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The last two editorials to our journal were mainly 
dedicated to the situation caused by the COVID-19 
pandemic in our country, our city and the Croatian 
Academy of Sciences and Arts. Let us briefly remind 
our readers of the titles of these two texts: Pandemic 
and 2020 Zagreb Earthquake Didn’t Stop Us (RAD 
50-51, 2020); 2020 – Annus Horribilis (RAD 52-53, 
2020). The title of our today’s Editorial shows how 
very optimistic and hopeful we are that the following 
issues will cease to tackle the difficulties related to the 
COVID-19 pandemic, and that only articles on the 
experience gained in suppressing this plague will be 
published. The title of our current Editorial has been 
chosen based on the information regarding the success-
ful combatting of the third wave of the pandemic in 
Croatia, joined with the increasingly positive response 
of our citizens to the COVID-19 vaccination. By the 
end of June, when this issue of RAD is published, over 
50 % of adult population in Croatia will hopefully be 
vaccinated; it is furthermore planned for more than 70 
% of the overall population to be vaccinated in the near 
future. We are thus full of optimism and belief in the 
return of what we usually refer to as normal life.
It is evident from the contents of the present issue of 
our journal that despite all the obstacles caused by the 
pandemic, our authors have managed to remain active 
in the publicist sphere. The diverse contents include 
the following: a paper by our Bulgarian colleagues, en-
titled Bulgarian Mutations Spectrum Cadasil : Our Ex-
perience(1); an article on epilepsy in multiple sclerosis 

patients (2); a paper tackling a more accurate estima-
tion of kidney function in elderly citizens (3); an arti-
cle dealing with the prevalence of non-motor symp-
toms in patients suffering from Parkinson’s disease(4); 
a paper on the endovascular treatment of subclavian 
stenosis(5); an article on meralgia paresthetica(6); an 
article on robotics in urology(7); and a paper from the 
domain of the history of medicine(8). Hence, we hope 
that every reader will be able to find something of in-
terest and novelty for themselves.
We take great pride in our NEWS &EDUCATION 
section, as it is this part of our journal, presenting di-
verse events taking place at our Department, that justi-
fies the title of the present Editorial. At our Academy 
and our Department, we are slowly yet safely approach-
ing the so-called NORMAL sphere, and leaving behind 
the online and hybrid events. We are convinced that by 
September we will manage to restrain the COVID-19 
pandemic, and succeed in exiting the tunnel and step-
ping into the daylight. We promise that the title of the 
editorial to our December 2021 issue will no longer 
include the COVID-19 pandemic.
Dear readers, we owe you a brief explanation regarding 
the change of scope of our column entitled ESSAY IN-
TERVIEWS. In the issue 544=52-53 of our periodical 
RAD CASA – Medical Sciences, we introduced a new 
column entitled Essay Interviews with Corresponding 
Members of the Croatian Academy of Sciences and Arts, 
Department of Medical Sciences. For the present issue 
54-55, we decided to expand the scope thereof and in-
clude interviews with other internationally renowned 
alumni of the Faculty of Medicine, University of Za-
greb, so that we could profile even those alumni who 
are not Corresponding Members of the Croatian Acad-

2021 – BRIGHTER LIGHT AT THE 
END OF THE TUNNEL

Marko Pećina, Vida Demarin

DOI: https://dx.doi.org/10.21857/94kl4cz41m
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emy of Sciences and Arts. This change further required 
from us a change in the title of this series of interviews. 
We thus gave it a Latin title: Illustrissimi Alumni Facul-
tatis Medicae Zagrabiensis. Dr. Ivan Damjanov, Emeri-
tus Professor of Pathology at the University of Kansas 
School of Medicine, Kansas City, USA, who is also a 
Corresponding Member of the Croatian Academy of 
Sciences and Arts, has agreed to continue conducting 
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Figure 1. Robotic setting in the operating theatre. There are three robotic hands controlled by the operator. One is holding the camera and the other 
two are holding instruments. Additional trocars are used for laparoscopic instruments controlled by assistant surgeons. (ref.7)

these interviews. On this occasion, we repeatedly cor-
dially thank him for his efforts.
We wish all our authors and readers a pleasant summer 
holiday, and a happy reunion afterwards in our places 
of work and within our families. In this context, the 
famous quote by William of Orange comes to mind:
“It is not necessary to hope in order to act, nor to suc-
ceed in order to persevere.”

*Editorial translated by Gorka Radočaj 
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Abstract
Introduction
Cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CA-
DASIL, OMIM 125310), is a hereditary autosomal dominant disease, caused by mutations in the 
NOTCH3 gene. The aim of this study was to describe our experience with the molecular diagnostics 
of CADASIL in a group of Bulgarian patients in the period of 2015-2020.
Materials and Methods
Screening for germline mutations was performed by Sanger sequencing of the NOTCH3 gene in 
eleven subjects provided written and signed informed consent forms. Mutation negative patients were 
further subjected to multiplex ligation-dependent probe amplification (MLPA) to detect deletions/
duplications in the NOTCH3 gene.
Results
We present eleven Bulgarian patients (3 males and 9 females, median age 49.7 years) exhibiting clinical 
symptoms of possible CADASIL, referred to our laboratory for genetic testing of the NOTCH3 gene 
in the period of 2015-2020. Sequencing revealed missense mutations in five patients (one male and 
four females) following the typical pattern of cysteine-altering mutations in CADASIL. Four of the 
mutations have been previously described in the literature. One patient presented with a novel muta-
tion, classified as “likely pathogenic” by the criteria of the ACMG. No large deletions or duplications 
were detected by the use of MLPA analysis.
Conclusions
This study shows the need for future research to clarify the genotype-phenotype correlation between 
pathological variants in the NOTCH3 gene and the clinical manifestation of the disease, which would 
greatly improve current diagnostic and treatment guidelines for patients with CADASIL.

Keywords: Bulgarian population, CADASIL, NOTCH3, Sanger sequencing

Sažetak:
Spektar bugarskih mutacija u Cadasilu: Naše iskustvo
Uvod
Cerebralna autosomno dominantna arteriopatija s subkortikalnim infarktom i leukoencefalopatijom 
(CADASIL, OMIM 125310), nasljedna je autosomno dominantna bolest, uzrokovana mutacijama 
gena NOTCH3. Cilj ovog istraživanja bio je opisati naša iskustva s molekularnom dijagnostikom 
CADASIL-a u skupini bugarskih pacijenata u razdoblju 2015.-2020.
Materijali i metode
Provjera mutacija provedena je Sangerovim sekvenciranjem gena NOTCH3 u jedanaest ispitanika pod 
uvjetom da imaju potpisane obrasce za informirani pristanak. Mutacijski negativni pacijenti su dalje 
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podvrgnuti metoda višestrukog umnažanja vezanih sondi (MLPA) kako bi se otkrile delecije / dup-
likacije u genu NOTCH3.
Rezultati
Predstavljamo jedanaest bugarskih pacijenata (3 muškarca i 9 žena, srednja dob 49,7 godina) koji 
pokazuju kliničke simptome mogućeg CADASIL-a, koji su upućeni u naš laboratorij za genetsko ispi-
tivanje gena NOTCH3 u razdoblju 2015.-2020. Sekvencioniranjem su otkrivene pogrešne mutacije 
kod pet pacijenata (jedan muški i četiri ženske) slijedeći tipični obrazac mutacija koje mijenjaju cistein 
u CADASIL-u. Četiri od mutacija prethodno su opisane u literaturi. Jednom je pacijentu predstavljena 
nova mutacija, klasificirana kao “vjerojatno patogena” prema kriterijima ACMG. Korištenjem MLPA 
analize nisu otkrivena velika brisanja ili dupliciranja.
Zaključci
Ova studija pokazuje potrebu za budućim istraživanjima kako bi se razjasnila korelacija genotip-
fenotip između patoloških varijanti u genu NOTCH3 i kliničke manifestacije bolesti, što bi uvelike 
poboljšalo trenutne dijagnostičke i smjernice liječenja za pacijente s CADASIL-om.

Ključne riječi: bugarsko stanovništvo, CADASIL, NOTCH3, sekvencioniranje Sangera

Introduction
Cerebral autosomal dominant arteriopathy with subcortical 
infarcts and leukoencephalopathy (CADASIL, OMIM 125310), 
is a hereditary autosomal dominant disease, caused by mutations 
in the NOTCH3 gene. Patients with this condition usually pre-
sent with a history of migraines with aura, subcortical transient 
ischemic attacks (TIA), mood disorders, cognitive decline pro-
gressing to dementia, white matter lesions and encephalopathy 1 
cognitive decline progressing to dementia, a history of migraine 
with aura, mood disturbance, apathy, and diffuse white matter 
lesions and subcortical infarcts on neuroimaging., The diagnosis 
of CADASIL is established in a proband either by identification 
of a heterozygous pathogenic variant in NOTCH3 by molecular 
genetic testing or, if molecular genetic testing is not definitive, by 
detection of characteristic findings by electron microscopy and 
immunohistochemistry of a skin biopsy., Treatment of manifes-
tations: There is no treatment of proven efficacy for CADASIL. 
Standard supportive treatment for stroke; the effect of throm-
bolytic therapy for the treatment of stroke remains unknown. 
Migraine should be treated symptomatically. Standard treatment 
for psychiatric disturbance. Supportive care (practical help, emo-
tional support, and counseling.
The reported prevalence of CADASIL causing NOTCH3 
mutations is estimated to be between 1 and 9 per 100,000 
people 2,3. However, studies have shown that this number 
could be deflated based on the severity of the symptoms, 
with mutations causing milder phenotypes being as fre-
quent as 1 in 300 4 thereby explaining an important part of 
CADASIL disease variability.”,”container-title”:”Genetics 
in Medicine”,”DOI”:”10.1038/s41436-018-0088-
3”,”ISSN”:”1530-0366”,”issue”:”3”,”language”:”en”,”note”:”n
umber: 3\npublisher: Nature Publishing Group”,”page”:”676-

682”,”source”:”www.nature.com”,”title”:”The effect of 
NOTCH3 pathogenic variant position on CADASIL disease 
severity: NOTCH3 EGFr 1–6 pathogenic variant are associ-
ated with a more severe phenotype and lower survival compared 
with EGFr 7–34 pathogenic variant”,”title-short”:”The effect of 
NOTCH3 pathogenic variant position on CADASIL disease se
verity”,”volume”:”21”,”author”:[{“family”:”Rutten”,”given”:”Jul
ie W.”},{“family”:”Van Eijsden”,”given”:”Bastian J.”},{“family”:”
Duering”,”given”:”Marco”},{“family”:”Jouvent”,”given”:”Eric”},{
“family”:”Opherk”,”given”:”Christian”},{“family”:”Pantoni”,”giv
en”:”Leonardo”},{“family”:”Federico”,”given”:”Antonio”},{“famil
y”:”Dichgans”,”given”:”Martin”},{“family”:”Markus”,”given”:”H
ugh S.”},{“family”:”Chabriat”,”given”:”Hugues”},{“family”:”Lesn
ik Oberstein”,”given”:”Saskia A. J.”}],”issued”:{“date-parts”:[[“20
19”,3]]}}}],”schema”:”https://github.com/citation-style-language/
schema/raw/master/csl-citation.json”} . The condition itself has 
been known and reported as early as 1977 as a form of vascular 
encephalopathy 5. The first studies revealing the dominant inher-
itance of the disease came out in 1991 6-8 including transient is-
chemic attacks, and minor or major strokes starting between the 
fourth and sixth decades, with neuroimaging evidence of small, 
deep infarcts and a widespread white matter disorder. Other 
symptoms included migraine (three, followed by the first study 
describing mutations in NOTCH3 as causative of CADASIL in 
1996 9. In the following years, genetic testing has allowed for the 
identification of a plethora of NOTCH3 mutations with a yet to 
be fully explained effect on disease progression and severity.
Because of this varied prevalence and non-uniform age of 
onset, current diagnostic criteria for CADASIL are based on 
a multidisciplinary approach. Specifically, a combination of 
the following symptoms is sought in the process of the dif-
ferential diagnosis: unexplained cerebral ischemic events, 
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cognitive decline at a young age, brain MRI abnormalities and 
a family history of stroke or dementia with a dominant pat-
tern of inheritance10. Neuroimaging methods (CT, MRI) can 
characterise the diffuse ischemic lesions of the white matter of 
the brain substance, subcortical lacunar infarctions and leu-
koencephalopathy. Lesions in the anterior temporal pole and in 
the external capsule have the highest diagnostic sensitivity and 
specificity (Fig 1). To confirm the diagnosis, either molecular 
testing 9 for the detection of a characteristic cysteine-altering 
mutation and/or electron microscope examination of a skin 
biopsy to confirm the presence of granular osmiophilic mate-
rial (GOM) deposition around vascular smooth muscle cells 
are required 11. Testing for GOM has a sensitivity of 45-96% 
and a specificity of 100% for the diagnosis of CADASIL 12,13. 
Currently, the guidelines for the diagnosis and treatment of 
CADASIL do not cover the specific genotype-phenotype interac-
tion in disease progression and management, however, there has 
been observable difference in the effect of NOTCH3 mutations 
and the exhibited clinical symptoms 4,14 thereby explaining an 
important part of CADASIL disease variability.”,”container-
title”:”Genetics in Medicine”,”DOI”:”10.1038/s41436-018-
0088-3”,”ISSN”:”1530-0366”,”issue”:”3”,”language”:”en”,”note”
:”number: 3\npublisher: Nature Publishing Group”,”page”:”676-
682”,”source”:”www.nature.com”,”title”:”The effect of 
NOTCH3 pathogenic variant position on CADASIL disease 
severity: NOTCH3 EGFr 1–6 pathogenic variant are associ-
ated with a more severe phenotype and lower survival compared 
with EGFr 7–34 pathogenic variant”,”title-short”:”The effect of 
NOTCH3 pathogenic variant position on CADASIL disease se
verity”,”volume”:”21”,”author”:[{“family”:”Rutten”,”given”:”Jul
ie W.”},{“family”:”Van Eijsden”,”given”:”Bastian J.”},{“family”:”
Duering”,”given”:”Marco”},{“family”:”Jouvent”,”given”:”Eric”},
{“family”:”Opherk”,”given”:”Christian”},{“family”:”Pantoni”,”gi
ven”:”Leonardo”},{“family”:”Federico”,”given”:”Antonio”},{“fam
ily”:”Dichgans”,”given”:”Martin”},{“family”:”Markus”,”given”:”
Hugh S.”},{“family”:”Chabriat”,”given”:”Hugues”},{“family”:”Le
snik Oberstein”,”given”:”Saskia A. J.”}],”issued”:{“date-parts”:[[“
2019”,3]]}}},{“id”:240,”uris”:[“http://zotero.org/users/5045968/
items/CL5S9HYL”],”uri”:[“http://zotero.org/users/5045968/
items/CL5S9HYL”],”itemData”:{“id”:240,”type”:”article-
journal”,”abstract”:”Cerebral autosomal dominant arteriopathy 
with subcortical infarcts and leukoencephalopathy (CADASIL.
To date, more than 200 CADASIL mutations have been reported 
10, with the majority localized in exons 2-24 of the gene. These 
exons encode for 34 EGF-like repeats (EGFr), which are essential 
for the NOTCH3ECD (extracellular domain). Each EGFr domain 
has 6 cysteine residues, forming 3 disulphide bridges; mutations 
which add or subtract a cysteine in one of the domains disrupt 
the 3-dimentional structure of the NOTCH3ECD, leading to pro-
tein aggregation and the typical CADASIL phenotype.

Aim
In this study we aim to describe our experience with the molecu-
lar diagnostics of CADASIL in a group of Bulgarian patients in 
the period of 2015-2020.

Materials and methods
We present eleven Bulgarian patients (3 male and 8 female) exhib-
iting clinical symptoms of possible CADASIL and referred to our 
laboratory for genetic testing. The median age of the patients at 
time of referral was 49.7 years. Written and signed informed con-
sent was obtained from the patients. Genomic DNA was extracted 
from the peripheral white blood cells by standard protocols and 
direct sequencing of the NOTCH3 gene was performed to screen 
for germline mutations. Primers were designed to specifically 
amplify all coding exons and exon–intron boundaries. The mRNA 
reference sequence was based on information available from Ref-
Seq Homo sapiens NOTCH3, NM_000435.3. Mutation negative 
patients were further subjected to multiplex ligation-dependent 
probe amplification (MLPA) to detect deletions/duplications in 
the NOTCH3 gene. MLPA was performed using the commercially 
available SALSA MLPA P071-B1 probe mix (MRC-Holland, 
Amsterdam, The Netherlands) according to the manufacturer’s in-
structions 15 MSH2 and MLH1 genes, detection of trisomies such 
as Down’s syndrome, characterisation of chromosomal aberrations 
in cell lines and tumour samples and SNP/mutation detection. 
Relative quantification of mRNAs by MLPA will be described 
elsewhere. In MLPA, not sample nucleic acids but probes added to 
the samples are amplified and quantified. Amplification of probes 
by PCR depends on the presence of probe target sequences in the 
sample. Each probe consists of two oligonucleotides, one synthetic 
and one M13 derived, that hybridise to adjacent sites of the target 
sequence. Such hybridised probe oligonucleotides are ligated, per-
mitting subsequent amplification. All ligated probes have identical 
end sequences, permitting simultaneous PCR amplification using 
only one primer pair. Each probe gives rise to an amplification 
product of unique size between 130 and 480 bp. Probe target 
sequences are small (50–70 nt. Data were analysed with Coffalyser.
Net data analysis software 16).

Results
Among the 11 referred patients, only 5 of them (one man and 
four women) showed typical neuroimaging results (Fig. 1). 
Direct sequencing methodology revealed 5 missense mutations 
in the NOTCH3 gene (Table 1). In three of the patients, muta-
tions were localized in exon 4, known for being a hot-spot for 
missense mutations. A single case (case number 4) presented 
with a missense mutation in exon 19. In case number 5, the 
NOTCH3 analysis led to the identification of a heterozygous 
mutation in the exon 5 NOTCH3 gene, NM_000435:c.752G>C 
(p.Cys251Ser, Figure 2). This is a novel mutation, unreported 
in gnomAD v.2.1.1 17 whereas non-essential genes will tolerate 
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Figure 1. A typical CT/MRI imaging in a patient with CADASIL. High signal sections are visible bilaterally temporopolarly and in semioval centers (21).

Figure 2. A novel missense mutation, c.752G>C (p.Cys251Ser), discovered in the examined Bulgarian population.
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CASE SEX AGE ORIGIN MUTATION TYPE OF 
MUTATION 

EXON EGFR 
DOMAIN 

1 M 52 Bulgarian c.581G>A, 

p. Cys194Tyr 

Missense 4 4 

2 F 27 Bulgarian c.581G>A, 

p. Cys194Tyr 

Missense 4 4 

3 F 68 Bulgarian c.581G>A, 

p. Cys194Tyr 

Missense 4 4 

4 F 39 Bulgarian c.3062A>G, 

p.Tyr1021Cys  

Missense 19 26 

5 F 35 Bulgarian c.752G>C, 

p.Cys251Ser 

Missense 5 6 

 

Figure 3. The novel missense mutation, c.752G>C (p.Cys251Ser) represented in 
the protein structure of the NOTCH3 receptor.

