational, uplifting and quite memorable.

4. Did you have any role models or idols that you wanted to 
emulate? Premedical school, medical school or thereafter?

Yes and no. I always adored Rita Levi-Montalcini, and in many ways, 
she might be the one I get to mention most often. I liked that she 
dared to be a different neuroscientist in the world where women 
were, and still are, regarded as unequal members of the society.



Essay - Interviews

RAD 552. Medical Sciences 58-59 (2022) : 152-159                   www.rad-med.com 154 June 2022   -   Vol 552 = 58-59

Figure 2. Ivica Kostović, my mentor and a great surrogate father to many of us.

Figure 3. Ivan Kračun with his collaborators in the Metabolic laboratory of the Clinical Hospital Center Zagreb,1987. 
Standing next to him are  Ksenija Fumić, Marija Heffer and Gordana Kračun.
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5. Do you still have memories of events from your student 
days that helped you decide about your future?

Those were difficult war and post-war years, and, to be frank, for 
most of my adult life I worked hard to erase some of those mem-
ories. Many of our colleagues were in a full or partial refugee 
status, the random bombings and shelling were continuing, and 
many of us had relatives who were engaged in active combat. The 
schisis of pretending that life goes on, and attending lectures, 
taking exams, whilst listening on news about Vukovar or Zadar, 
Petrinja, was not healthy and I am sure it took a significant toll 
on all of my colleagues, as well as myself. In many ways, even 
those not in the direct line of fire, were robbed of their youth, 
our brains were still developing and the epigenetic impact that 
those years must have left, have never been properly accounted 
for. We were not talking about it, and we never really talked 
about it even later. 

When the war in Ukraine started, I called my Ukrainian friend 
to offer my support. However, after a few words I had to put the 
receiver down as I could not speak any more. This lasted for an 
hour, and then I started crying uncontrollably. I can not even say 
why, I don’t think I am an overly emotional type, I just felt that 
something buried deep in me, something I ignored and actively 
worked on repressing from those years, was suddenly become 
unhinged in my mind.

6. Did you practice medicine upon completion of your uni-
versity studies or you decided to devote yourself to science 
exclusively?

I did not practice medicine after graduation. I wanted to do sci-
ence, pure science and nothing but science. Only after I did my 
PhD did I realise that, in order to know which questions to ask, 
I must spend some time in clinical practice. There was no other 
substitute for learning how to properly observe my patients and 
understand their problems. Like Musil’s Man Without Qualities, 
I meandered never satisfied of knowing or being good enough, 
from doing science to clinically training in psychiatry, then 
neurology, then neuroradiology and eventually training in sleep 
medicine. I have eventually completed the full circle, from re-
search to practice and back. Currently I am spending 50% of my 
time as a clinician (i.e., a sleep physician) and the other 50% as 
an academic neuroscientist. As my husband rightly stated it: ‘If 
allowed, you would continue to study until your very end.’ Don’t 
tell him, but this is exactly what I intend to do.

7. Why did you go to Cambridge for your PhD? Why Cam-
bridge and not some other place?

I do not believe in a ‘predetermined’ universe, and yet, looking 
back, I believe my path could have only to lead to Cambridge. 
Firstly, my nono Filip often spoke about Cambridge as a centre 

of educational excellence, and apart from his politics, I never 
challenged my grandfather’s grand truths. Secondly, I never 
wanted to live in the USA, which was my husband’s (then my 
boyfriend) first choice. Thirdly, after the war, I realised that my 
traumatised inner homo politicus needed to be in country whose 
people were politically frigid (or at least I perceived them to be 
so), and whose politics and inner workings would not interest 
me in the slightest, and thus, my second favourite choice, Israel, 
was also eventually out of the bounds. 

But our personal history was sealed by our 1995 summer trip 
to the UK. The basic idea was to persuade my boyfriend that 
there were other places we could go together to study apart from 
the US. In those days before mobile telephones and internet, 
we spent four weeks in a cheap little University hostel in south 
London, pretty much without any contact with our families, or 
news from Croatia. We loved it though, we lived very frugally, 
rationing ourselves to a sandwich a day, and travelling for hours 
on the double decker buses around London whilst visiting 
various Universities trying to gather more information about 
scholarships and courses, and pretty much unaware of happen-
ings at home. 