Table 1. NOTCH3 mutations discovered in the Bulgarian population (age refers to age at which the genetic testing was performed).
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their accumulation. However, predicted loss-of-function variants 
are enriched for annotation errors, and tend to be found at ex-
tremely low frequencies, so their analysis requires careful variant 
annotation and very large sample sizes1. Here we describe the 
aggregation of 125,748 exomes and 15,708 genomes from hu-
man sequencing studies into the Genome Aggregation Database 
(gnomAD samples and controls as well as ENSEMBL 18 and the 
Human Genome Mutation Database 19. The mutation is lead-
ing to the gain of a cysteine residue in one of the 34 epidermal 
growth factor-like repeat (EGFr) domains of the protein encoded 
by NOTCH3. This results in an uneven number of cysteine 
residues in the given EGFr domain, most likely modifying the 
tertiary structure of the protein (Fig. 3).
According to the American College of Medical Genetics and 
Genomics and the Association for Molecular Pathology 2015 
guidelines, the pathogenicity potential of the p.Cys251Ser vari-
ant is “likely pathogenic” based on the following criteria: (1) it 
is located in a hot-spot region for CADASIL-causing mutations 
(100% of mutations found in this region have been reported as 
pathogenic, PM1), (2) the variant is not found in the control 
patients of the Exome Aggregation Consortium (PM2), (3) sev-
eral alternative variants on this and neighbouring positions have 

been classified as pathogenic or likely pathogenic (PM5), (4) 13 
in silico bioinformatics tools (BayesDel_addAF, DANN, DEO-
GEN2, EIGEN, FATHMM-MKL, LIST-S2, M-CAP, MVP, 
MutationAssessor, MutationTaster, PrimateAI, REVEL and SIFT) 
predicted that the variant causes a deleterious effect on the gene 
(PP3) because it occurs in a highly conserved area across multiple 
species with no benign predictions and (5) the patient’s pheno-
type is highly specific for the disease (PP4).
In six out of the 11 patients in which the entire coding sequence 
of the NOTCH3 gene was evaluated, no small deletions/ inser-
tions nor missense variants were found. No large deletions or 
duplications were detected by the use of MLPA analysis.

Discussion
CADASIL often starts with attacks of migraine with aura dur-
ing the third decade, followed by ischemic strokes 10-15 years 
later and subsequently dementia two decades after the initial 
onset, followed by death approximately during the sixth decade 8 
progressive or stepwise subcortical dementia with pseudobulbar 
palsy (31%. Most of the ischemic events, transient or permanent, 
are classic lacunar infarcts that arise in the absence of hyperten-
sion or any other recognised vascular risk factors 20. Different 

Specific mutation                                             Phenotype associations 

EGFR domains 1-6 

• 12 years earlier onset of 
stroke 

• lower survival rate 
• greater loss of white matter 

EGFR domains 7-34 • Milder phenotype 
• Possible non-penetrance 

EGFR domains 10-11 
• Conflicting interpretations 
• Both more severe and milder 

phenotypic  manifestations  

 

Table 2. General spectrum of genotype-phenotype associations (10).
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genotype-phenotype associations have been reported in the 
literature, most of them are summarized in table 2 21.
Patients examined in this study exhibited symptoms concordant 
with a typical CADASIL phenotype as well as typical genetic 
manifestations. This can be confirmed by the localization of the 
mutations, as exons 2-6 are a frequent hotspot for missense mu-
tations, with most of the reported NOTCH3 genetic alterations 
falling into this region 21 OMIM#125310. This can be further 
confirmed by the mutation spectrum in the reported cohort, 
which albeit small in number, is still significant for such a rarely 
diagnosed monogenic disorder. 
It should also be noted that mutations which arise in do-
mains 2-6 are causative of a more severe CADASIL pheno-
type, typically with a 12-year earlier onset of stroke, lower 
survival, and increased white matter hyperintensity volume 
while patients with pathogenic cysteine-altering mutations 
in domains 7-34 have a milder phenotype with a mean sur-
vival time of 76.9 years 4 thereby explaining an important part 
of CADASIL disease variability.”,”container-title”:”Genetics 
in Medicine”,”DOI”:”10.1038/s41436-018-0088-
3”,”ISSN”:”1530-0366”,”issue”:”3”,”language”:”en”,”note”:”n
umber: 3\npublisher: Nature Publishing Group”,”page”:”676-
682”,”source”:”www.nature.com”,”title”:”The effect of 
NOTCH3 pathogenic variant position on CADASIL disease 
severity: NOTCH3 EGFr 1–6 pathogenic variant are associ-
ated with a more severe phenotype and lower survival compared 
with EGFr 7–34 pathogenic variant”,”title-short”:”The effect of 
NOTCH3 pathogenic variant position on CADASIL disease se
verity”,”volume”:”21”,”author”:[{“family”:”Rutten”,”given”:”Jul
ie W.”},{“family”:”Van Eijsden”,”given”:”Bastian J.”},{“family”:”
Duering”,”given”:”Marco”},{“family”:”Jouvent”,”given”:”Eric”},
{“family”:”Opherk”,”given”:”Christian”},{“family”:”Pantoni”,”g
iven”:”Leonardo”},{“family”:”Federico”,”given”:”Antonio”},{“fa
mily”:”Dichgans”,”given”:”Martin”},{“family”:”Markus”,”given
”:”Hugh S.”},{“family”:”Chabriat”,”given”:”Hugues”},{“family”
:”Lesnik Oberstein”,”given”:”Saskia A. J.”}],”issued”:{“date-part
s”:[[“2019”,3]]}}}],”schema”:”https://github.com/citation-style-
language/schema/raw/master/csl-citation.json”} . Interestingly, 
the mutation frequency can vary dramatically when cases are 
split in those two categories - with mutations affecting exons 
7-34 being a 100 times more frequent compared to the clas-
sic estimated prevalence of CADASIL pathogenic mutations 
22 706 exomes of the exome aggregation consortium (ExAC.
Adding to the complexity, mutations affecting EGFrs 10 and 
11 (the ligand-binding domain) have been reported with both a 
milder phenotype, exhibiting a lower volume of lacunar infarcts 
23 and a profound manifestation with an unusually early stroke 
median age of 31 24 including a second Colombian kindred 
with an R1031C mutation.“,“container-title“:“Neurology“,“D
OI“:“10.1212/wnl.59.2.277“,“ISSN“:“0028-3878“,“issue“:“2“,“
journalAbbreviation“:“Neurology“,“language“:“eng“,“note“:“PM

ID: 12136071“,“page“:“277-279“,“source“:“PubMed“,“title“:“C
455R notch3 mutation in a Colombian CADASIL kindred with 
early onset of stroke“,“volume“:“59“,“author“:[{„family“:“Arbol
eda-Velasquez“,“given“:“J. F.“},{„family“:“Lopera“,“given“:“F.“},
{„family“:“Lopez“,“given“:“E.“},{„family“:“Frosch“,“given“:“M. 
P.“},{„family“:“Sepulveda-Falla“,“given“:“D.“},{„family“:“Gutier
rez“,“given“:“J. E.“},{„family“:“Vargas“,“given“:“S.“},{„family“:“
Medina“,“given“:“M.“},{„family“:“Martinez De Arrieta“,“given“
:“C.“},{„family“:“Lebo“,“given“:“R. V.“},{„family“:“Slaugenhaup
t“,“given“:“S. A.“},{„family“:“Betensky“,“given“:“R. A.“},{„famil
y“:“Villegas“,“given“:“A.“},{„family“:“Arcos-Burgos“,“given“:“M
.“},{„family“:“Rivera“,“given“:“D.“},{„family“:“Restrepo“,“given
“:“J. C.“},{„family“:“Kosik“,“given“:“K. S.“}],“issued“:{„date-pa
rts“:[[„2002“,7,23]]}}}],“schema“:“https://github.com/citation-
style-language/schema/raw/master/csl-citation.json“} . 
Furthermore, the reported prevalence of CADASIL caus-
ing NOTCH3 mutations is estimated to be between 1 and 9 
per 100,000 people 2,3. However, studies have shown that this 
number could be deflated based on the severity of the symp-
toms, with mutations causing milder phenotypes being as 
frequent as 1 in 300 4 thereby explaining an important part 
of CADASIL disease variability.”,”container-title”:”Genetics 
in Medicine”,”DOI”:”10.1038/s41436-018-0088-
3”,”ISSN”:”1530-0366”,”issue”:”3”,”language”:”en”,”note”:”n
umber: 3\npublisher: Nature Publishing Group”,”page”:”676-
682”,”source”:”www.nature.com”,”title”:”The effect of 
NOTCH3 pathogenic variant position on CADASIL disease 
severity: NOTCH3 EGFr 1–6 pathogenic variant are associ-
ated with a more severe phenotype and lower survival compared 
with EGFr 7–34 pathogenic variant”,”title-short”:”The effect of 
NOTCH3 pathogenic variant position on CADASIL disease se
verity”,”volume”:”21”,”author”:[{“family”:”Rutten”,”given”:”Jul
ie W.”},{“family”:”Van Eijsden”,”given”:”Bastian J.”},{“family”:”
Duering”,”given”:”Marco”},{“family”:”Jouvent”,”given”:”Eric”},{
“family”:”Opherk”,”given”:”Christian”},{“family”:”Pantoni”,”giv
en”:”Leonardo”},{“family”:”Federico”,”given”:”Antonio”},{“famil
y”:”Dichgans”,”given”:”Martin”},{“family”:”Markus”,”given”:”H
ugh S.”},{“family”:”Chabriat”,”given”:”Hugues”},{“family”:”Lesn
ik Oberstein”,”given”:”Saskia A. J.”}],”issued”:{“date-parts”:[[“20
19”,3]]}}}],”schema”:”https://github.com/citation-style-language/
schema/raw/master/csl-citation.json”} , with mutations affecting 
exons 7-34 being a 100 times more frequent compared to the 
classic estimated prevalence of CADASIL pathogenic mutations 
22 706 exomes of the exome aggregation consortium (ExAC. 
Because of this considerable variation of disease prevalence is in 
contrast to the number of reported mutations related to CA-
DASIL, it can be deduced that the disease is probably underdi-
agnosed. Current diagnostic guidelines would benefit if patients 
with recurrent small subcortical infarcts, TIAs, migraines, mood 
disturbances and abnormalities in the subcortical white matter 
and basal ganglia (confirmed by MRI) are referred for genetic 
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testing of the entire coding sequence of the NOTCH3 gene. 
Of note, all but one of the patients in the examined cohort was 
referred for genetic testing well beyond the typical age of onset of 
the disease. In the author’s opinion, current screening methods 
would greatly benefit from an earlier consideration for molecular 
testing in the presence of symptoms.

Conclusion
This study shows the need for future research to clarify the 
genotype-phenotype correlation in Bulgarian population be-
tween pathological variants in the NOTCH3 gene and the clini-

6.  Tournier-Lasserve E, Iba-Zizen MT, Romero N, Bousser MG. 
Autosomal dominant syndrome with strokelike episodes and 
leukoencephalopathy. Stroke. 1991 Oct;22(10):1297–302. 

7.  Baudrimont M, Dubas F, Joutel A, Tournier-Lasserve E, 
Bousser MG. Autosomal dominant leukoencephalopathy 
and subcortical ischemic stroke. A clinicopathological study. 
Stroke. 1993 Jan;24(1):122–5. 

8.  Chabriat H, Vahedi K, Iba-Zizen MT, Joutel A, Nibbio A, 
Nagy TG, et al. Clinical spectrum of CADASIL: a study of 
7 families. Cerebral autosomal dominant arteriopathy with 
subcortical infarcts and leukoencephalopathy. Lancet Lond 
Engl. 1995 Oct 7;346(8980):934–9. 

9.  Joutel A, Corpechot C, Ducros A, Vahedi K, Chabriat H, 
Mouton P, et al. Notch3 mutations in CADASIL, a heredi-
tary adult-onset condition causing stroke and dementia. 
Nature. 1996 Oct 24;383(6602):707–10. 

10.  Rutten JW, Haan J, Terwindt GM, Duinen SG van, Boon 
EM, Oberstein SAL. Interpretation of NOTCH3 mutations 
in the diagnosis of CADASIL. Expert Rev Mol Diagn. 2014 
Jun 1;14(5):593–603. 

11.  Ishiko A, Shimizu A, Nagata E, Takahashi K, Tabira T, 
Suzuki N. Notch3 ectodomain is a major component of 
granular osmiophilic material (GOM) in CADASIL. Acta 
Neuropathol (Berl). 2006 Sep;112(3):333–9. 

cal manifestation of the disease, which would greatly improve 
current diagnostic and treatment guidelines for patients with 
CADASIL.
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Abstract:
Previously epilepsy was recognized as part of the multiple sclerosis (MS) disease spectrum and treat-
ment with antiepileptic drugs was part of symptomatic MS therapy. These comorbidities in the same 
patient despite being well known still has not been fully understood.
The aim of this study was to evaluate incidence and clinical presentation of epilesy in population of 
our MS patients. We included in our study 200 patients evaluated in our MS center, 145 females and 
55 males.
Results: there was no statistically significant difference in mean age, disease duration, EDSS score 
between MS with and MS without epilepsy groups, no differences in clinical presentation of seizures 
according to the previous immunomodulatory treatment (p>0,05). We found EEG abnormalities 
in 50% of patients with MS and seizures, in 35% MS patients without seizures, pooled incidence of 
epilepsy in 3.5% with peak incidence between 4 and 7 years after the onset of multiple sclerosis. There 
was difference of seizure incidence according to clinical course of MS.
The treatment of epilepsy in patients with multiple sclerosis does not requires specific protocols than 
the general epileptic population, but requires individualized approach in order to achieve the best 
treatment for both diseases. 

Keywords: epilepsy, multiple sclerosis, treatment 

Sažetak:
Incidencija epilepsije u bolesnika s multiplom sklerozom
Incidencija epilepsije u bolesnika s multiplom sklerozom Prije je epilepsija bila prepoznata kao dio 
spektra multiple skleroze (MS) kao bolesti, a liječenje antiepileptičkim lijekovima bilo je dio simpto-
matske MS terapije. Interakcije ove dvije bolesti kada se jave u istog pacijenta još uvijek nisu dobro 
istražene , iako su dobro poznate same za sebe.
Cilj ove studije bio je procijeniti učestalost i kliničku prezentaciju epilesije u populaciji naših MS 
bolesnika. U našu smo studiju uključili 200 pacijenata procijenjenih u našem MS centru, 145 žena i 
55 muškaraca.
Rezultati: nije bilo statistički značajne razlike u prosječnoj životnoj dobi, trajanju bolesti, EDSS zbroju 
između MS s i MS bez epilepsijskih skupina, nije bilo razlike u kliničkoj prezentaciji napadaja prema 
prethodnom imunomodulatornom liječenju (p> 0,05). Otkrili smo EEG abnormalnosti u 50% bole-
snika s MS-om i napadajima, u 35% bolesnika s MS-om bez napadaja, ukupnu pojavnost epilepsije u 
3,5% s najvećom učestalošću između 4 i 7 godina nakon početka multiple skleroze. Postojala je razlika 
u učestalosti napadaja prema kliničkom tijeku MS-a.
Liječenje epilepsije u bolesnika s multiplom sklerozom ne zahtijeva posebne protokole od opće 
epileptične populacije, ali zahtijeva individualizirani pristup kako bi se postiglo najbolje liječenje za 
obje bolesti.

Ključne riječi: epilepsija, multipla skleroza, terapija

Incidence of  epilepsy in multiple 
sclerosis patients

Iris Zavoreo1, Miljenka Jelena Jurašić1, Lucija Zadro Matovina1, Vanja Bašić Kes1

1 University Department of Neurology, UHC Sestre milosrdnice, Zagreb, Croatia

OPEN ACCESS

Correspondence: 
Iris Zavoreo

iris_zavoreo@yahoo.com
orcid.org/0000-0001-9358-1665 

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: 28 April 2021
Accepted: 5 May 2021

Published: 15 June 2021

Citation:
Zavoreo I, Jurašić M J, Zadro Matovina 
L, Bašić Kes V. Incidence of epilepsy in 

multiple sclerosis patients:
RAD CASA - Medical Sciences. 

547=54-55 (2021): 20-23
DOI: https://dx.doi.org/10.21857/

m16wjcexo9

Copyright (C) 2021 Zavoreo I, Jurašić 
M J, Zadro Matovina L, Bašić Kes V. 

This is an open-access article distrib-
uted under the terms of the Creative 

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

in other forums is permitted, provided 
the original author(s) and the copy-

right owners(s) are credited and that 
the original publication in this journal 
is cited, in accordance whit accepted 

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



Original Article

RAD 547. Medical Sciences 54-55 (2021) : 20-23                       www.rad-med.com 21 June 2021   -   Vol 547 = 54-55

Introduction: 
Multiple sclerosis (MS) is autoimmune disease of the central 
nervous system. Previously epilepsy was recognized as part of 
the MS disease spectrum and treatment with antiepileptic drugs 
was part of symptomatic MS therapy. These comorbidities in the 
same patient despite being well known, still has not been fully 
understood. Seizures appear in only a minority of patients with 
MS, but they can have serious consequences. The treatment of 
MS can be epileptogenic, and antiepileptic treatment can con-
versely worsen the symptoms of MS, therefore further investiga-
tion are needed.1,2 
The risk of epilepsy in patients with multiple sclerosis is 3 to 6 
times higher than the healthy population (general population 
ranges from 0.27 to 1.7%.1, in patients with multiple sclerosis 
(MS) average of 2.3% (range 0.5–10.8%). It is more common in 
young age with peak incidence between 4 and 7 years after the 
onset of multiple sclerosis. It is important to consider that pa-
tients with MS during the course of the disease may show clini-
cal symptoms such as paroxysmal epileptic-like spasms, dizziness, 

diplopia, and more, to differentiate the disease seizure in order to 
establish the correct clinical diagnosis and therapy.3,4

The aim of this study was to evaluate incidence and clinical pres-
entation of epilepsy in population of our MS patients. 

Patients and methods:
We included in our study 200 patients evaluated in our MS 
center, University Department of Neurology, UHC Sestre mi-
losrdnice in Zagreb during last year. MS diagnose was established 
according to revised Mc Donald criteria.5 Diagnose of epilepsy 
was established according to criteria of the International League 
Against Epilepsy (ILAE).6 MS patients were divided in group 
relapse remitted MS (RRMS) and primary progressive MS 
(PPMS) and incidence of epileptic seizures was evaluated in these 
two populations. We evaluated age, gender, disease duration, 
immunomodulatory therapy and EDSS value. For statistical 
evaluation, we used Statistica software (TIBCO Software, Inc. 
Kalifornija, SAD), ANOVA test for demographic data and χ2 test 
for parametric data, statistical significance was p<0,05.

MS PATIENTS WITH EPILEPSY MS PATIENTS WITHOUT EPILEPSY
Females 6 (3%) 139 (69.5%)
Males 1(0.5%) 54 (27%)
Mean age 
(years±standard deviation) 36 ±16

MS disease duration (years) 8 (0-15)
RRMS 5 (2.5%) 155 (77.5%)
PPMS 2 (1%) 38 (19%)
Seizure in relapse of MS 5 (2.5%) 0
Immunomodulatory therapy before 
seizure 3 (1.5%) 0

No Immunomodulatory therapy before 
seizure 4 (2%) 0

EDSS 0-4 160 (80%)
EDSS 4-6 38 (19%)
EDSS >7 2 (1%)

*data were presented as absolute numbers and percentages

Table 1. Patient properties
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Results
We included in our study 200 patients, 145 females and 55 
males, there was no statistically significant difference in mean 
age, disease duration and EDSS score between MS with and 
MS without epilepsy groups (p>0,05), therefore pooled data 
are presented for these parameters. In our study, we found 6 
females and 1 male patient with MS and seizures; while most of 
the patients were seizure free (139 females and 54 males). When 
evaluated seizure incidence according to MS clinical presenta-
tion there was 5 patients with RRMS and 2 patients with PPMS 
(p=0.047); 5 patients had seizures as presentation of MS relapse 
(p=0.048). When evaluating seizure types 3 were generalized sei-
zures and 4 were focal according to ILAE classification, there was 
no differences in clinical presentation of seizures according to the 
clinical course of MS (RRMS; PPMS). There was no difference 
in seizure presentation according to previous immunomodula-
tory therapy (p>0.05). When we correlate EDSS values between 
the groups we did not found statistically significant differences 
between the MS with epilepsy and without epilepsy patients 
(p>0.05). Brain magnetic resonance imaging (MRI) findings 
have shown diffuse lesions, including as well cortical, iuxtacor-
tical lesions and different grades of atrophy but there was no 
statistically significant differences according to the MS popula-
tion without seizures(p>0,05),. We found EEG abnormalities 
in 50% of patients with MS and seizures, in 35% MS patients 
without seizures. 

Discussion
The risk of epilepsy in patients with multiple sclerosis is 3 to 6 
times higher than the healthy population (general population 
ranges from 0.27 to 1.7%.1, in patients with multiple sclerosis 
(MS) average of 2.3% (range 0.5–10.8%). In our study, we 
found pooled incidence of 3.5%, 3% in females and 0.5% in 
males.1,4

It is more common in young age with peak incidence between 4 
and 7 years after the onset of multiple sclerosis, in our study at 
the time of seizure appearance mean duration of the MS was 8 
years. 1,4

It is more prevalent in the female sex, the frequency of seizures 
seems to be related to the number of exacerbations of multiple 
sclerosis and the seat of injury especially when present in the 
cortical or iuxtacorticali (substrate consists of areas of inflamma-
tion and demyelination in the cortex and white matter justacor-
ticale with reactive gliosis, edema and alterations of enzyme ATP 
Na-K dependent). In cases with varying degrees of atrophy it is 
assumed that the alteration of sodium channels may be a com-
mon pathogenetic element in the same patient from the onset of 
epilepsy and multiple sclerosis, especially when epilepsy precedes 
the onset of MS. In our study most of the patients were females, 
most of the seizures appeared in relapse of MS, MRI findings 
have shown diffuse lesions, including as well cortical, iuxtacor-

tical lesions and different grades of atrophy but there was no 
statistically significant differences according to the MS popula-
tion without seizures. 7-9

Seizures are included in the spectrum of multiple sclerosis symp-
toms and they may arise in the course of relapse or always be pre-
sent. Crises can be partial or generalized, primary or secondary, 
with the same prevalence of epileptic general population. Partial 
seizures with or without secondary generalization are the most 
frequent type. Among the partial seizures, focal seizures are twice 
as frequent complex partial unlike the general population in 
which this ratio is reversed. In our study there was no statistically 
significant difference in number of generalized and focal seizures, 
there was no differences in clinical presentation of seizures ac-
cording to the clinical course of MS (RRMS; PPMS).10-12

It is important to consider that patients with MS during the 
course of the disease may show clinical symptoms such as par-
oxysmal epileptic-like spasms, dizziness, diplopia, and more, to 
differentiate the disease seizure in order to establish the correct 
clinical diagnosis and therapy. 11

Seizures can also be a rare side effect of therapies for multiple 
sclerosis in particular glatiramer acetate, fampridine, cannabis 
and derivatives or even more rarely with beta interferon, prob-
ably for a lowering of the seizure threshold. In our study, we did 
not found impact of immunomodulatory or other MS therapy 
on epileptic seizures. 13

EEG abnormalities are present in approximately 60% of patients 
with multiple sclerosis and are generally in relation to the site of 
injury or over the stage of the disease and the particular type of 
course The relationship between the EEG and neuroradiological 
finding to date have not yet been clearly defined. Presumably in 
the early stages of disease flare edema present level of demyelinat-
ing lesions that may have epileptogenic effects would be reduced 
with steroid therapy. Patients with epilepsy and MS have cortical 
inflammatory lesions that would explain focal onset seizures dur-
ing relapses or as debut of MS. However, some patients build up 
numerous epileptogenic processes, developing seizures away from 
relapses, perpetuating neurodegeneration and cognitive impair-
ment. These patients should be the center for new treatment 
strategies targeting the detention of the epileptogenic progres-
sion. We found EEG abnormalities in 50% of patients with MS 
and seizures, but also in 35% of MS patients without seizures, it 
is according to previously mentioned facts.14

Seizure control is essential for people with epilepsy not only 
because of general health, but also because of their psychosocial 
functioning as well as mortality rate reduction, including sudden 
unexpected death (SUDEP).13

The treatment of epileptic disease in patients with multiple 
sclerosis does not requires specific protocols than the general 
epileptic population. We should think only about the comedica-
tion for both disease and possible interactions and side effects, 
for example- use of phenobarbital could accentuate cognitive 
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deficits so it is recommended not to use it. When used, carba-
mazepine, lamotrigine or gabapentin could induce increased 
fatigue, disorders of balance, the cognitive slowing, the onset or 
aggravation of their symptoms of MS such disorders cerebellar, 
pyramidal signs, micturition disorders. The new AEDs are good 
therapeutic option for which the antiepileptic therapy in patients 
with multiple sclerosis. Number of patients in our study was too 
low for statistical evaluation of AED and their impact on disease 
course as well as patient everyday functioning, for these purposes 
further studies should be performed as follow up studies with 
higher number of patients. 13,14

References: 
1. Vincent A, Crino PB. Systemic and neurologic autoimmune 

disorders associated with seizures or epilepsy. Epilepsia. 
2011; 52:12–7. doi: 10.1111/j.1528-1167.2011.03030.x

2. Horakova D, Kalincik T, Dusankova JB, Dolezal O. Clinical 
correlates of grey matter pathology in multiple sclerosis. 
BMC Neurol. 2012; 12:10. doi: 10.1186/1471-2377-12-10

3. Koch M, Uyttenboogaart M, Polman S, De Keyser J. Sei-
zures in multiple sclerosis. Epilepsia. 2008; 49:948–53. doi: 
10.1111/j.1528-1167.2008.01565.x

4. Uribe-San-Martin R, Ciampi-Diaz E, Suarez-Hernandez F, 
Vásquez-Torres M, Godoy-Fernández J, Cárcamo-Rodríguez 
C. Prevalence of epilepsy in a cohort of patients with 
multiple sclerosis. Seizure. 2014; 23:81–3. doi: 10.1016/j.
seizure.2013.09.008

5. Thompson AJ, Banwell BL, Barkhof F, Carroll WM, Coet-
zee T, Comi G.et al. Diagnosis of multiple sclerosis: 2017 
revisions of the McDonald criteria. Lancet Neurol. 2018; 
17:162–73. doi: 10.1016/S1474-4422(17)30470-2

6. Scheffer IE, Berkovic S, Capovilla G, Connolly MB, French 
J, Guilhoto L, et al. ILAE classification of epilepsies: posi-
tion paper on the ILAE commission for classification and 
terminology. Epilepsia. 2017; 58:512–21.doi: 10.1111/
epi.13709

7. Geurts JJ, Bö L, Pouwels PJ, Castelijns JA, Polman CH, 
Barkhof F. Cortical lesions in multiple sclerosis: combined 
post-mortem MR imaging and histopathology. Am J Neuro-
radiol. 2005; 26:572–7.

8. Calabrese M, Stefano N, Atzori M, Bernardi V, Mattisi I, 
Barachino L, et al. Extensive cortical inflammation is as-
sociated with epilepsy in multiple sclerosis. J Neurol. 2008; 
255:581–6. doi: 10.1007/s00415-008-0752-7

9. Martínez-Lapiscina EH, Ayuso T, Lacruz F, Gurtubay IG, 
Soriano G, Otano M, et al. Cortico-juxtacortical involve-
ment increases risk of epileptic seizures in multiple sclero-
sis. Acta Neurol Scand. 2013; 128:24–31. doi: 10.1111/
ane.12064

10. Burman J, Zelano J. Epilepsy in multiple sclerosis: a na-
tionwide population-based register study. Neurology. 2017; 
89:2462–8. doi: 10.1212/WNL.0000000000004740.

11. Gasparini S, Ferlazzo E, Ascoli M, Sueri C, Cianci V, Russo 
C, et al. Risk factors for unprovoked epileptic seizures in 
multiple sclerosis. A systematic review and meta-analysis. 
Neurol Sci. (2017) 38:399–406. doi: 10.1007/s10072-016-
2803-7

12. Benjaminsen E,Myhr KM, Alstadhaug KB. The prevalence 
and characteristics of epilepsy in patients with multiple scle-
rosis in Norland county, Norway. Seizure. 2017; 52:131–5. 
doi: 10.1016/j.seizure.2017.09.022

13. Dagiasi I, Vall V, Kumlien E, Burman J, Zelano J. Treatment 
of epilepsy in multiple sclerosis. Seizure. 2018; 58:47–51. 
doi: 10.1016/j.seizure.2018.04.001

14. Durmus H, Kurtuncu M, Tuzun E, Pehlivan M, Akman-
Demir G, Yapici Z, et al. Comparative clinical characteris-
tics of early and adultonset MS patients with seizures. Acta 
Neurol Belg. 2013; 113:421–6. doi: 10.1007/s13760-013-
0210-x



Original Article

RAD 547. Medical Sciences 54-55 (2021) : 24-31                       www.rad-med.com 24 June 2021   -   Vol 547 = 54-55

Abstract:
Introduction: Chronic kidney disease (CKD) is one of the leading public health problems and a 
significant concern in the elderly population. Assessment of renal function in elderly is difficult due to 
the physiological decline of GFR with aging. Furthermore, recommended eGFR CKD EPI equation 
has not been validated in the elderly. Our aim was to analyze in a group of subjects older than 70 years 
the differences in CKD prevalence and eGFR stages using CKD EPI and BIS1 equations (validated in 
elderly) and to distinguish the presence normal kidney aging from CKD using the HUGE equation. 
Materials and Methods: This cross-sectional observational study included 383 subjects older than 70 
years who were part of ENAH study (N=2193). CKD was defined as an eGFR <60mL/min/1.73m2; 
CKD stages were classified according to the KDIGO guidelines. The eGFR was calculated using CKD 
EPI and BIS1 equation. The HUGE equation was calculated in subset of 75 subjects.
Results: The average age of the study population was 75 years. BIS1 classified 22.7% subjects more to a 
GFR <60 mL/min/1.73m2 than CKD EPI. A systematic difference was found between the equations, 
with BIS1 mean value being lower for 8.0 mL/min than that of CKD EPI. Less falsely CKD (8.6% 
subjects) i.e. more normal kidney aging was detected using BIS1 instead of CKD EPI equation.
Conclusions: The prevalence of CKD was higher with BIS1 than with CKD EPI equation i.e. CKD 
EPI underestimated CKD prevalence in elderly. More accurate diagnosis of CKD, and better determi-
nation of CKD prevalence in subjects older than 70 years could be obtained using BIS1 equation with 
addition of HUGE equation.

Keywords: Berlin Initiative Study equation, CKD EPI equations, chronic kidney disease, estimat-
ed glomerular filtration rate, HUGE, elderly

Sažetak:
Berlin Initiative Study 1 jednadžba i HUGE jednadžba za precizniju procjenu bubrežne funkcije 
u starijih
Uvod: Kronična bubrežna bolest (KBB) jedan je od vodećih javnozdravstvenih problema i značajan 
problem kod starijih osoba. Procjena funkcije bubrega kod starijih osoba otežana je zbog fiziološkoga 
pada GFR. Nadalje, preporučena eGFR CKD EPI jednadžba nije validirana u starijih osoba. Cilj naše 
studije je bio analizirati razlike u prevalenciji KBB u skupini ispitanika starijih od 70 godina koristeći 
CKD EPI i BIS1 jednadžbe koja je validirana u starijih, te utvrditi razlike između normalnog bubrež-
nog starenja i KBB koristeći HUGE jednadžbu.
Materijali i metode: U ovu presječnu opservacijsku studiju uključeno je 383 ispitanika starijih od 70 
godina koji su bili dio ENAH studije (N=2193). KBB je definirana kao eGFR <60mL/min/1,73m2. 
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Stadiji KBB određeni su prema KDIGO smjernicama. Vrijednosti eGFR određene su koristeći CKD 
EPI i BIS1 jednadžbu. HUGE jednadžba izračunata je u podskupini od 75 ispitanika.
Rezultati: Prosječna starost ispitanika bila je 75 godina. BIS1 klasificirala je 22,7% ispitanika više u 
skupinu s vrijednosti eGFR <60 mL/min/1,73 m2 od CKD EPI. Utvrđena je sistemska razlika između 
jednadžbi, pri čemu je srednja vrijednosti BIS1 bila manja za 8,0 mL/min od vrijednosti CKD EPI. 
Manje lažno dijagnosticirane KBB (8,6% ispitanika) tj. normalno bubrežno starenje otkriveno je kori-
steći BIS1 umjesto CKD EPI jednadžbu.
Zaključci: Prevalencija KBB bila je veća koristeći BIS1 nego CKD EPI jednadžbu, tj. CKD EPI pod-
cijenila je prevalenciju KBB u starijih osoba. Koristeći BIS1 uz dodatak HUGE formule mogla bi se 
preciznije dijagnosticirati i točnije odrediti prevalencija KBB u starijih od 70 godina.

Ključne riječi: BIS1, CKD EPI, kronična bubrežna bolest, procjena brzine glomerularne filtraci-
je, HUGE, starije osobe 

Introduction:
Chronic kidney disease (CKD) is one of the leading public 
health problems and a significant concern in the elderly popula-
tion, especially with increasing incidence of its leading causes and 
risk factors, such as hypertension, obesity, and diabetes mellitus 
1,2,3,4. The global prevalence of CKD in 2017 was 9.1%, with a 
record of almost 700 million cases of all-stage CKD 1. CKD has 
grown worryingly as an important cause of death, moving from 
17th to 12th place in last 30 years 1. The prevalence of CKD and 
end-stage-kidney-disease (ESKD) are high among the elderly 
population and are increasing with aging 4,5,6,7. CKD is associated 
with the risk of ESKD, but also is an independent cardiovascu-
lar (CV) risk factor, with only one in five patients with CKD 
experiencing the need for renal replacement therapy while four 
of five patients die most commonly from CV or cerebrovascular 
death 1,3,4,8. Glomerular filtration rate (GFR) was considered the 
best indicator of global kidney function in health and disease 9. 
KDIGO guidelines recommended The Chronic Kidney Disease 
Epidemiology Collaboration (CKD EPI) equation for routine 
reporting of estimated GFR (eGFR) in adults. KDIGO recom-
mended an alternative equation if it showed to have higher 
accuracy compared to the CKD EPI equation 9. CKD EPI equa-
tion has several limitations. Firstly, it was validated on a rela-
tively small number of elderly subjects (older than 70 years) and 
secondly, it is adjusted to the unique body surface area of 1.73 
m2 10. Recently, Berlin Initiative Study 1 equation (BIS1) was 
found to be more appropriate for subjects older than 70 years 
11. It was developed in the year 2012 using data from a German 
population aged 70 years or older and showed better accuracy 
than other creatinine-based formulas in elderly subjects 11. Given 
the increased prevalence of CKD and its causes in the elderly 
population, an accurate and precise diagnosis of CKD is of 
paramount importance. Furthermore, it is difficult to determine 
the difference between CKD in elderly, i.e. a clinically significant 
decline in renal function with decline in GFR physiologically 
caused by aging. In normal aging GFR decline by about 6 to 7 
mL/min/1.73 m2 per decade starting after age 35 to 40. There-

fore, the suitability of a cut-off value of eGFR less than 60 mL/
min/1.73 m2 as the cut-off for CKD in the elderly is debatable 
12,13,14. Therefore, the HUGE equation was derived to determine 
presence of CKD without considering the patient’s GFR that 
which is important in the elderly where reduced eGFR as already 
mentioned, does not always mean the presence of CKD 15. Our 
aim was to analyze in a group of subjects older than 70 years the 
differences in CKD prevalence and eGFR stages using CKD EPI 
and BIS1 equations and to distinguish the presence of normal 
kidney aging from CKD using the HUGE equation.

Materials and Methods 
Patient data 
This cross-sectional observational study included 383 subjects 
older than 70 years (136 men and 247 women) from a rural area 
in the continental part of Croatia who were part of the large 
cohort from the ENAH study (N=2193). Subjects were invited 
to participate and were examined on a door-to-door basis. Exclu-
sion criteria were pregnancy, patients with a terminal illness who 
were bed-ridden, patients with severe disability or those who had 
at least one limb amputated or immobilized as well as mentally 
ill or suffering from dementia. 

Methods 
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 
and fasting blood sample. Weight and height were measured, 
and the body mass index (BMI) was calculated. Abdominal 
obesity was defined as waist circumference for males > 102 cm 
and for females > 88 cm. Blood pressure (BP) was measured 
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/
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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.
Serum creatinine was measured on the Olympus AU 2700 
analyzer using the Jaffé kinetic uncompensated method with 
continuous measurement (Beckman Coulter, California, USA). 
Calibration was performed using calibrators from the same com-
pany that can be monitored by the IDMS method and standard 
reference material. The eGFR was calculated by creatinine based 
CKD EPI and BIS1 equations 10,11. The HUGE equation was 
calculated in subset of 75 subjects depending on the gender and 
applying serum urea and hematocrit to the equation. HUGE 
equation was used to distinguish normal kidney aging from 
CKD, regardless of the subject’s age, serum creatinine or eGFR 
values 15. If the value of HUGE equation was ≥0, it meant that 
subject had CKD, if the value was <0, it was a case of normal 
kidney aging. CKD EPI, BIS1 and HUGE equations are 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

BIS 1 eGFR= 3736 x Scr-0.87 x Age-0.95 x 0.82 (if female)
HUGE = 2.505458 - (0.264418 x Hematocrit) + (0.118100 x Urea) + (1.383960 if male)

The study was approved by the Ethical Board of School of 
Medicine University of Zagreb, Croatian National Institute 
of Public Health and General Hospital ‘Dr. Josip Benčević’ 
Slavonski Brod, and all participants gave written informed 
consent. 

Statistical analysis 
Categorical variables were shown as percentages and continuous 
variables as means with standard deviation for normally distrib-
uted 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. Continu-
ous variables were compared using independent sample t-test, 
paired-samples t-test, or Mann-Whitney U-test, depending on 
the distribution. Differences between equations were analyzed 
using the chi-square test, kappa inter-rater agreement, and 
Bland-Altman plot analysis. Statistical significance was set, and 
statistical analysis was performed at 0.05 using SPSS version 23.0 
(IBM Corp., USA).