To this day I remember the very feeling of profound happiness 
that overtook us both when we passed the newspaper stand one 
evening. This sported big headline stating that ‘Oluja’ started 
and that Knin was ours. I fear that passer-by’s must have judged 
us to be on drugs, as I have never since done so much jumping, 
shouting and crying. An overwhelming sense of primordial joy 
and calm overtook us - the war which claimed and tainted our 
best years of youth was finally and truly over. Our homeland was 
free, we were free. 
Years later I would read Amos Oz’s ‘A Tale of Love and Darkness’, 
and in the passage where the author describes the highly charged 
emotional scene and his father’s reaction to the news that Israel has 
gained its statehood – that was the exact emotion I recognised.

If memory serves me right, we then had too much to drink and 
eat, and we spent far too much. Once the elation subsided, we 
realised that we only had money left for a short trip to Cambridge, 
that being the cheapest of all our other planned trips that were to 
include Oxford, Bristol and Edinburgh. And so it was. We went. 
We stopped at the Trinity College gates. We asked if they had any 
information or booklets on available scholarships. A nice lady who 
clearly took pity on us, two dishevelled Eastern European kids 
, proposed that, if I wanted, she could also see if there were any 
Professorial Fellows still on the site so that I could talk with them. 
She was successful and thus I had my first and only interview with 
faculty members of Trinity College. It was a lovely chat about 
medicine, mathematics and universe and many other unrelated 
topics. I could not catch their names fully, and only much later did 
I learn that one of them was a Nobel Prize winner. 
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I must have impressed them in some way, as a few months later 
I got a letter stating that I have won a prestigious Trinity College 
Scholarship, which fully funded my subsequent PhD studies. 

8. Are there some exciting moments from you school days, 
either in Zagreb or in Cambridge that you still remember? 
Why?

I will never forget my student exchange days in France , where 
I did my Gynaecology and Obstetrics rotation with my friend 
Tanja Buklijaš. My French was really pathetic, but Tanja, whose 
French was fluent, managed to arrange for both of us to be 
placed on the same rotation schedule.Thus we stayed together 
for the entire period of time. During all that time she basically 
served as my personal translator. We had fabulous time in France 
escaping the dreary and grey corridors of post war maternity 
wards in Croatia. 

As often, one’s plans, are the fool’s material. The first thing we 
found out when we arrived to Rennes was that we were placed 
in different clinical groups. Second shock was when we realised 
that in France medical students were used to man the wards. Our 
third and perhaps our biggest shock was when we realised that 
French women expected a proper full daily examinations by their 
gynaecologists, a.k.a two petrified medical students from Croatia. 
I will leave the rest to your imagination.Two important thing 
that I learned in Frances were as follows: I was never meant to be 
a gynaecologist, and there was no chance that I would ever learn 
to speak French fluently. 

9. You spent several years in Cambridge studying to become 
a clinical neuropsychiatrist. Was that an intentional detour 
or you felt that you must learn more clinical psychiatry in 
order to become a well rounded neuroscientist?

Oliver Dragojević has a beautiful song about this, and I will 
only say that this restless nature of my predecessors clearly also 
resides in me. Having earned my PhD, I felt poorly equipped to 
tackle the big questions of neuroscience, without truly studying 
the first-hand patients suffering with these illnesses. Fortunately, 
these days they have excellent collated courses, which allow 
young clinicians to be to combine their clinical training with 
doing their PhD and postdoctoral research. In my time, there 
was no courses of that kind, and thus, I simply created my own 
opportunities.

10. Beside your scientific work do you still practice psychiatry?

Your question made me smile. It reminds me of my sister who 
used to say during our arguments that I act as a psychiatrist even 
in my daily private life. 
 

I find that it is impossible sometimes to switch off, and I believe 
that it would be foolish, to do so. Thus, I practise my psychiatric 
principles every day, in every human interaction I have. Psychia-
try is the only medical specialty which enables one to navigate 
through life’s little and big challenges.

11. Why did you move to London? 

We lived in Cambridge for 13 years. I did my PhD, my postdoc, 
I taught Physiology and subsequently I did most of my clinical 
neuropsychiatric training there. The decision to move to London 
coincided with my pregnancy with my son Jakov, and my career 
decision to re-enter the academic world, and specifically to enter 
the field of sleep medicine.

12. You are mostly known for your studies of sleep. Or am I 
wrong?

I work in the field of sleep neuroscience, but I hope that my best 
work is yet to come.

13. In order to better understand the disturbances of sleep we 
must first of all study normal sleep.Tell us a few things 
about normal sleep that the neuroscientists discovered dur-
ing last few years.

Most of what we think we know, we know we do not know for 
sure. Sleep is such a mystical terra incognita that I still get that 
very important buzz of feeling extremely lucky to work in this 
field. Sleep allows us unprecedented insight into the inner work-
ings of our brain, which are impossible to decipher during our 
wakeful moment.
If really pressed to do prepare for you my favourite list of various 
recent theoretical constructs/partial truths about the sleep and its 
function I would have to included the following: sleep rhythms 
as an amazing orchestral symphony that ensures that brain gets 
rid of toxins, warrants partiture that replays memories, stores the 
important memory scores in our cortex, and in turn rebuilds our 
brain’s circuitry and software in such way so that our conscious 
ego may incorporate the effects of wakeful experiences. Other 
empirical roles of these classical sleep accords include protection 
of various cortical territories in the brain, for example that of 
visual cortex during dreaming. If we did not sleep, it is likely that 
our brain’s inbuilt architectural neuroplasticity mavericks would 
re-build and re-use these cortical territories into subserving the 
auditory, haptic or other functional modalities.

14. Insomnia, parasomnia, obstructive sleep apnea—these are 
the terms for which I have some cultural understanding. 
Catathrenia—I had to look it up in Wikipedia, but why 
would one study it?? Could you impress me with a cou-
ple of similar terms that I probably never heard off? And 
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maybe you could also convince me that it is important to 
study such problems!!

Absolutely. You see, understanding how dream mentation and 
ambulation arise from sleep’s basic physiological components 
has enticing, and potentially wide reaching basic neuroscientific 
and wider translational clinical implications. A first case in point 
is the rapid eye movement (REM) behaviour disorder (RBD), 
a relatively rare parasomnia that predicts the later occurrence 
of alpha-synucleinopathies such as Parkinson disease , multiple 
system atrophy and dementia with Lewy bodies. Unlike sleep-
walkers, patients with RBD rarely leave the bed during the re-
enactment of their dreams. RBD movements may be independ-
ent of spatial co-ordinates of the ‘outside-world’, and instead rely 
on (allocentric) brain-generated virtual space-maps. My group 
is trying to make sense of mechanisms underlying this, which 
could be precious for patients with dementia. A second case in 
point are dreams of congenitally blind people whose dreams sur-
prisingly may comprise visual imagery, not dissimilar to that or 
normally sighted people. We believe that deciphering the brain 
mechanisms here could help utilize neuroplasticity during the 
sensory loss later in life, and possibly lead to ability to stimulate 
functional synesthesia.

15. I looked you up the data in Google Scholar and found out 
that 5 of your most cited papers deal with apnea. Why are 
you interested in apnea? 

Sleep apnea is such a prevalent sleep disorder, and a “somewhat 
conservative” approach estimated the prevalence of adult OSA in 
the Americas to be 170 million, or 37% of the population. Thus, 
as a sleep physician I would be failing my patients if I was not 
joining in forces trying to decipher the best treatment for this 
debilitating multi-system chronic disorder.

16. I like to take an afternoon nap. After I wake up I feel re-
freshed. I am sure that you must have an explanation for it.