Results
Characteristics of the study population are shown in Table 1. 
The study included 383 subjects older than 70 years, 64.49% of 
them were female. The average age of the study population was 
75 years (72-78). The average BMI of the study population was 
27.6 kg/m2 with higher values obtained in the female gender 
(28.5 kg/m2 vs. 26.5 kg/m2; p<0.001), and 38.1% of the study 
population had abdominal obesity. BSA values obtained with 
Moesteller equation were on average 1.82 m2, significantly higher 
than the value of 1.73 m2, the number included in the CKD EPI 
equation. Hypertension was present in 89% of the study popula-
tion with average values of systolic BP 156.4±25.6 mmHg and 
diastolic BP 85.4±14.1 mmHg. Average values of total choles-
terol and LDL were slightly above reference values, 5.8 (5.0-6.6) 
mmol/L and 3.5 (2.9-4.2) mmol/L, respectively. Women were 
older and more women than men were obese and had been diag-
nosed with diabetes and hypertension. Albuminuria was found 
in 14.9%, without any differences between genders. 

The prevalence of CKD defined as eGFR <60 mL/min/1.73 m2 
was significantly higher in the whole study population, men and 
women, when eGFR was calculated using BIS1 equation instead 
of CKD EPI equation (57.4% vs. 34.7%; 52.9% vs. 30.9%; 
59.9% vs. 36.8%, respectively; all p<0.001) (Table 2 and Table 
3). The agreement between CKD EPI and BIS1 for subjects older 
than 70 years was moderate, kappa 0.56 (95% CI 0.49-0.63). 
BIS1 equation showed a downward reclassification, with lower 
eGFR using BIS1 for stages 3a and 3b. BIS1 classified 22.7% 
subjects more to a GFR <60 mL/min/1.73 m2 than CKD EPI. A 
systematic difference was found between the equations, with BIS1 
mean value being lower for 8.0 mL/min than that of CKD EPI 
(95% limits of agreement: +1.9 to -17.8) (Figure 1). The preva-
lence of CKD and normal kidney aging determined by HUGE 
is shown in Table 4. Less falsely CKD (8.6% subjects) i.e. more 
normal kidney aging was detected using BIS1 instead of CKD EPI 
equation. However, difference was not statistically significant.
When results of HUGE were considered than the true preva-
lence of CKD was significantly lower for both equations. When 



Original Article

RAD 547. Medical Sciences 54-55 (2021) : 24-31                       www.rad-med.com 27 June 2021   -   Vol 547 = 54-55

subjects with normal aging were subtracted (HUGE < 0) the 
prevalence of CKD was 28.4% (63.1%-34.7%) using BIS equa-
tion, and 4.6% (30.7%-26.1%) using CKD EPI equation.

Discussion
In this study, we found significant difference with modest agree-
ment between the CKD EPI equation and the BIS1 equation in 
elderly subjects. There was a significant difference in classifying 
subjects in CKD stages using CKD EPI and BIS1 equations. This 
suggests that in elderly BIS1 equations could be more appropri-
ate than currently recommended CKD EPI equation. This is 
in line with other studies which evaluated the BIS1 equation in 
the elderly 11,16,17,18. A study by Schaeffner et al. on 570 elderly 
subjects (mean age 78.5 years) found that BIS1 showed higher 
accuracy and agreement with measured GFR (mGFR) than CKD 
EPI equation, especially in patients with eGFR >30 mL/min/1.73 
m2 11. Furthermore, in a retrospective analysis by Koppe et al. on 
224 Caucasian patients older than 70 years, reported that BIS1 
has higher accuracy and precision than the CKD EPI or MDRD 
equation with the lowest median bias and the highest concord-
ance correlation coefficient compared with mGFR. However, 
better performance of BIS1 was showed for mGFR >30 mL/
min/1.73 m2, while CKD EPI was more accurate for lower values 
16. In our study median eGFR values calculated using the BIS1 
equation were lower than that of CKD EPI (58.2 vs. 66.8 mL/
min/1.73 m2, respectively), with lower values observed in women. 
These results are in line with the results published by Lengnan et 
al. where BIS1 eGFR values were the lowest in elderly subjects 
compared to eGFR calculated with CKD EPI, MDRD, and FAS 
equations 17. In addition, Polkinghorne et al. performed study on 
17 762 subjects (mean age 75.1 years) and reported lower eGFR 
values using BIS1 compared to CKD EPI (mean eGFR 62.7 vs. 
73.0 mL/min/1.73 m2) 18. 
In the study where CKD EPI equation was derived, the percent-
age of subjects older than 70 years was small (between 3-7%) 
10. On the other side, the BIS1 equation has been specifically 
developed for elderly, where all subjects included in the study 
were older than 70 years (mean age of study population was 
78.5 years) 11. Thus, in this study we included subjects of that 
age (median age 75 years). In our study BIS1 equation clas-
sified 22.7% subjects more to have CKD i.e. eGFR <60 mL/
min/1.73 m2 compared to the CKD EPI equation. This is in line 
with results published by Tarantini et al. on 7845 subjects older 
than 70 years, where BIS1 equation classified 20.1% subjects 
more to eGFR <60 mL/min/1.73 m2 than CKD EPI equation 
19. Similar results were observed in other similar studies such 
as Polkinghorne et al. (22.34%), Schaeffner et al. (19.3%) and 
Corsonello et al. (27%) 11,18,20. Bland Altman analysis showed 
mean difference of 8.0 mL/min/1.73 m2 being lower using BIS1 
than CKD EPI (95% limits of agreement: +1.9 to -17.8). This 
is also in line with results from other studies. Tarantini et al. 

found a systematic difference between equations, with the BIS1 
mean difference of 8.9 mL/min/1.73 m2 being lower than CKD 
EPI (95% limits of agreement: +3.4 to -21.3) 19. Furthermore, 
multicentric observational study on 2257 subjects also reported 
lower mean difference of 8.97 mL/min/1.73 m2 using BIS1 20. 
Fan et al. showed no superiority to CKD EPI equation compared 
with other equations (Japanese, BIS, and Caucasian and Asian 
pediatric and adult subjects (CAPA) equation) 21. On the other 
hand, some other authors did not find advantage of using BIS1 
in the elderly 21,22,23. Diagnostic performance of four different 
creatinine-based eGFR equations did not give an advantage to 
any of the equations including BIS1 in the elderly 22. Finally, 
David-Neto et al. evaluated four equations (MDRD4, CKD 
EPI, BIS1, and modified Cockcroft–Gault equation) in elderly 
renal-transplanted recipients and concluded that CKD EPI equa-
tion was superior with the lowest bias and better accuracy 23. 
It is acknowledged that decline in eGFR value in the elderly 
subjects does not necessarily equal CKD. HUGE equation 
was proposed as a possible tool in distinguishing normal aging 
from CKD 15,24,25. In our group of elderly, CKD prevalence was 
significantly lower regardless which equation was used when we 
included HUGE equation in analyses. However, we observed less 
falsely diagnosed CKD or in another words we observed more 
normal-aging when BIS1 was used instead of CKD EPI. 
Our study has several limitations. First, we determined eGFR 
only once, therefore we cannot claim with certainty about an 
existence of chronic condition or CKD. In addition, our study 
included subjects from only a part of the rural areas of continen-
tal Croatia. Nevertheless, the concordance of our results and the 
results of other multicentric studies and studies that included a 
larger number of subjects is of significant value.
In conclusion, we found eGFR to be 8 ml/min/1.73m2 lower 
when using BIS1 equation compared to CKD EPI equation. 
Consecutively, the prevalence of CKD was higher with BIS1 
than with CKD EPI equation i.e. CKD EPI underestimated 
CKD prevalence in elderly. Based on our results that are in agree-
ment with most of other authors we could suggest that BIS1 
equation is more suitable in distinguishing true CKD from nor-
mal aging than CKD EPI equation. Furthermore, more accurate 
diagnosis of CKD, and better determination of CKD prevalence 
in subjects older than 70 years could be obtained using BIS1 
equation with addition of HUGE equations eliminating in that 
way subjects with normal kidney aging. 
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Whole group Men Women p

%, (n) (383) 35.51 (136) 64.49 (247) < 0.001

Age, years 75 (72-78) 74 (71-78) 75 (73-79) 0.063

Body weight, kg 73 (64-82) 77 (69-86) 70 (61-81) < 0.001

Body height, cm 160.5 (155.0-170.0) 171 (167.0-175.0) 157 (153.3-161.0) < 0.001

BMI, kg/m2 27.6 (24.6-30.9) 26.5 (23.7-28.9) 28.5 (25.0-32.0) < 0.001

BMI <25, % (n) 

BMI 25-30, % (n) 
BMI ≥30, % (n) 

37.6 (144)

36.3 (139)

26.1 (100)

41.2 (56)

44.9 (61)

13.9 (19)

35.6 (88)

31.6 (78)

32.8 (81)

< 0.001

BSA (Moesteller) m2 1.82 (1.68-1.96) 1.90 (1.79-2.03) 1.76 (1.62-1.90) < 0.001

WC, cm 98.7±13.2 99.7±11.7 98.1±13.9 0.392

Abdominal obesity, % 38.1 (146) 24.3 (33) 45.7 (113) < 0.001

Systolic blood pressure, mmHg 156.4±25.6 154.0±23.5 157.4±26.7 0.324

Diastolic blood pressure, mmHg 85.4±14.1 83.0±13.5 86.7±14.4 0.053

Hypertension, % 89.0 (341) 83.1 (113) 92.3 (228) 0.009

Diabetes, % 18.0 (69) 16.9 (23) 18.6 (46) 0.613

Current smokers, % 

Ex smokers, % 

7.05 (27)

12.53 (48)

15.44 (21)

31.62 (43)

2.43 (6)

2.02 (5)
0.120

Fasting blood glucose, mmol/L 5.6 (5.1-6.6) 5.6 (5.0-6.6) 5.6 (5.2-6.7) 0.816

Total cholesterol, mmol/L 5.8 (5.0-6.6) 5.4 (4.9-6.3) 6.0 (5.1-6.9) 0.002

HDL cholesterol, mmol/L 1.53 (1.29-1.85) 1.43 (1.22-1.76) 1.55 (1.33-1.92) 0.049

LDL cholesterol, mmol/L 3.5 (2.9-4.2) 3.3 (2.7-4.0) 3.6 (2.9-4.4) 0.063

Triglycerides, mmol/L 1.4 (1.1-1.9) 1.2 (0.9- 1.8) 1.6 (1.2-2.2) < 0.001

Serum creatinine, µmol/L 82 (72-99) 94 (84-107) 76 (69-91) < 0.001

eGFR CKD EPI equation 66.8 (55.7-76.5) 68.5 (57.4-79.0) 65.7 (53.8-74.2) 0.025

eGFR BIS1 equation 58.2 (49.9-64.2) 58.7 (51.5-65.9) 57.0 (49.1-63.2) 0.032

HUGE equation -1.62 (-2.9-8.4) 9.3 (8.3-9.7) -2.5 (-4.1-(-1.6)) < 0.001

ACR mg/g 9.4 (5.4-24.6) 8.6 (4.4-35.2) 9.6 (5.6-22.1) 0.523

Albuminuria, % (ACR> 30) 14.9 (57) 17.6 (24) 13.4 (33) 0.236

BMI = body mass index; BSA = body surface area; WC = waist circumference; eGFR = estimated glomerular filtration rate; ACR = 
albumin-to-creatinine ratio

Table 1. Demographic and clinical characteristics of study population

Tables and Figures
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Whole group Men Women
N 383 136 247

CKD EPI BIS1 CKD EPI BIS1 CKD EPI BIS 1
CKD prevalence, % 34.72 57.4 30.9 52.9 36.8 59.9

% (n) % (n) % (n) % (n) % (n) % (n)
Stage 1

eGFR ≥90
1.6 (6) 0.3 (1) 3.7 (5) 0 0.4 (1) 0.4 (1)

Stage 2

eGFR= 60-89
63.7 (244) 42.3 (162) 65.4 (89) 47.1 (64) 62.8 (155) 39.7 (98)

Stage stage 3A

eGFR= 45-59
21.1 (81) 41.0 (157) 22.1 (30) 39.7 (54) 20.6 (51) 41.7 (103)

Stage stage 3B

eGFR= 30-44
10.2 (39) 13.8 (53) 4.4 (6) 9.6 (13) 13.4 (33) 16.2 (40)

Stage 4

eGFR= 15-29
2.9 (11) 2.1 (8) 3.7 (5) 2.9 (4) 2.4 (6) 1.6 (4)

Stage 5

eGFR ≤15
0.52 (2) 0.52 (2) 0.7 (1) 0.7 (1) 0.4 (1) 0.4 (1)

P value < 0.001 < 0.001 < 0.001

eGFR = estimated glomerular filtration rate (mL/min/1.73 m2); CKD = chronic kidney disease

In whole group 

CKD EPI
BIS1 ≥ 60, % (n) < 60, % (n) Total

≥ 60, % (n) 42.5 (163) 0 (0) 42.6 (163)
< 60, % (n) 22.7 (87) 34.7 (133) 57.4 (220)
Total, % (n) 65.2 (250) 34.7 (133) 383

P value < 0.001

Kappa: 0.56 (95% CI 0.49-0.63)

Table 2. Prevalence of chronic kidney disease defined as eGFR <60 mL/min/1.73 m2 

Table 3. Prevalence of chronic kidney disease defined as eGFR <60 mL/min/1.73 m2
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eGFR <60 mL/min/1.73 m2
BIS 1

N=46

CKD EPI

N=23
P value

HUGE < 0 HUGE ≥ 0 HUGE < 0 HUGE ≥ 0

0.465

Stage 3a, % (n) 37.0 (17) 26.1 (12) 26.1 (6) 8.7 (2)
Stage 3b, % (n) 17.4 (8) 4.3 (2) 26.1 (6) 8.7 (2)
Stage 4, % (n) 8.7 (4) 4.3 (2) 17.4 (4) 8.7 (2)
Stage 5, % (n) 2.2 (1) 0 4.3 (1) 0
Total, % (n) 65.3 (30) 34.7 (16) 73.9 (17) 26.1 (6)
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Figure 1. Bland-Altman plots of the estimated filtration rate (eGFR) as obtained CKD EPI against obtained BIS1 equation for the subjects older than 70 years 
 The horizontal median continuous line represents the bias, and the dotted horizontal lines represent the upper and lower limits of agreement. BIS1 = Berlin Initiative 

Study; CKD EPI = Chronic Kidney Disease Epidemiology Collaboration

Table 4. Comparison between chronic kidney disease and normal kidney aging in elderly using HUGE, BIS1 and CKD EPI equation 
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Abstract:
Introduction: Subclavian artery stenosis is a potential cause of serious morbidity, endangering the 
upper extremities, brain and the heart. It is a relatively rare form of peripheral arterial disease, usually 
present in patients who already suffer from peripheral arterial disease on other vessels, most often lower 
extremity arteries. Atherosclerosis is considered to be the primary underlying cause. The current treat-
ment of choice is endovascular approach which combines percutaneous transluminal angioplasty and 
stenting as its noninvasive nature yields faster recovery and less complications. 
Aim: The aim of this study was to examine the characteristics of subclavian atherosclerotic lesions 
in patients who underwent endovascular procedure and their relationship with known risk factors. 
Additional aim was to assess clinical and procedure characteristics of patients and compare them with 
similar experiences from other centers.
Patients and methods: We conducted a retrospective single center review of patients treated with en-
dovascular procedure for SA stenosis and/or occlusion. A total of 53 patients were detected. Three pa-
tients were excluded due to the arteritis origin of the stenosis, leaving 50 patients suitable for analysis. 
Participants’ characteristics were analyzed using descriptive statistics. Normal distribution was assessed 
using Shapiro-Wilk test. Categorical variables were analyzed using the Chi-square test. Univariate lo-
gistic regression was used to calculate unadjusted odds ratios of factors associated with level of stenosis.
Results: The mean age at the time of the first intervention was 62±8 years. All except 8 patients were 
symptomatic. The most common symptoms were paresthesia (32%), vertigo (30%), muscle fatigue 
(24%) and rest pain (22%). 58% of patients presented with Subclavian steal syndrome. The most 
common comorbidities and risk factors present in selected patients were hypertension 76%, smoking 
60%, hyperlipidemia 60% and coronary artery disease 22%.  A total of 50 lesions were treated with 
59 endovascular procedures, 9 reinterventions among them. Technical success was achieved in 85% 
of procedures. After univariate analysis 3 items were detected suitable for multivariate logistic regres-
sion. The multivariate regression model was statistically significant χ2 (4, N = 50) = 17.94, p <0.01, 
explaining 42.7% of variance (Nagelkerke R2 = .427). Female gender (p<0.05), hypertension (p<0.05) 
and smoking status (p<0.05) were independently associated with occlusion. Women had 7.7 times 
the odds of developing occlusion compared to males.  Moreover, patients with a history of hyperten-
sion were 5.1 times more likely to develop occlusion. Smoking was associated with 7.8 higher chances 
to develop occlusion. The results of multivariate analysis are of limited significance due to the small 
sample size.
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Conclusion: Comparing this review with other similar studies, most of the clinical and demographic 
indicators were inconspicuous. Technical success was achieved in 85% of the procedures in our center, 
whereas in other studies it was markedly higher, ranging from 93% to 98%. Female gender was identi-
fied as an additional independent risk factor, although the relevant literature indicates male gender as 
the risk factor. Although hyperlipidemia is a known risk factor for atherosclerotic stenosis, it did not 
reach statistical significance in univariate analysis. This research provided a much needed insight into 
the characteristics of patients and effectiveness of interventions undertaken in our center.

Keywords: subclavian stenosis, subclavian artery, occlusion, endovascular intervention, hyperten-
sion, gender, smoking, hyperlipidemia, stenting, angioplasty

Sažetak:
Endovaskularno liječenje stenoze potključne arterije – iskustvo jednog centra
Uvod: Stenoza potključne arterije je potencijalni uzrok ozbiljnog oboljenja koje može ugrožavati 
gornje ekstremitete, mozak i srce. Ona predstavlja relativno rijedak oblik periferne arterijske bolesti i 
obično je prisutna u bolesnika koji već imaju zahvaćene druge žile, najčešće na donjim ekstremitetima. 
Ateroskleroza se smatra glavnim uzrokom ove bolesti. Današnja metoda izbora u liječenju kombinira 
perkutanu transluminalnu angioplastiku sa stentiranjem koje zbog svojih neinvazivnih svojstava 
polučuju brži oporavak s manje komplikacija.
Cilj: Cilj ovog istraživanja je proučiti karakteristike aterosklerotskih lezija u pacijenata koji su imali 
endovaskularni zahvat te njihov odnos s poznatim čimbenicima rizika. Dodatni cilj bio je procijeniti 
karakteristike samih zahvata i usporediti ih sa sličnim istraživanjima iz drugih centara. 
Ispitanici i metode: Proveli smo retrospektivno unicentrično istraživanje pacijenata liječenih endo-
vaskularnim zahvatima zbog stenoze i/ili okluzije potključne arterije. Od 53 pacijenta troje je isključeno 
uslijed arteritisa, ostavivši ukupno 50 pacijenata pogodnih za daljnju analizu. Karakteristike pacijenata 
analizirane su pomoću deskriptivne statistike. Normalna distribucija procijenjena je koristeći Shapiro-
Wilk test. Kategorijske varijable analizirane su pomoću Hi-kvadrat testa. Univarijatna logistička regresija 
korištena je za računanje neprilagođenih omjera šansi faktora povezanih sa stupnjem stenoze.  
Rezultati: Srednja dob prilikom prve intervencije bila je 62±8 godina. Samo 8 pacijenata je bilo 
asimptomatsko. Najčešći simptomi bili su parestezije (32%), vrtoglavica (30%), mišićni umor (24%) 
i bol u mirovanju (22%). 58% patients imalo je Subclavian steal sindrom. Najčešći komorbiditeti i 
čimbenici rizika bili su hipertenzija 76%, pušenje 60%, hiperlipidemija 60% te koronarna arterijska 
bolest 22%.  Ukupno 50 lezija liječeno je u 59 endovaskularnih postupaka, među njima 9 reinterven-
cija. Tehnički uspjeh postignut je u 85% slučajeva. Nakon univarijatne analize 3 faktora su se pokazala 
pogodnima za multivarijatnu logističku regresiju. Multivarijatni regresijski model pokazao je statističku 
značajnost χ2 (4, N = 50) = 17.94, p <0.01, objašnjavajući 42.7% varijance (Nagelkerke R2 = .427). 
Ženski spol (p<0.05), hipertenzija (p<0.05) i pušački status (p<0.05) bili su neovisno povezani s 
okluzijom. Žene su imale 7.7 puta veće šanse za razvoj okluzije u usporedbi s muškarcima. Pacijenti s 
hipertenzijom u anamnezi imali su 5.1 puta veću vjerojatnost za razvoj okluzije. Pušenje je u 7.8 puta 
češće uzrokovalo okluziju subklavije. Rezultate multivarijatne analize imaju ograničenu vrijednost zbog 
malog broja ispitanika.
Zaključak: Uspoređujući ovaj pregled sa sličnim istraživanjima u drugim centrima većina demograf-
skih i kliničkih pokazatelja nisu pokazivali značajne razlike. Tehnički uspjeh u našem centru postignut 
je u 85% zahvata, dok je u drugim studijama iznosio između 93% i 98%. Ženski spol identificiran je 
kao nezavisni rizični čimbenik premda se u literature muški spol navodi kao rizičan. Iako se hiperlipi-
demija navodi kao poznati rizični čimbenik za razvoj ateroskleroze, nije pokazala statističku značajnost 
u univarijatnoj analizi. Ovo istraživanje omogućilo nam je dublji uvid u karakteristike pacijenata 
liječenih u našem centru te pokazalo na kojim poljima postoji mjesta za napredak. 

Ključne riječi: stenoza subklavije, potključna arterija, okluzija, endovaskularne intervencije, 
hipertenzija, spol, pušenje, hiperlipidemija, stentiranje, angioplastika 
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Introduction
Peripheral arterial disease (PAD) is a condition characterized 
by narrowing of the arteries which do not supply the brain and 
heart (peripheral arteries). Atherosclerosis is considered to be the 
primary underlying cause of PAD. Risk factors such as hyperten-
sion, hyperlipidemia, diabetes and tobacco abuse promote the 
formation of atherosclerotic lesions. Subclavian artery (SA) ste-
nosis is a relatively rare form of PAD, usually present in patients 
who already suffer from PAD on other vessels, most often lower 
extremity arteries. Other causes and conditions associated with 
SA stenosis include various forms of arteritis, thoracic outlet syn-
drome, fibromuscular dysplasia, and neurofibromatosis 1, 2. The 
prevalence of subclavian stenosis in general population is around 
2 %. The prevalence is markedly higher in patients with PAD, 
with estimates ranging from 11.5 % to 19%. In patients without 
PAD the prevalence of subclavian stenosis is 1.5%. It is 4.3% in 
patients with hypertension, 4.3% in patients with a history of 
smoking and 7.6% in patients with cerebrovascular disease 1, 2, 3, 4. 
This condition is usually asymptomatic due to the slow pro-
gression of atherosclerotic plaques and the abundant collateral 
circulation associated with the circle of Willis 5. The symptoms 
in symptomatic patients include claudication, muscle fatigue and 
rest pain. They appear sooner and are more prominent if other 
vessels are affected. In the case of a severe stenosis proximal to the 
vertebral artery (VA) the distal SA is supplied by blood flowing 
reverse from VA, a condition known as subclavia steal syndrome 
(SSS). It may be categorized as complete (with a reverse flow in 
VA during the entire cardiac cycle) or partial (with a reverse flow 
only during systole) 6. SSS may result in vertebrobasilar insuf-
ficiency, manifesting symptoms as vertigo, syncope, headache, 
diplopia, blurred vision, dysarthria, tinnitus etc. 5, 7, 8, 9. 
The diagnosis of SA stenosis is established by detecting different 
systolic blood pressure between the two arms (difference greater 
than 15 mmHg) and by duplex ultrasound which can estimate 
the grade of stenosis. The exact dimensions of stenosis are deter-
mined by computed tomography (CT) angiography and digital 
subtraction angiography (DSA). Further diagnostic procedures 
may include magnetic resonance imaging (MRI) with or without 
angiography 7, 10.
Treatment of SA stenosis is usually reserved for symptomatic pa-
tients and includes open surgery and endovascular approach with 
percutaneous transluminal angioplasty (PTA) and/or stenting. 
The current treatment of choice is endovascular approach which 
combines PTA and stenting as its noninvasive nature yields faster 
recovery and less complications 10. 
The aim of this study was to examine the characteristics of SA 
atherosclerotic lesions in patients who underwent endovascular 
procedure and their relationship with known risk factors. Ad-
ditional aim was to assess clinical and procedure characteristics of 
patients and compare them with similar experiences from other 
centers. 

Patients and methods
We conducted a retrospective single center review of patients 
treated with endovascular procedure for SA stenosis and/or oc-
clusion. All patients diagnosed and treated at the Department of 
Radiology of University Hospital Centre Zagreb, Croatia from 
January 2010 to December 2020 were included. A computer 
search using Radiologic Informatic System (RIS) database in our 
center was performed to identify the patients and obtain clinical 
and treatment details. Inclusion criteria included the patients 
who underwent endovascular procedures due to atherosclerotic 
stenosis and/or occlusion of SA. A total of 53 patients were de-
tected. Three patients were excluded due to the arteritis origin of 
the stenosis, leaving 50 patients suitable for analysis. 

Statistical analyses 
Participants’ characteristics were analyzed using descriptive sta-
tistics. Normal distribution was assessed using Shapiro-Wilk test. 
Categorical variables were analyzed using the Chi-square test. 
Univariate logistic regression was used to calculate unadjusted 
odds ratios of factors associated with level of stenosis. Factors 
with P < .10 on univariate analysis were included in multivari-
ate analyses. Factors with P < .05 on multivariate analysis were 
considered significant. All tests were 2-tailed. Data analysis was 
performed with SPSS Version 20.

Results
Among the 50 studied patients there was equal number of 
women and men. The mean age at the time of the first interven-
tion was 62±8 years. All except 8 patients were symptomatic. In 
asymptomatic patients endovascular procedure was undertaken 
prior to ipsilateral carotid endarterectomy. The most common 
symptoms were paresthesia (32%), vertigo (30%), muscle fatigue 
(24%) and rest pain (22%). 58% of patients presented with 
Subclavian steal syndrome. Only two patients developed critical 
limb ischemia. 
The most common comorbidities and risk factors present in 
selected patients were hypertension 76%, smoking 60%, hyper-
lipidemia 60% and coronary artery disease 22%.  (Table 1) Two 
patients suffered from renal insufficiency and two other from 
systemic lupus. Mean number of comorbidities per patient was 
4,4. 
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A total of 50 SA lesions were detected, 37 stenoses, of which 23 
subocclusive, and 13 occlusions. Of those, 39 were on the left 
and 11 on the right. Mean length of lesions was 21 ± 11 mm. 
Only 6 lesions were 3 to 5 cm long.  Most lesions were situated 
in the prevertebral segment of SA, only 4 were in distal segments. 
Mean grade of stenosis, without subocclusion, was 73% (IQ 60-
80%). With subocclusion and occlusion mean grade of stenosis 
was 92 ± 13%.
The management of patients included clinical examination cou-
pled with bilateral arm pressure measurement. 28 patients were 
further evaluated using CT angiography. DSA was performed in 
all the patients in the same act as intervention.  
The lesions were treated with 59 endovascular procedures, 9 
reinterventions among them. Six patients had an in-stent stenosis 
which warranted reintervention. One patient had 4 interventions 
from 2016 to 2018.  Right transfemoral approach was the most 
frequently used (62%), followed by left brachial approach (17%).
PTA with stenting (primary stenting) was performed in 43 pro-
cedures, using 39 balloon-expandable stents and 4 self-expanding 
ones. PTA alone was done in 12 patients and the procedure was 
halted after just DSA in 4 cases due to impassable calcifications. 
Six in- stent stenoses were detected and two stent-in-stent inter-
ventions were carried out.
Mean diameter of the stents was 7.7 ± 1.3 mm, and mean stent 
length was 26.85 ± 13 mm. 

Technical success was achieved in 85% of procedures. In 9 patients 
it was impossible to place the stent and/or perform PTA due to 
the calcified plaque which proved impassable for the guiding wire. 
No embolic complications were encountered and only 10 local 
complications were detected: 4 femoral hematomas, 4 brachial 
hematomas, 1 cubital hematoma and 1 SA dissection. 
The fact that the majority of patients from this study weren’t 
followed in our institution made it impossible to obtain data con-
cerning follow up and to estimate the mid and long- term patency.
For the purpose of the analysis of correlation of risk factors and 
severity of stenoses, North American Symptomatic Carotid 
Endarterectomy Trial (NASCET) method for calculating the 
grade of stenosis was used. Additionally, subocclusive stenoses 
were numerically categorized as 99% stenoses and occlusions as 
100% 2, 11, 12. In logistic regression model subocclusive stenosis 
and complete occlusions were analyzed as a single category of 
dependent variable.  
After univariate analysis 3 items were detected suitable for multi-
variate logistic regression (Table 2). 
The multivariate regression model (Table 3) was statistically 
significant χ2 (4, N = 50) = 17.94, p <0.01, explaining 42.7% 
of variance (Nagelkerke R2 = .427). Female gender (p<0.05), hy-
pertension (p<0.05) and smoking status (p<0.05) were indepen-
dently associated with occlusion. Women had 7.7 times the odds 
of developing occlusion compared to males.  Moreover, patients 
with history of hypertension were 5.1 times more likely to de-
velop occlusion. Smoking was associated with 7.8 higher chances 
to develop occlusion. The results of multivariate analysis should 
be interpreted with caution due to the small sample size.  

Univariate OR (95% CI)
Age 1,003 (0,929-1,082)
Female gender 6,769 (1,605-28,542)*
Smoking 5,000 (1,363-18,348)*
Hypertension 3,222 (0,830-12,509)*
Diabetes 0,569 (0,134-2,409)
Hyperlipidemia 0,432 (0,115-1,622) 

*p < 0.1 has been considered significant

Table 2. Univariate analysis

Table 3. Multivariable logistic regression, χ2 = 17.94, R square = 42.7%. 

Comorbidity or risk factor Number of patients %
Hypertension 38 76
Smoking 30 60
Hyperlipidemia 30 60
Coronary arterial disease 11 22
Endovascular procedure on any 
other vessel  

10 20

Diabetes 10 20
Internal carotid artery stenosis 8 16
Stroke 8 16
Neoplasm 8 16

Table 1. Comorbidities and risk factors in 50 patients who underwent endovascular 
treatment for SA stenosis and/or occlusion

Variables in the Equation
95% C.I.for EXP(B)

B S.E. Wald df Sig. Exp(B) Lower Upper
Step Female gender 2,040 ,825 6,119 1 ,013 7,692 1,528 38,734

Smoking 2,057 ,822 6,254 1 ,012 7,821 1,560 39,207
Hypertension 1,636 ,897 3,329 1 ,068 5,134 ,886 29,766
Constant -2,248 1,024 4,819 1 ,028 ,106
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Discussion and conclusion
Subclavian artery stenosis can lead to serious morbidity, endan-
gering the upper extremities, brain and the heart. Despite that, 
compared to other sites of atherosclerotic stenosis such as carotid 
or femoral arteries, the issue of SA seems somewhat neglected. 
The treatment for SA stenosis initially consisted of open surgery, 
developed in the 1950-s, carrying numerous complications with 
it. PTA followed in the 1970-s, but the issues of long term pa-
tency and restenosis remained a challenge. Since its introduction 
in the early 1990s endovascular procedure involving stenting 
proved to be an effective and popular treatment for SA stenosis, 
as well as for other sites. Its simplicity, effectiveness and shorter 
hospital stay coupled with fewer complications compared to 
open surgery make it appealing to physicians and patients alike 
10, 13, 14, 15. 
Comparing this review with other similar studies 14, 15, 16, most of 
the clinical and demographic indicators were inconspicuous. We 
observed a higher percentage of occlusions in our cohort (26%) 
compared to other studies (11% and 14%) 15, 16. However, we de-
tected a significant difference in the technical success rate. Techni-
cal success was achieved in 85% of the procedures in our center, 
whereas in other studies it was markedly higher, 93% in De Vries 
et al., 96% in Brountzos et al. and 98% in Patel et al. respectively. 
These differences may be due to the higher number of occlusions 
in our group of patients than in the compared studies.

Analysing comorbidities associated with the grade of stenosis 
only two well known risk factors were detected, hypertension 
and smoking 17, 18. Female gender was identified as additional 
independent risk factor although the relevant literature indicates 
male gender as the risk factor 19. This may be due to the small 
sample size used for this analysis.
Although hyperlipidemia is a known risk factor for atheroscle-
rotic stenosis, it did not reach statistical significance in univariate 
analysis. However, certain studies had so far observed protective 
effect of higher levels of high-density lipoprotein (HDL) against 
atherosclerotic stenosis 20. It is important to note that the results 
of multivariate analysis are presented regardless of the small 
sample size.
To conclude, it appears that our patients correspond well with 
other patient populations considering risk factors, age at the time 
of procedure and comorbidities. However, this research provided 
a much needed insight into the effectiveness of interventions 
undertaken in our center. It is further important to assess the 
possible reasons for this discrepancy and the possibilities of 
improvement.
Finally, it is important to note that SSS is often overlooked and 
left undertreated, and yet the endovascular treatment is a simple 
and effective method, which when applied successfully can 
greatly improve the patient’s quality of life.
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Abstract:
Introduction: This study aimed to review the prevalence of NMS in patients with Parkinson’s disease 
in Split-Dalmatia County and to investigate the effects of other variables on the number and structure 
of NMS.
Materials and Methods: This observational cross-sectional pilot study was conducted at the Depart-
ment of Neurology, University Hospital of Split. This study lasted from November 2017. to April 
2018. and it included 31 patients, hospitalized or treated in the infirmary at the Department of 
Neurology. By examining medical documentation we acquired necessary demographic and medical 
information about our subjects. Subjects were then examined and subjected to filling out Parkinson’s 
disease-specific questionnaires: NMSQuest, Hoehn&Yahr scale, UPDRS, and Schwab&England scale. 
To analyze given variables we used the Mann-Whitney U test, Kruskal-Wallis test, Spearman’s coeffi-
cient of correlation, and ꭓ2 test.
Results: On average 12 dwifferent NMS were reported per patient. Most prevalent NMS were re-
ported to be nocturia (67.74%), urinary urgency (61.29%), constipation (61.29%), intense dreams 
(58.06%), and forgetfulness (58.06%). The least prevalent NMS reported were delusions (6.45%), 
hallucinations (16.12%), and daytime sleepiness (25.80%). There were neither statistical differences 
in the total number of NMS nor in demographic variables between men and women. The increased 
burden of NMS correlated with the disease duration. Prevalence of depression, anxiety, and miscel-
laneous symptoms rose with the length of disease duration. We established a connection between the 
number of NMS and the stage of disease according to Hoehn and Yahr. Patients in higher stages of 
disease (moderate and severe) reported more severe NMS burden than patients in the mild stage of 
the disease, while patients in the moderate stage had the largest NMS score of all groups. Patients in 
the mild stage reported urinary, also digestive, and cognitive symptoms, in the moderate stage urinary 
symptoms, sexual dysfunction, and cardiovascular symptoms were most reported, while in the severe 
stage of the disease, patients reported cardiovascular symptoms, depression, and anxiety alongside 
urinary symptoms as most prevalent.
Conclusions: Patients are most affected by the autonomic spectrum of NMS, especially urinary symp-
toms. Duration of the disease and stage of the disease are proven to affect the total number of NMS, 
while age at onset, current age, and sex have been disproven to have any effect on the total NMS score. 
Patients in the moderate stage reported the most NMS.
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Sažetak:
Učestalost nemotoričkih simptoma u bolesnika s Parkinosnovom bolesti u Splitsko-dalmatinskoj 
županiji
Uvod: Cilj ove studije bio je istražiti učestalost NMS-a u bolesnika oboljelih od Parkinsonove bolesti u 
Splitsko-dalmatinskoj županiji te učinke ostalih varijabli na broj i strukturu NMS-a.
Materijali i metode: Ova opisno presječna pilot studija provedena je na Klinici za neurologiju, Kli-
ničkog bolničkog centra Split. U studiji koja je trajala od studenog 2017. do travnja 2018. sudjelovao 
je 31 bolesnik, hospitaliziran ili liječen u ambulanti na Klinici za neurologiju. Uvidom u medicinsku 
dokumentaciju prikupili smo potrebne demografske i medicinske podatke o našim ispitanicima. 
Ispitanici su zatim pregledani i podvrgnuti popunjavanju upitnika specifičnih za Parkinsonovu bolest: 
NMSQuest, skala Hoehn & Yahr, UPDRS i skala Schwab & England. U statističkoj obradi podataka 
koristili smo Mann-Whitney U test, Kruskal-Wallisov test, Spearmanov koeficijent korelacije i ꭓ2 test.
Rezultati: U prosjeku 12 različitih NMS-a je prijavljeno po ispitaniku. Najzastupljeniji pojedinačno 
prijavljeni NMS bili su nokturija (67,74%), urinarna inkontinencija (61,29%), konstipacija (61,29%), 
intenzivni snovi (58,06%) i zaboravljivost (58,06%). Najrjeđe prijavljeni NMS-i bili su deluzije 
(6,45%), halucinacije (16,12%) i dnevna pospanost (25,80%). Između muškaraca i žena nismo usta-
novili statistički značajne razlike u ukupnom broju NMS-a, niti u demografskim značajkama bolesti. 
Porast duljine trajanja bolesti korelirao je s porastom opterećenja NMS-a. Depresija, anksioznost i 
simptomi domene razno značajno rastu s porastom duljine trajanja bolesti. Ustanovili smo povezanost 
broja NMS-a sa stadijem bolesti po Hoehn i Yahru. Bolesnici u većim stadijima (srednji i teški) bolesti 
imali su više NMS-a, s tim da su bolesnici srednjeg stadija bolesti u našem istraživanju imali najviše 
NMS-a. Kroz sve stadije bolesti simptomi mokrenja najviše opterećuju bolesnike. U blagom stadiju 
bolesti ispitanike uz mokrenje opterećuju simptomi probave i kognicije, u srednjem stadiju problemi 
spolnog odnosa i kardiovaskularni problemi, a u teškom stadiju bolesti uz kardiovaskularne probleme, 
depresija i anksioznost.
Zaključci: Bolesnike najviše opterećuje autonomni spektar NMS-a, posebno simptomi mokraćnog su-
stava. Na ukupni broj NMS-a utječe duljina trajanja bolesti i stadij bolesti, a ne utječe dob postavljanja 
dijagnoze, trenutna dob i spol. Bolesnici srednjeg stadija bolesti prijavili su najviše NMS-a.