I am very pleased to hear this. As a clinician I can tell you that 
this tells me your sleep is of good quality and that you likely 
also have a good sleep opportunity. What the sleep rhythms 
symphony does to your brain, whilst you sleep, is perhaps best 
not pondered upon, lest this stresses you and thus contributes to 
your night anxiety and subsequent sleep of lesser quality.

17. I must admit that I was mightily impressed with your 
published discourse on Elias Canetti in which you also 
mentioned Ephraim Kishon. Godot found his way even 
into the title of one of your papers. Chapeau—what an 
erudition! You mentioned in your previous interview your 
son as a talented pianist. Where do you find time to let for 
literature and music enter your life?

I do not really have time for anything – I work all the time, seri-
ously. Most of my eruditism, if you may call it that way, comes 
from growing up in Sisak, where we were fully expected to know 
our Karamazovs and distinguish them from our Taras Bulba or 
The Buddenbrokes. As I have already mentioned, we have had a 
truly superb education, thanks to many of our esteemed teach-
ers, with special mention of my revered and beloved teacher Tea 
Rimay. 
The truth is, that as a parent, I do not have a choice. As any parent 
of even vaguely talented child, be it in sport, or music can tell you 
- this talent of their’s sucks you into an unknown world of chauf-
feuring to the endless events, it makes you spend your weekends 
waiting outside cold during their practices, and you find you learn 
simply by diffusion. Therefore, even if you have never previously 
heard of the pianist Glenn Gould, you suddenly realize you are 
more than able to hold your court explaining why his rendition of 
Bach is superior to that of, say, Lang Lang. Supporting my son all 
the way while he is becoming an accomplished pianist has become 
an important part of my life (Figure 4)

Figure 4. My son Jakov Tvrtko Filip .He is trying  his best to impersonate Horowitz. 
However, as a tall Dalmatian, in future life, he might be more likely confused with 

Richter or our own Ivo Pogorelic.



Essay - Interviews

RAD 552. Medical Sciences 58-59 (2022) : 152-159                   www.rad-med.com 158 June 2022   -   Vol 552 = 58-59

Figure 5. Svjetlana Kalanj and Katarina Ilić on one of their research visits to my London laboratory. To this day I find my University 
colleagues still make for the best collaborators, we always laugh a lot, and decades just melt away.

Figure 6. The neuroscience congress in Zadar.
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18. Let’s finish this interview with a few questions about your 
contacts with Croatian scientists. How, when and in which 
form?

My generation has slowly but firmly matured, I hope that my 
youthful colleagues will not resent me for describing them as 
mature. In any case, many of them are now either running 
Departments or are positioned on other high functions within 
the Medical School and Croatian Brain Institute and wider. In 
my inner sanctum, I am fortunate to count Tihana Jendričko, 
Zdravko Petanjek, Svjetlana Kalanj-Bognar, Vlatka Boričević 
and Dinko Mitrečić amongst my closest friends, all from our 
University days. They are people I call at times of crisis, and to 
whom I happily turn to when I want to brainstorm or clarify 
some scientific ideas (Figures 5 and 6).

19. What are you currently working on? Any neuroscience data 
on Covid-19?

Sleeping brain. Also, we are trying to see what that sleeping brain 
might do in space, during the cosmic travels and under condi-
tions of microgravity.
With regards to Covid-19 and the brain, I think the full truth 
will be only known in decades to come. I am a pessimistic realist, 
and I see what it appears to have done to my patients. My worry 
started even before the current studies got published. For those 
that did not read them, there are suggestions that Covid-19 may 
affect brain directly, and cause a special set of cognitive impair-
ments, even accelerating the aging of one’s brain for up to 20 
years faster than expected. 
My family and I have now all had it at least several times(?!). A 
good percentage of my salary every month goes on placebo mul-
tivitamins, prebiotics and other supplements. Living in London, 
we are living within the ground zero, and our motto has to be 
that what will come, will come.

20. Any messages for our younger colleagues who are still 
studying medicine on Šalata and Rebro?

I will paraphrase Rita Levi-Montalcini:” Above all, don’t fear the 
difficult moments. The best comes from them”.
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