Ključne riječi: Parkinsonova bolest, Nemotorički simptomi, upitnik

Introduction
In 1817. James Parkinson recognized the importance of mo-
tor symptoms of then called „shaking palsy“ and identified key 
non-motor symptoms, such as autonomic dysfunction, disorders 
of sleep, cognitive and neuropsychiatric symptoms 1. Today, two 
hundred years later, the nonmotor symptoms (NMS) of PD are 
still often overlooked. A prospective study involving 101 patients 
found that neurologists do not discuss serious symptoms such 
as depression, anxiety, fatigue, and sleep disturbance with more 
than 50% of patients. These results may be due to the limited 
time spent with the patient, the misperception of the patient or 
caregiver that their symptoms are not related to the disease, or 
the lack of awareness of physicians who then direct the conver-
sation toward motor symptoms. In addition to neurologists, 
an international study conducted in 2010 found that 62% of 
patients did not report symptoms such as apathy, pain, sexual 

dysfunction, sleep disorders, and stool incontinence because they 
were uncomfortable or unaware that these symptoms were asso-
ciated with PD. It is for these reasons that questionnaires such as 
the Non-Motor Symptoms Questionnaire (NMSQuest) and the 
Non-Motor Symptoms Scale (NMSS) have recently been devel-
oped to help clinicians quantify the overall burden of nonmotor 
symptoms and their impact on the quality of life. NMSQuest is 
a questionnaire that contains thirty most common non-motor 
symptoms and the patient answers each of them with “yes” or 
“no”. It is designed to help patients flag certain symptoms that 
they find troublesome but often overlook when visiting their 
neurologist, and to assist the busy clinician in steering the exami-
nation and history taking in the right direction 2,3. 
Parkinson’s disease can be divided into the preclinical phase (sup-
ported by molecular and imaging markers), the premotor phase 
(with early non-motor symptoms), and the motor phase, which 
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is the “tip of the iceberg”. Also, some non-motor symptoms 
dominate in the early or premotor phase (hyposmia, constipa-
tion), others are present during the entire duration of the disease 
(fatigue, pain), and others occur especially in the advanced stage 
of the disease (dementia, apathy, autonomic dysfunction). As 
the average life expectancy and life expectancy of the population 
increase, non-motor symptoms become increasingly important. 
The impact of nonmotor symptoms on quality of life has been 
proven to be crucial in numerous studies and if left untreated 
causes a significant decline in quality of life, hospitalization, and 
institutionalization which increases the cost of therapy fourfold. 
Also, nonmotor symptoms are useful biological markers in the 
diagnosis of PB. A study conducted in Germany comparing un-
treated patients with PD and a control group showed that diag-
nostic agents such as NMSQuest and SCOPA-autonomic (scale 
of autonomic symptoms) combined with laboratory tests such as 
the odor identification test achieve sensitivity and specificity ( > 
0.9) adequate for a biological marker of PD development 2,3.

Materials and methods
This was an observational cross sectional pilot study. It was 
conducted at the Department of Neurology, University Hospital 
Center Split. This study was in accordance with Ethics com-
mittee of University Clinical Hospital Split and all participants 
provided written informed consent according to the Declara-
tion of Helsinki. We recruited 31 PD patients who were seen 
in Department of Neurology, University Clinical Hospital Split 
between December 2017. and April 2018. All participants met 
UK PD Society Brain Bank Clinical Diagnostic Criteria for PD. 
Exclusion criteria included patients with atypical and secondary 
PD, such as MSA.
Questioning of patients would start with the taking of routine 
demographic data (age, gender, etc.) and collecting information 
about their medical history. Afterwards patients would be exam-
ined by the movement disorder specialist and administered ques-
tionnaires which they had to fulfill. Questionnaires we used in 
our study were UPDRS, NMSQuest (Non – Motor Symptoms 
Questionnaire), Hoehn&Yahr scale, and Schwab&England scale. 
For this purpose NMSQuest was translated to Croatian with 
permission from holders of author rights International Parkinson 
and Movement Disorder Society (MDS). NMSQuest is envi-
sioned to be a self completed screening tool in which patients 
themselves or with the help from caregiver answer thirty ques-
tions representing NMS with „Yes“ or „No“ in case they have felt 
one of those symptoms in the last thirty days. Thirty individual 
NMS are then divided in nine different domains: seven NMS 
fall in „Digestion“ domain, two in „Urinary“, three „Cognition“, 
two “Hallucination/Delusion“, two „Depression/Anxiety“, two 
„Sexual function“, two „Cardiovascular“, five „Sleep disorder“, 
and five „Miscellaneous“ (unexplained pain, weight change, fall-
ing, sweating, diplopia). Prevalence of each NMS was calculated 

by adding the number of positive answers and transforming 
it to a percentage. To examine the number of NMS in differ-
ent groups and domains we quantified the number of positive 
answers for each patient, group, domain (men – women, patients 
younger/older than 70 years, etc.) transformed them to median 
or percentage and compared them to each other. 
UPDRS (Unified Parkinson’s disease rating scale) is a stand-
ard scale used to follow the progression of PD during clinical 
examinations. It contains in it non motor symptoms, motor 
symptoms, and treatment side effects. For quantifying results of 
UPDRS we used internet UPDRS calculator farmacologiaclinica.
info. Schwab&England scale is a standardized daily activities 
scale for PD patients. It is used to asses the percentage of daily 
activities in which PD patients participate, and the need for ad-
ditional support. It is measured in percentages with 100% mean-
ing total independence of patients, and 0% meaning patients 
are bed ridden, and his/her vegetative functions are failing. After 
complete neurologic assessment patients were divided in different 
stages of disease according to Hoehn&Yahr scale. With 1-2,5 
stages being mild, stage 3 being moderate, and stages 4 and 5 
being severe. All questionnaires except NMSQuest were previ-
ously translated to Croatian. Data analytics were done using a 
statistical software IBM SPSS Statistics version 20, 2011. ( New 
York, USA). We interpreted results with P<0,05 as significant, 
and in comparing different groups, and domains and associations 
between them used Mann – Whitney U test, Kruskal – Wallis 
test, Spearman coefficient of correlation, and ꭓ2 test. Spearman 
coefficient of correlation <0,3 presented insignificant correlation; 
from 0,3 to 0,59 presented slight correlation, >=0,6 presented 
significant correlation, and >=0,7 presented very significant cor-
relation of researched data.

Results
In our pilot study there were 31 patients with PD treated in 
University Hospital Center Split. Examination and fulfillment of 
questionnaires took place from November 2017. till April 2018. 
Of all patients 14 (45%) were women, and 17 (55%) were men. 
Median of age at which diagnosis was made was 59 years (Q1-
Q3:52-66;min.-max.:41-83). Median of the duration of disease 
was 8 years (Q1-Q3:5-15;min.-max.:1-24). Median of age dur-
ing examination was 70 years (Q1-Q3:64-75;min.-max.:46-85). 
As seen from Table 1. there was no significant statistical differ-
ence between men and women concerning these variables. 
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Table 1. Age when disease was diagnosed, duration of disease, age at examination in relation to gender

Median (Q1 – Q3; min – max)
Men

(n=17)

Women

(n=14)

P*

Age at diagnosis 56(53-65;41-83) 62,5 (52-66;46-72) 0,382

Duration of disease 8 (5-13;2-17) 8,5 (6,5-15;1-24) 0,369

Age at examination 65 (62-72;46-85) 71 (66-77;58-83) 0,136

*Mann – Whitney U test

From the total number of patients 17 (55%) were in mild stage 
of the disease (according to Hoeh&Yahr scale), 5 (16%) were 
in moderate stage, and 9 (29%) were in severe stage. Median of 
total NMS was 12 (Q1-Q3:8-16;min.-max.:1-26). In average 
patients reported 12 different NMS (12±6). All patients had at 
least one NMS, while one patient reported whooping 26 NMS 
from possible 30. Percentage of individual NMS according to 
data collected from NMSQ are shown in Table 2. 
We then divided patients in to groups according to the median of 
age at diagnosis (59), median of duration of disease 8, median of 
age at examination (70), and according to the stage of the disease. 
Results we got from data analysis of these groups is shown in 
Table 3. There was no statistically significant difference in results 
of NMSQuest between men and women (Z=0,875; P=0,381), 
between those patients that were diagnosed with PD before or af-
ter their 59th year (Z=0,139;P=0,890), and between those patient 
that were younger or older than 70 years (Z=0,951;P=0,342). 
We proved statistically significant difference in NMSQuest 
results between patients with the duration of disease less than 
8 years and those in which disease lasted longer than 8 years 
(Z=2,4;P=0,017). Patients with longer lasting disease had scored 
5 more NMS than patients who had shorter lasting disease. We 
found statistically significant association of NMSQuest results 
with the stage of disease (H&Y) (ꭓ2=11,8; P=0,003). Both 
patients in moderate (P=0,021) and severe stage (P=0,015) had 

significant difference in NMSQuest scores compared to patients 
in mild stage. Median of NMS for moderate stage patients was 
larger for 9 points in comparison to patients with mild stage. 
Median of NMS for severe stage patients was larger for 7 points 
compared to patients in mild stage. NMSQuest has nine domains 
and using Spearman coefficient of correlation we found statisti-
cal significant association between certain domains. Digestive 
symptoms domain has mild association with urinary symptoms 
domain (ρ=0,356; P=0,049) with cognitive symptoms domain 
(ρ=0,457; P=0,010), and with hallucination domain (ρ=0,412; 
P=0,021), and significant association with sleep disorders domain 
(ρ=0,638; P<0,001), and miscellaneous domain (ρ=0,621; 
P<0,001). Urinary domain has slight association with sleep disor-
ders domain (ρ=0,412; P=0,021). Cognitive symptoms domain 
has slight association with sexual function (ρ=0,383; P=0,034), 
hallucinations (ρ=0,466; P=0,008) and miscellaneous domain 
(ρ=0,363; P=0,045). Depression and anxiety has almost signifi-
cant association with miscellaneous (ρ=0,597; P<0,001). Sleep 
disorders has slight association with cardiovascular (ρ=0,517; 
P=0,003) and with miscellaneous domain (ρ=0,516; P=0,003).
Linear association of NMS with duration of disease in our 
patients was statistically significant for depression/anxiety 
(ρ=0,660) and miscellaneous domain (ρ=0,425). We found sta-
tistically significant association of NMS total score with duration 
of disease (Table 4.).
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Table 2. Percentage of individual NMS

NMS N=31 %

Dribbling 15 48,38
Loss of taste/smelling 14 45,16
Swallowing difficulties 13 41,93
Vomiting 9 29,03
Constipation 19 61,29
Bowel incontinence 9 29,03
Incomplete bowel emptying 15 48,38
Urgency 19 61,29
Nocturia 21 67,74
Unexplained pain 12 38,70
Weight change 9 29,03
Forgetfulness, memory 18 58,06
Loss of interest 13 41,93
Hallucinations 5 16,12
Problems concentrating 11 35,48
Depression 13 41,93
Anxiety 12 38,70
Sex drive 15 48,38
Sex difficulty 10 32,25
Vertigo 17 54,83
Falling 9 29,03
Daily sleepiness 8 25,80
Insomnia 10 32,25
Intense dreams 18 58,06
Acting out during dreams 15 48,38
Restless legs 15 48,38
Leg swelling 14 45,16
Sweating 9 29,03
Diplopia 12 38,70
Delusions 2 6,45



Original Article

RAD 547. Medical Sciences 54-55 (2021) : 38-48                       www.rad-med.com 43 June 2021   -   Vol 547 = 54-55

Table 3. Comparison of NMS between different patient groups

Median (Q1-Q3;min.-max.)
Total number of NMS

P

Variables
Gender Men

Women
11 (7-15,5;1-26)

12,5 (9,5-17;1-24)
0,381*

Age at diagnosis (years) <=59
(n=16)
>60
(n=15)

11,5 (7-17;1-24)

12(10-15;1-26)

0,890*

Age of duration (years) <=8
(n=16)
>8
(n=15)

10 (6,5-13,0;1-17)

15 (11-18;3-26)

0,017*

Age at examination (years) <=70
(n=16)
>70
(n=15)

11 (7-16;1-24)

12 (11-17;3-26)

0,342*

Stage of disease Mild
(n=17)
Moderate
(n=5)
Severe
(n=9)

8 (5-12;1-17)

17 (13-20;10-24)

15 (11,5-20;10-26)

0,003†

*Mann-Whitney U Test †Kruskall-Wallis Test
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Table 4. Spearman coefficient of correlation between duration of PD, NMS total score, and NMS domains

NMS Domain ρ (P)

Duration of PD with NMS

NMS Total score 0,475 (0,007)

NMS Digestion 0,223 (0,138)

NMS Urinary 0,272 (0,138)

NMS Cognition 0,336 (0,064)

NMS Depression/Anxiety 0,660 (0,009)

NMS Sexual function 0,182 (0,327)

NMS Cardiovascular 0,225 (0,166)

NMS Hallucinations -0,117 (0,524)

NMS Sleep disorders 0,303 (0,097)

NMS Miscellaneous 0,425 (0,017)

When comparing domains of NMSQuest with stages of disease 
according to H&Y we found that the patients in mild stage of 
disease are mostly bothered by the symptoms of urinary (47%), 
cognitive (37%), and digestive dysfunction (34%). Patients in 
moderate stage complained the most on urinary (90%), sexual 
function (70%), and cardiovascular symptoms (70%). Patients in 
severe stage were complaining on urinary (83%), cardiovascular 
(83%), and depression and anxiety (67%) (Table 5.).  
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Table 5. NMS points in domains compared amongst different stages of PD

                 NMS points
Max. Points made

(%)

Max. Points made (%) Max. Points made (%)

Domain Stage of disease

Mild (n=17) Moderate (n=5) Severe (n=9)
Digestion 0-7  119 40 (34%) 35 22 (63%) 63 32 (51%)

Urinary 0-2   34 16 (47%) 10  9 (90%) 18 15 (83%)

Cognitive 0-3   51 19 (37%) 15  8 (53%) 27 15 (56%)

Hallucination 0-2   34  3 (9%) 10  0 (0%) 18  4 (22%)

Dep./Anx. 0-2   34  7 (28%) 10  6 (60%) 18 12 (67%)

Sexual 0-2   34 10 (29%) 10  7 (70%) 18  8 (44%)

Cardiovascular 0-2   34  9 (26%) 10  7 (70%) 18 15 (83%)

Sleep 0-5   85 24 (28%) 25 16 (64%) 45 20 (44%)

Miscallaneous 0-5   85 20 (24%) 25  9 (36%) 45 22 (49%)

Legend: Max. is the maximum possible number of positive answers for each group ( for example in mild stage disease with 17 patients if all scored 7 in digestive domain, 
total score would be 119; for urinary domain which has 2 questions total score would be 34). Points made is the sum of points scored by the patients of each stage. Ab-
breviations: Dep.- depression, Anx.- anxiety.

We found statistically significant differences of domain results 
amongst stages of PD with digestive domain (χ2=6,9; P=0,032) 
(difference being made by patients in moderate stage com-
pared to mild (P=0,043), urinary (χ2=6,9; P=0,032) (moderate 
stage compared to mild (P=0,05), and sever compared to mild 
(P=0,05), depression and anxiety (χ2=7,2;P=0,027) (severe com-
pared to mild stage (P=0,037), cardiovascular domain (χ2=12,8; 
P=0,002) (severe compared to mild (P=0,002)), and sleep 
dysfunction domain (χ2=6,9; P=0,031) (moderate compared to 
mild (P=0,037)). (Table 5.).

We didn’t find statistically significant difference of domain results 
between stages for cognitive domain (χ2=2,3; P=0,314), hallu-
cinations (χ2=1,3; P=0,507), sexual function (χ2=3,4; P=0,179) 
and miscellaneous (χ2=4,9; P=0,084) (Table 5.). All used 
questionnaires had statistically significant high and very high 
correlation between them (P<0,001) (Table 6.) Total results of 
NMSQuest had significant correlation with total UPDRS score, 
and percentage of daily activities disability (Table 6.). 
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Table 6. Spearman coefficient correlation (ρ)(P) between questionnaires.

ρ (P)
 NMSQuest H&Y UPDRS 

Questionnaire results 

Hoehn&Yahr 0,650

 (<0,001)

UPDRS 0,810

(<0,001)

0,769 (<0,001)

Schwab&England -0,642 (<0,001) -0,844

(<0,001)

-0,854

(<0,001)

All questionnaires were significantly associated with the duration of PD: Hoehn&Yahr ρ=0,391 (P=0,029), UPDRS ρ=0,456 (P=0,010), Schwab&England ρ=-0,388 
(P=0,031).

Discussion 
NMS are a great burden of almost every PD patient. Never-
theless, they are still poorly recognized and treated. With that 
thought in mind, we ventured in making of this pilot study in 
which the main goals were to show the prevalence of different 
NMS, and the effects of different variables such as duration, 
and stage of disease on NMS. One of the reasons NMS are not 
getting the recognition they deserve is because patients often 
find it uncomfortable to talk about them, or they think of the 
symptoms as part of aging. In our study, we witnessed that some 
of our patients had difficulty scoring symptoms such as sexual 
function, hallucinations, etc. Our observation is confirmed by a 
study done by K.Ray Chaudhuri et al. 4 who established that in 
average 4 NMS per patient are not told off to the physician. In 
our study, all patients reported at least one NMS which is per 
other studies in which at least one NMS was prevalent in 97,6% 
5, 98,4%(6), and 99,3% 7 patients. On average 12 different 
NMS were reported per patient in our study which is close to an 
average of 10 NMS reported in previous studies 5,6. An average 
number of 12 NMS signifies a severe stage of disease accord-
ing to criteria for grading of NMSQuest results established in 
research done by K. Ray Chaudhuri et al 8. Individually most 
prevalent NMS were autonomic symptoms such as nocturia 
(67,74%), urgency (61,29%), constipation (61,29%), intense 
dreams (58,06%) and forgetfulness (58,06%). These results are 
mostly following a much larger study done by Pablo Martinez 
Martin et al. 6, in which most prevalent NMS were nocturia 

(61,90%), urgency (55,81%), constipation (52,48%), depression 
(50,10%), and forgetfulness (44,85%). A study done by Praween 
Lolekh et al. 9 also shows a great prevalence of urinary symptoms 
(nocturia 79,1% and urgency 73%). The least prevalent NMS in 
our study were delusions (6,45%), hallucinations (16,12%), and 
day time sleepiness (25,80%). Prevalence of delusions and hal-
lucinations is rare, and usually is present in patients in which the 
duration of the disease is longer, they are in advanced age, have a 
poor cognitive reserve, and use a larger dosage of dopaminergic 
drugs. Concerning hallucinations and delusions our results are 
following other studies 6,9, even thou some of the symptoms such 
as incontinence are even less prevalent.
We found that there was no statistically significant difference be-
tween the total number of NMS between men and women, and 
these results are mostly in accordance with previous studies 5,6,10,11 
which also report non-significant differences. Then again study 
done by Martinez Martin et al. 11 went into a deeper analysis of 
differences between male and female PD patients. They found 
that women are more likely to report tiredness, anxiety, depres-
sion, constipation, restless legs, and pain, while men are more 
likely to report day time sleepiness, dribbling, change in sex 
drive, and problems with sexual function. 
Our study shows that the age at which diagnosis is made and 
age during an examination of patients did not correlate with the 
total number of NMS. Contrary to that, the duration of disease 
showed a significant effect on the total number of NMS telling 
us that with the longer duration of the disease the burden of 
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NMS grows ever larger. Those findings are following previous 
research 5,6,10,12. In between specific domains we found that the 
number of symptoms of depression, anxiety, and miscellaneous 
significantly rises with the longer duration of disease. We explain 
that with a longer duration of disease a combination of disease 
pathophysiology and patient’s psychological mechanisms crum-
bling, due to losing hope in treatment possibilities, gives rise to 
more depression and anxiety being prevalent with such patients. 
Symptoms of miscellaneous domain rise with longer duration of 
disease as side effects of therapy mount up, and symptoms such 
as unexplained pain, and weight change can be caused by more 
often on-off periods causing rigor and gastroparesis in longer-
lasting disease. Also, these findings are following a larger multi-
center study done by M.A Hely et al. 13 in which they discovered 
that non-L-dopa symptoms such as depression, anxiety, falling, 
etc. dominate with longer duration of disease. A much larger 
study done by Paolo Barone et al. 14 showed conflicting results 
putting depression and other psychiatric symptoms in a group 
of those NMS which were unaffected with longer duration of 
disease. The difference could be explained by our smaller sample 
of patients, and differences in cultures of examined patients. We 
found that patients which had digestive symptoms more often 
complained on urinary (ρ=0,356; P=0,049), cognitive (ρ=0,457; 
P=0,010), sleeping (ρ=0,638; P<0,001), hallucination (ρ=0,412; 
P=0,021), and miscellaneous symptoms (ρ=0,621; P<0,001). 
Those patients that reported cognitive symptoms more often 
reported sexual dysfunction (ρ=0,383; P=0,034), hallucinations 
(ρ=0,466; P=0,008) and miscellaneous symptoms (ρ=0,363; 
P=0,045). These findings can be explained by the neuropatho-
logical progress of PD. Because digestive symptoms such as con-
stipation, dribbling, and incomplete bowel emptying represent 
symptoms which are present in Braak stages 1 thru 6 15, with 
pathology happening from the dorsal motor nerve of Vagus, and 
to gastroesophageal plexus to sympathetic and parasympathetic 
ganglia it poses no surprise that they are present with all other 
symptoms that encompass different Braak stages of neuropathol-
ogy, meaning that digestive symptoms are a common denomina-
tor in all stages of PD 16. Cognitive symptoms of PD represent 
the last stage of disease progression together with hallucinations, 
sexual dysfunction, unexplained pain, and falling. These symp-
toms represent Braak stages 4 to 6 of αSyn pathology 15,16. There 
have been numerous studies that proved both epidemiological 
and neuroimaging association between cognitive symptoms and 
hallucinations 17,18,19,20 A study done by Pablo Martinez Martin et 
al 6 found a correlation only among depression/anxiety domain 
with a urinary and cognitive domain.
NMS are present in all stages of the disease. Our findings of cor-
relation of the total number of NMS with disease stage according 
to Hoehn&Yahr are following numerous other studies 5-7,21-23. 
We found that patients of the moderate and severe stage had 
significantly higher NMS burden than patients in the mild stage 

of the disease. What is specific for our pilot study is that patients 
in a moderate stage of the disease reported the highest number of 
NMS. We try to explain it with the fact that patients in the mod-
erate stage still have their motor symptoms adequately compen-
sated and thus their focus is on NMS which are harder to control 
with pharmacotherapy. Compared to them the focus of patients 
in the severe stage of the disease is on more severe motor symp-
toms which come with disease progression, while simultaneously 
they ignore some of the NMS as not connected to PD. 
Other research shows a continuous rise in NMS number to-
gether with the stage of disease in which patients in the severe 
stage have the highest number of NMS 5-8,9. Once again our 
small sample may be a confounding factor, also the prevailing 
culture among examined patients gives primary focus on motor 
symptoms which prevents them from doing daily activities. 
According to Hoehn&Yahr stage patients in the mild stage were 
most troubled by urinary (47%), cognitive (37%), and diges-
tive symptoms (34%). Patients in the moderate stage were most 
troubled by urinary (90%), digestive (70%), and cardiovascular 
symptoms (70%), while patients in the severe stage were most 
troubled by urinary (83%), cardiovascular (83%) and depression 
and anxiety symptoms (67%). With the average age of patients 
being 70 years it comes with no surprise that patients in the 
mild stage of disease complain about cognitive symptoms. These 
results are following Braak et al. 15 hypothesis of disease patho-
physiology. We found that all questionnaires used had significant 
correlations among themselves and with the duration of disease. 
It means that with a longer duration of disease of examined 
patients they had higher UPDRS scores, they were in a higher 
stage of the disease, and their daily activities diminished. Those 
results are in accordance with previous studies 9,12 and show that 
NMSQuest is a reliable source of information not only concern-
ing NMS but also the progress and staging of disease. NMS-
Quest presented itself as a useful way of presenting symptoms 
that concern patients which would otherwise be missed. In a 
modern and all-encompassing approach to PD, it is important 
to direct more attention to NMS and to find an adequate way of 
ameliorating these symptoms. Limitations of our pilot study are 
its small number of participants and focus on only those patients 
treated at University Hospital Center Split. Nevertheless, this 
pilot study confirms the potential in examining NMS symptoms 
of PD on a much broader scale in Croatia.
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Abstract:
Georgius Baglivi (1668-1707), Italian scientist of Ragusan origin, who worked as second physician 
to Pope Innocent XII and professor of anatomy and theoretical medicine at the College of Sapienza 
in Rome, was one of the first promotors of the fibre medical theory. Strongly influenced by Santorio 
Santorio’s iatrophysics, Baglivi conceptualised and propagated a “third path” between humoral and 
solidist medicine which explained all physiological and pathological processes by the living properties 
of fibres. In addition to this, Baglivi advocated a (Neo)methodist theory which stated that life and 
health were determined by the physical balance of the active solids (fibres) and the more passive fluids 
of the body. Despite his distinguished institutional status and professional prestige, Baglivi’s medical 
theories, especially those concerning the function of the dura mater, were not unanimously accepted 
by his colleagues. Therefore, the interpretative focus of this article will be directed at Baglivi’s last work 
Canones de medicina solidorum ad rectum statices usum (Leiden, 1707) which is accompanied by three 
treatises in epistolary form dedicated to the Dutch botanist and professor of medicine, Peter Hout-
tuyn (1648-1709). By following theoretical and methodological insights of the rhetoric of science, this 
article aims at highlighting literary techniques, i. e. subtle discursive strategies which Baglivi used to 
shape and legitimise his own system of medical knowledge as well as to fashion his personal habitus as 
a Baroque erudite. In this manner Baglivi’s case will demonstrate how mechanisms and modalities of 
knowledge production and fashioning of scientific habitus were deeply interwoven with the processes 
of accumulation and distribution of science capital within the early modern res publica literaria.

Keywords: Georgius Baglivi, Canones de medicina solidorum, solidist medicine, fibrillar pathology 
and therapeutics, rhetoric of science

Sažetak:
Kako stvoriti medicinsko znanje: slučaj Georgiusa Baglivija (1668. - 1707.)
Đuro Baglivi (1668-1707), glasoviti znanstvenik dubrovačkog podrijetla koji je bio drugi osobni 
liječnik pape Inocenta XII te profesor anatomije i teorijske medicine na sveučilištu Sapienza u Rimu, 
smatra se jednim od začetnika fibrilarne medicinske teorije. Pod snažnim utjecajem ijatrofizike 
Santorija Santorija, Baglivi je konceptualizirao i propagirao “treći put” između humoralne i solidarne 
medicine koji sve fiziološke i patološke procese objašnjava specifičnim svojstvima vlakana. Osim 
toga, Baglivi je zagovarao (neo)metodističku teoriju koja je tvrdila da su život i zdravlje determinirani 
fizičkom ravnotežom između aktivnih čvrstih tvari (vlakana) i pasivnijih tjelesnih tekućina. No unatoč 
njegovom uglednom institucionalnom statusu i profesionalnom prestižu, Baglivijeve medicinske 
teorije, posebice ona o funkcijama dura mater, nisu bile jednodušno prihvaćene među njegovim kole-
gama liječnicima. Stoga je u interpretativnom fokusu ovoga rada posljednje Baglivijevo djelo, Canones 
de medicina solidorum ad rectum statices usum (Leiden, 1707), kojemu su pridodane tri rasprave u 
epistolarnoj formi posvećene nizozemskom botaničaru i profesoru medicine Peteru Houttuynu (1648-
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1709). S osloncem na teorijsko-metodološke uvide retorike znanosti, u radu će se nastojati osvijetliti 
literarne tehnologije, tj. suptilne diskurzivne strategije koje je Baglivi koristio kako bi oblikovao i 
legitimirao svoj sustav medicinskoga znanja te kreirao osobni habitus baroknog erudita. Na taj način 
će se na Baglivijevu slučaju pokazati kako su mehanizmi i modaliteti proizvodnje znanja i oblikovanja 
znanstvenoga habitusa bili čvrsto isprepleteni s procesima akumulacije i distribucije znanstvenoga 
kapitala unutar ranonovovjekovne res publica literaria.

Ključne riječi: Đuro Baglivi, Canones de medicina solidorum, solidarna medicina, fibrilarna pa-
tologija i terapeutika, retorika znanosti

Introduction
The career of Georgius Baglivi (1668-1707), Italian scientist 
of Ragusan origin, seemingly provides an exemplary case of a 
successful cursus honorum of an early modern erudite physi-
cian. Although he originated from an Armenian family of poor 
merchants, he received decent humanist education at the Jesuit 
College in Dubrovnik. After both of his parents died when he 
was fifteen, he was adopted by Pietro Angelo Baglivi, a physician 
from Lecce. This was a decisive factor for Baglivi’s future medical 
career: having successfully completed his medical studies in Na-
ples and Salerno, Baglivi worked in hospitals in Padua, Venice, 
Florence, Bologna and other Italian cities where he obtained 
practical medical knowledge. In 1691 he became an assistant to 
the famous Italian physician Marcello Malphigi (1628–1694) 
who was one of the founders of microscopic anatomy. Closely 
collaborating with Malphigi until his death, Baglivi acquired 
admirable skills at physiological experiments and postmor-
tem examinations. He dissected various animals such as lions, 
tortoises, snakes and deer and studied the function of the dura 
mater by experimenting on dogs. Moreover, owing to the fact 
that Malphigi worked as an archiater of Pope Innocent XII from 
1692 to 1694, Baglivi managed to create an influential circle of 
friends and patrons at the Papal court. It is, therefore, no wonder 
that a year after his patron’s death Baglivi became second physi-
cian to the Pope. In the following year he was elected Professor 
of anatomy and theoretical medicine at the College of Sapienza 
in Rome.1

In order to prove that he possessed necessary medical compe-
tence to obtain such a distinguished institutional position, Ba-
glivi published his first book entitled De praxi medica (The Medi-
cal Practice). This was at the same time a programmatic account 
of Baglivi’s own medical views, mostly founded on Hippocratic 
and Baconian principles, and a polemical invective against futile 
theoretical and philosophical approaches to the medical treat-
ment without clinical observation. In De praxi medica Baglivi 
advocates the use of mechanistic analogies as heuristic tools but 
only if they are consonant with experience. He also maintains 
the traditional distinction between solids and fluids, but without 
supporting the priority of solids over the fluids as he does in his 

later works.2 Before long Baglivi became a member of the Royal 
Society (1697), the Academia Naturae Curiosorum, the Arcadia 
(1699) and Accademia dei Fisiocritici (1700).
 At the very turn of the 18th century Baglivi published his most 
famous book De fibra motrice et morbosa (On Muscular and Sick 
Fibre). According to the historian of medicine Hisao Ishizuka 
who conducted a minute analysis of the epistemic structure of 
the 18th century fibrillar theory, this Baglivi’s work represents one 
of the heralds of the epistemic shift in medicine from humoral-
ism to solidism.3 De fibra motrice et morbosa can be described 
as an accurate outline of fibrillary physiology founded on two 
types of fibres: membranous and motor/muscular. They belong 
to two distinct but strictly interrelated subsystems directed by 
the dura mater and the heart. These fibres perform the principal 
tasks of the economy of the living organism and are subject to 
convulsions or relaxations.4 According to the medical historian 
Anna Toscano, Baglivi’s studies on the structure of muscles and 
membranes were a key reference of the 18th century physiology, 
in particular his theory of the pulsations of the dura mater which 
were recorded in De fibra motrice and mentioned in Philosophical 
Transactions of the Royal Society. Moreover, Hermann Boer-
haave’s and Albrecht Haller’s works drew directly on the morpho-
logical-structural approach elaborated by Georgius Baglivi.5

Canones de medicina solidorum and the early 
modern textual culture of medicine
Since his De fibra motrice and morbosa mostly concerned fibrillar 
physiology, Baglivi wrote a separate book, Canones de medicina 
solidorum ad rectum statices usum (Canons on Solid Medicine for 
the Proper Use of Equilibrium), that dealt exclusively with fibrillar 
pathology and therapeutics. This latter work – which was written 
not long before his premature death and which also represents 
the apex of his medical opus – may provide clear insight into the 
epistemological aspects of Baglivi’s medical theory in its most 
elaborate phase. Canones de medicina solidorum will, therefore, be 
analysed through the prism of the rhetoric of science whose main 
concern is to determine how the truth of scientific utterances 
is accepted and established as a fact in the scientific commu-
nity.6 The analysis of Baglivi’s argumentative strategies will thus 
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disclose the persuasive power of Baglivi’s writings in the early 
modern textual culture of medicine. 
The book Canones de medicina solidorum was published by a 
famous Dutch typographer Frederik Haaring in Leiden in 1707, 
the very year of its author’s death. It consists of 60 lapidary 
articulated rules (canones) which were originally published as 
commentaries to the Roman edition of Santorio Santorio’s De 
statica medicina from 1705.7 The Leiden edition of Canones was 
accompanied by three treatises in epistolary form dedicated to 
a Dutch botanist and professor of medicine Peter Houttuyn 
(1648-1709). The first epistle entitled De progressione Romani te-
rae motus a MDCCIII ad annum MDCCV (On the Progression of 
the Roman Earthquakes from 1703 to 1705) is a detailed account 
of a series of earthquakes which were shaking Rome and other 
Italian cities from 1703 to the early spring of 1705.8 Baglivi uses 
it as a pretext for demonstrating a correlation of this exceptional 
natural phenomenon with the changes in the quality of soil, air 
and human health. Moreover, by employing the genre of learned 
correspondence for representing physical, medical and cultural 
consequences of this natural catastrophe, Baglivi constructs a 
self-image of an erudite polymath, an accustomed strategy for 
the display of accumulated cultural capital among early modern 
physicians.9

The first part of the second epistle which bears the title De 
systemate et usu motus Solidorum in corpore animato (On System 
and Use of Solids in Animated Body) is a polemical treatise on the 
dura mater which Baglivi defines, in analogy to the physiologi-
cal function of the heart, as “a heart or diaphragm of the brain”. 
Moreover, he asserts that due to the spiral structure of the brain 
and of the dura mater, they possess an innate ability to pulsate in 
systolic motion. The rest of the second epistle is dedicated to the 
solids of the body whose preponderance over the fluids Baglivi 
demonstrates primarily by their pathology and therapeutics.10 
And finally, the third treatise De vegetatione lapidum et analogis-
mo circulationis maris ad circulationem sanguinis (On Vegetation of 
Stones and on Analogy between the Circulation of Sea and Circula-
tion of Blood) magisterially concludes the analogy of circulation 
of seawater in macrocosm to circulation of blood in a living 
body, emphasising its ability to generate even solid matters (i.e. 
vegetation of stones), thus drawing a parallel to the solid parts of 
human body.11 This not only illustrates Baglivi’s intellectual ver-
satility and his peculiar understanding of natural philosophy, but 
also points out the overall importance given to the blood motion 
within the theory of the fibre-based solidism.12

Although it may seem at first glance that the epistemic founda-
tion of Baglivi’s Canones de medicina solidorum was Santorio 
Santorio’s iatrophysics, he actually conceptualised and propa-
gated a “third path” between humoral and solidist medicine. 
Reinterpreting the Hippocratic concept of balance (eukrasia) in 
terms of an “equilibrium” of forces interacting between more ac-
tive solids and more passive fluids of the body, Baglivi envisages 

it not as the exact counterbalance of mechanics and hydraulics, 
but as a complex chemical-mechanical interaction between 
solids and solids, fluids and fluids, and solids and fluids, which 
can be detected only through constant clinical observations and 
experiments. Moreover, he explicitly claims that all pathologi-
cal processes in the human organism have their origin in the 
malfunction of the solids.13 
Baglivi’s canons on the solidist medicine are founded upon Ga-
len’s theory of six non-naturals (i.e. air; motion/exercise and rest; 
sleeping and waking; food and drink; excretion and passions/
emotions)14 combinated with Santorio’s theory of insensible 
perspiration. Accordingly, Baglivi argues that the free flow of 
the fluid parts and the adequate relaxation of the solid ones are 
key prerequisites for the excretion and cleansing of the harmful 
substances from the body. In his opinion, the crucial procedure 
for proper medical treatment of the chronic illness is to toughen 
overly relaxed fibres. On the other hand, during the therapy of 
the acute diseases the physician should be mainly concerned with 
overly crispated and desiccated fibres. A relatively high number 
of canons are dedicated to dental care which is emphasised as one 
of the crucial factors of good health and normal digestion. Fur-
thermore, special attention is given to the balance in the use of 
all six non-naturals and to the equilibrium of concoctions, which 
renders Baglivi’s canons the handbook of the “fibrillar” dietetics. 
Moreover, by underlying the health risks that may be induced 
by a too stressful way of life or overly intense emotions, Baglivi’s 
discourse announces a culture of sensibility which will dominate 
the 18th century medicine.15 
Despite Baglivi’s distinguished institutional status and profes-
sional prestige, his eclectic medical theories – especially those 
concerning the preponderance of solids over fluids and the 
oscillation of the dura mater – were not unanimously accepted 
by his colleagues. As a matter of fact, Baglivi claims that the dura 
mater is made of strong muscles which enable its systolic oscilla-
tion generated in theinner part of the brain. This is contested by 
his opponents who claim that the oscillation of the dura mater 
is not visible on the outer part of the brain. In order to refute 
their arguments, Baglivi employs polemical references which 
can be found in many places throughout his work.16 Therefore, 
a scrutiny of the subtle discursive strategies which Baglivi used 
to shape and legitimise his own system of medical knowledge as 
well as to fashion his personal habitus of a Baroque erudite, may 
prove useful. 
Following the common legitimising practice of early modern 
scientific works, Baglivi’s Canones begin with the laudatory dedica-
tion to Giovan Francesco Morosini (1658-1739) who was at the 
time the Venetian ambassador at the Papal court and would soon 
become a reformer of the studies at the University of Padua.17 The 
other foundation on which Baglivi built his scientific authority was 
certainly the scientific prestige of his learned correspondent Peter 
Houttuyn. Hottuyn, a famous botanist, professor of medicine 
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at Leiden University and a predecessor to Herman Boerhaave 
(1668-1738), may as well have been Baglivi’s link with F. Haar-
ing, the printer of the Leiden edition of his book. Having in mind 
the enviable amount of symbolic capital invested into these two 
eminent contemporary intellectuals, Baglivi’s references to them as 
his friends and protectors reveal his attempts to improve his own 
position in the contemporary scientific field.
Another discursive strategy that may add considerable symbolic 
value to Baglivi’s medical theories are the rhetorical forms with 
which he chose to express his attitudes and scientific views: 
there are 51 numerically listed “canons” or general rules that he 
may have deliberately chosen to resonate the title of Avicenna’s 
eponymous book.18 They conclude with an “epilogue” consisting 
of nine “medical laws” that explicitly associate Baglivi’s medi-
cal views with the teachings of Hippocrates, Santorio Santorio, 
William Harvey and Louis Duret. In addition to the canons of 
solidist medicine, the Leiden edition consists of three “disserta-
tions of various arguments” addressed to Peter Houttuyn. De-
spite the fact that the genres of both “canons” and “dissertations” 
are merely used for expressing universal claims and inferential 
reasoning, Baglivi supplemented them with polemical and even 
invective personal comments addressed to various sorts of “adver-
saries” (adversarii), which discloses significant divergences of his 
scientific thought from the scientific community of the day. 
According to Baglivi’s explicitly contentious claims, there are 
three different sources of menace that belittle his medical knowl-
edge, authority and reasoning: profane and ignorant common 
people (profanum et insanum vulgus), arrogant and incompetent 
physicians (vulgus Medicorum et scioli medentes) and alchemists 
(Chymistae). The objections (nugae) of the first group of his 
adversaries – those who “cannot judge about things and secrets of 
that art of which they are ignorant” – Baglivi invalidates without 
a hitch. He resorts to the “scourge of illness” (flagellum morbi) 
that is the best proof of their medical ignorance and sign of false 
treatments.19 However, Baglivi recurrently complains against the 
lack of respect and remunerations that ignorant people display 
toward learned physicians and he finally expresses his deep in-
dignation through famous Horace’s verse: odi profanum vulgus et 
arceo (I hate the common masses and avoid them).20

Nevertheless, the confrontation with the next two groups of ad-
versaries requires a more sophisticated and efficient discursive ar-
mour which Baglivi uses with great assertiveness. In order to pro-
vide an indisputable source of his medical knowledge and show 
his superiority over these, Baglivi often self-consciously resorts 
to the popular metaphor of the oracle or the Book of Nature as a 
source of revelation of natural knowledge and philosophy, as well 
as to his own scientific experiments, observations and success-
ful quotidian medical practice.21 In addition to this, Baglivi also 
uses traditional sources of scientific legitimations in the early 
modern period. These are the references to the works of “divine“ 
Hippocrates, whose Books on Prognostics and Epidemics he quotes 

extensively, and of Caelius Aurelianus from Sicca (5th c. AD), 
the leader of the Methodist school of medicine that preferred 
therapeutics over theoretical medicine and developed a method 
of medical treatment based on constrictions and relaxations.22 As 
regards contemporary scientific authorities, Baglivi mostly resorts 
to Santorio Santorio’s De statica medicina and William Harvey’s 
theory of blood circulation which he proclaims to be the “two 
poles that govern true medicine”.23 In the end, Baglivi verifies his 
own theory of the preponderance of solids over fluids with the 
theory of the force of percussion by Giovanni Alphonso Borelli 
(1608-1679), a teacher of his patron Marcello Malphigi.24 As a 
matter of fact, Baglivi argues that fibres are moved in different 
directions due to the force induced by other fibres or external 
objects. This results in the variations of flow of fluid parts and 
their interaction with solid parts according to various mechani-
cal principles. As regards the bodily fluids, Baglivi constantly 
points to the importance of their chemical and physical qualities 
(i.e. acidity, salinity, heat, greasiness, etc.) which cause tensions 
or relaxations of fibres through the whole organism.25 Conse-
quently, Baglivi often refers to “acrimonia”. As the main cause 
of deterioration of bodily fluids, acrimonia represents a link be-
tween Baglivi’s medical theory and Paracelsian and iatrochemical 
traditions.26 By legitimising his medical theories through chemi-
cal and mechanical laws, Baglivi thus demonstrates not only his 
erudition but also heralds the intimate alliance of the early 18th 
century medicine and natural sciences. 
Alongside canonical textual sources, the most solid cornerstones 
of Baglivi’s scientific competence are his naturalistic observations 
and vivisections of animals. For example, as proof of the innate 
fibrillar capacity Baglivi refers to the letters by Charles-Thomas 
Maillard de Tournon (1668 – 1710), Papal legate in China, 
who claimed that a dead and decapitated shark, with its innards 
removed, is able to forcibly convulse for a long period of time.27 
Moreover, Baglivi mentions his own observations of “English 
Samson”, a physically robust 28-year-old young Englishman 
named Richard Goy, who displayed his supernatural strength in 
the public places of Rome in 1704. Baglivi attributes his extraor-
dinary muscular vigour to the innate tenseness and elasticity of 
his fibres which become even more powerful due to continuous 
wrestling and static strength trainings.28

However, in order to justify the main proposition, namely that 
his own authority and knowledge stem primarily from medical 
practice, Baglivi presents numerous case reports and describes 
minutely his own methods of treatment of chickenpox, visceral 
fevers, colics, hydrops, renal and ureteral calculi as well as liver 
tumours. According to his premise that the causes of the most 
widespread health disorders are tense and crispated solids, Baglivi 
usually prescribes warm baths, bloodletting, deer horn jelly and 
similar demulcent remedies. Moreover, he never misses an op-
portunity to criticise false and pernicious methods of medical 
treatments performed by his opponent vulgus Medicorum.29
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 Nevertheless, the pinnacle of Baglivi’s medical expertise and 
the clearest sign of his professional authority and social prestige 
are the autopsies performed on the corpses of his friends, highly 
ranked Roman Church dignitaries: cardinal Celestino Sfondrati 
(1644 – 1696) who died of a large intestine tumour in 1696,30 
and cardinal Enrico Noris (1631 – 1704) who suffered from “dry 
hydrops” and passed away in 1704.31 Both case reports of their 
illness and postmortem examinations are thoroughly described in 
the first letter addressed to Peter Houttuyn. They provide a good 
insight into modalities of Baglivi’s self-fashioning not only as a 
highly competent professor of medicine and well-trained physi-
cian who obtained a leading role in Roman medical hierarchy, 
but also as an erudite with a wide range of cultural interests.
In order to show his profound awareness of contemporary 
cultural events in Rome, in his first treatise to Peter Hout-
tuyn Baglivi reports on the discovery of the column of Roman 
Emperor Antoninus Pius (138-161 AD) in the area of Mon-
tecitorio in 1703. Having undertaken the epigraphical analysis 
of the inscription found on the stylobate of this column, Baglivi 
corrects the attribution of the famous spiral column situated in 
Piazza Colona from Antoninus Pius to Marcus Aurelius;32 he 
reports on the discovery of the gravestone of the Passiena family 
decorated with “the most elegant inscription”.33 In addition to 
this, he reproduces a sketch of the rare Roman coin dedicated to 
Marcus Antonius and Cleopatra which he kept in his personal 
museum.34 In this manner Baglivi enriches the respectability of 
his scientific habitus with antiquarian interests and competences 
which were indispensable qualities of each Baroque polymath. 
As well as displaying accumulated symbolic and cultural capital, 
in the first letter to Peter Houttuyn Baglivi also aims at showing 
his social network and prestige. Therefore, he recurrently refers 
to his villula litteraria where he used to gather with a circle of 
learned friends (the so-called circolo di Tambura established in 
1704 by Domenico Passionei)35 to discuss various antiquarian, 
artistic and literary topics.36 In order to emphasise their excep-
tional intellectual status, he lists all of his friends by name and 
provides short descriptions of their most important scientific 
works. These include, among others, famous Italian historian 
Giusto Fontanini (1666 –1736), archaeologist and antiquarian 
Biago Garofalo (1677 –1762), bibliophile Domenico Passionei 
(1682 – 1761) and the prefect of the Vatican Library Giovanni 
Vignoli (1667–1733).37 Such strategies of self-fashioning can 
be interpreted as symbolic markers of Baglivi’s learned habitus 
which clearly illustrates the turning point of his medical self-
image from a learned natural philosopher to an empirical natural 
scientist. According to German historian Michael Stolberg, this 
is one of the most obvious consequences of the “scientific revolu-
tion” in the medical field.38 

CONCLUSION
Such process of epistemological transition of medicine from 
natural philosophy to empirical science - which was neither easy 
nor straightforward in any respect - discloses the early modern 
scientific field as a symbolic battleground. It constantly gener-
ated challenges which aggravated the efforts of its participants to 
accumulate a necessary amount of various types of capital that 
would enable them to obtain, improve and legitimise their posi-
tions in the field. With that in mind, Baglivi›s attempt to inaugu-
rate “solidist medicine” clearly demonstrates how demanding and 
troublesome a task it was, even for the most eminent intellectu-
als, to ensure a sufficient accumulation and distribution of their 
“science capital” within the early modern res publica literaria. 

This work was fully supported by a project of the Croatian Sci-
ence Foundation (project number: IP-2016-06-6762).
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Abstract:
Meralgia paresthetica (MP) is a neuropathy that involves pain and sensory symptoms in the distribu-
tion of the lateral femoral cutaneous nerve and is mostly caused by entrapment of the lateral femoral 
cutaneous nerve. The etiology of MP includes pregnancy, trauma, tumors, surgical complications and 
other conditions with increased intraabdominal pressure. The diagnosis of MP is usually based primar-
ily upon clinical signs and symptoms, but other diagnostic tools can be used in patients with atypical 
clinical presentations. Treatment focuses on relieving symptoms caused by nerve compression and usu-
ally involves conservative approach. Surgical treatment may be considered it conservative methods fail.

Keywords: Meralgia paresthetica; lateral femoral cutaneous nerve entrapment; etiology; diagnosis; 
treatment; hip pain 

Sažetak:
Meralgia paresthetica – kanalikularni sindrom nervus cutaneus femoris lateralis
Meralgia paresthetica je neuropatija koja nastaje kompresijom ili traumom lateralnog femoralnog 
kožnog živca. Simptomi karakteristični za ovo stanje su isključivo osjetni i u većini slučajeva unilater-
alni. MP uzrokuje žareću bol u vanjskom dijelu bedra, uz paresteziju i disesteziju. Etiološki čimbenici 
povezani sa nastankom MP jesu stanja koja uzrokuju povećanje intraabdominalnog tlaka poput 
trudnoće i pretilosti, tumora, trauma i komplikacije kirurških zahvata. Dijagnoza se u većini slučajeva 
postavlja na temelju detaljne anamneze i karakteristične kliničke slike, no u nejasnim slučajevima 
potrebne su i druge dijagnostičke metode. Liječenje se temelji na uklanjanju predisponirajućih 
čimbenika i konzervativnim mjerama. U rezistentnim slučajevima koji ne odgovaraj na konzervativnu 
terapiju potrebno je kirurško liječenje. 

Ključne riječi: Meralgia paresthetica; lateralni femoralni kožni živac; pritisak ili istezanje živca; 
etiologija; dijagnoza; liječenje;

Meralgia Paresthetica - Lateral Femoral 
Cutaneous Nerve Entrapment

Dora Madiraca Glasović1, Nika Šlaus2, Mirna Šitum1, Marko Pećina2

1 Department of Dermatology and Venereology, Sestre milosrdnice University Hospital Center, Zagreb, Croatia
2 School of Medicine University of Zagreb, Zagreb, Croatia

OPEN ACCESS

Correspondence: 
Dora Madiraca Glasović

dora.madiraca85@gmail.com 

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: 15 May 2021
Accepted: 24 May 2021

Published: 15 June 2021

Citation:
Madiraca Glasović D, Šlaus N, Šitum 

M, Pećina M. Meralgia paresthetica 
- lateral femoral cutaneous nerve 

entrapment
RAD CASA - Medical Sciences. 

547=54-55 (2021): 56-63
DOI: https://dx.doi.org/10.21857/

mzvkptq6v9

Copyright (C) 2021 Madiraca Glasović 
D, Šlaus N, Šitum M, Pećina M. This 
is an open-access article distributed 

under the terms of the Creative Com-
mons Attribution License (CC BY). The 

use, distribution or reproduction in 
other forums is permitted, provided 
the original author(s) and the copy-

right owners(s) are credited and that 
the original publication in this journal 
is cited, in accordance whit accepted 

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



Review Article

RAD 547. Medical Sciences 54-55 (2021) : 56-63                       www.rad-med.com 57 June 2021   -   Vol 547 = 54-55

Introduction 
Meralgia paraesthetica (MP) is a neuropathy due to compres-
sion or entrapment or stretching of the lateral femoral cutaneous 
nerve (LFCN). The characteristic symptoms consist of paresthe-
sia, burning pain, and dysesthesia in the anterolateral side of the 
thigh. in the LFCN distribution area. Also in patients with MP 
there is a reduction or loss of sensation to touch, pain and heat, 
and very rarely hyperesthesia. The symptoms are more common 
in males than in females, are similar on the right and left thigh, 
and are rarely bilateral. 
The incidence rate of MP is 4.3 per 10,000 person a year and 
it usually affects people ages 30 to 40 years. MP is more often 
present in patients suffering from carpal tunnel syndrome and is 
related to pregnancy 1. Even though meralgia paraesthetica (MP) 
is benign, it is a highly unpleasant sense in the lateral side of the 
thigh. It is also differentially important when considering patho-
logical conditions in the inguinal region, the region of the greater 
trochanter, the hip and the lower part of the abdomen and spine.
Meralgia paresthetica was first described by Bernhardt in 1895. 
2 and in the same year Roth 3,4 applied the name of this entity 
known also as Bernhardt’s syndrome and Roth’s meralgy, but He-
ger 1885. first reported its symptoms 5. Another interesting fact 
is that in the year 1895. Sigmund Freud described patients with 
the symptoms of meralgia parestetica some of whom exhibited 
bilateral symptomatology 6. Freud, himself had symptoms of 
Meralgia paraesthetica (MP). Freud did not associate these symp-
toms of MP in described patients with sexual pathology.
 The term meralgia paresthetica is derived from the Greek words 
“meros” and „algos“meaning meros -thigh, and “algos”-pain. Mu-
menthaler and Schliack 7 described the same entity as „syndrome 
of the inguinal ligament“.

Etiology 
The etiology of the meralgia paresthetica can be discussed under 
two headings: predisposing lesions and precipitating causes. Pre-
disposing lesions refer to the fact that the nerve is vulnerable to 
compression or stretching because of its anatomo-topographical 
position from its origin under the psoas muscle until it exits from 
the pelvis under or through the inguinal ligament and the fascia 
lata. The lateral femoral cutaneous nerve (LFCN), a solely sensory 
nerve, originates from the L2 and L3 nerve posterior roots (Figure 
1.), passes under the psoas muscle, and emerges laterally to cross 
the ilium buried in a fibrous tunnel formed by a doubling in the 
fascia of the iliacus muscle. In this fibrous tunnel the nerve can 
be compressed like the others peripheral nerves in the osteofi-
brous or myofibrous or only fibrous tunnel of the human body 
described by Pećina M. et al. 8 as „Peripheral nerve compression 
syndromes or tunnels syndromes“. The lateral femoral cutaneous 
nerve courses toward the medial aspect of the anterior superior 
iliac spine and bends below or through the inguinal ligament at 
an angle of 70 to 90 degrees. This sharp turn of the nerve can also 
cause symptoms of meralgia paresthetica. Just before reaching the 
anterior superior iliac spine the nerve emerges to lie superficial 
to the iliac fascia. The nerve passes into the thigh just medial to 

 

Figure 1. The lateral cutaneous femoral nerve originates from the L2 and L3 nerve 
posterior roots

 

Figure 2. The lateral femoral cutaneous nerve (1) passes into the thigh just medial to 
the anterior superior iliac spine (ref.8).
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Table 1. Proposed precipitating causes in etiologies of Meralgia Paresthetica

ETIOLOGY AUTHOR(S)

Direct injury, stretching, or scar formation Peterson; 195213; Kopell and Thompson 
196312; Komar 197714; Mandić,198215; Pećina et  al., 20018

Pregnancy Peterson, 195213; Rhodes, 195716; Pearson,195717; Gooding, 202018

Anatomic variation and anomalies                   Ghent, 196111; Kokubo et al., 201819

Retroperitoneal hematoma or tumor or metastasis Flowers, 196820; Tharion and Bhattacharji, 199721

Abdominal aortic aneurysm Carayon and Gruet, 196922

Seat belt trauma Beresford, 197123; Mandic, 198215

Sports – gymnasts, baseball pitcher MacGrego and Moncur 197724; Otoshi et al. 200825.

Iliopsoas muscle abscess Komar, 197714

Abdominal/inguinal surgery Moscona and Hirshowitz, 198026;
Yamout et al., 199427; Polidori et al., 200328

Iliac graft harvest Massey, 198029; Mandić 198215; Nahabedian and Dellon 199530

Tight girdle/clothinging Bora and Ostermann, 198231

Obesity Mandic, 198215; Parisi et al., 201133

Weight loss Baldini et al., 198234

Laparascopic inguinal hernia repair Broin et al., 199535

Limb lenght discrepancy Goel, 199936

Hemangiomatosis in the pelvic region Yamamoto et al., 200137

Gynecologic and obstetric surgery Peters et al., 200638

Hip-huggers Park et al., 200739

Body armor wear Fargo and Konitzer; 200740

Lipoma Rau et al., 201041

Shoulder surgery in the beach chair position Satin et al., 201442

Entrapment at the fascia lata Omichi et al., 201543

Compression by “smart” devices Karwa et al., 201644

Femoral cannulation (catetherization)  Oh SI et al., 201745

Laparoscopic ventral rectopexy Jones et al., 201746

Anterior total hip arthroplasty Patton et al., 201847

Hematoma after sartorius muscle tear Lee and Stubbs, 201848

Pelvic osteohondroma Magalhães et al., 201949

Inguinal lymphadenopathy and lymphadenomegaly Gencer Atalay et al., 202050; Palmar et al., 202051

Lipomatosis Ganhao et al., 202052

Prone position in spinal surgery Ercan et al., 202053

Schwannoma of the LFCN Markis and Markis, 202054

Prone positioning to treat covid-19 Bellinghausen et al., 202055; Marinelli et al., 202056
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the anterior superior iliac spine but posterior to the lateral end of 
the inguinal ligament and anterior to the iliacus muscle. Accord-
ing to Stevens 9 and Genth 10,11 it is possible that the nerve passes 
through the splint inguinal ligament and this is also one of the 
possible etiological factor in the origin of meralgia paresthetica. 
Normally the nerve can be found approximately 1.5 to 2 cm 
distal to the inguinal ligament in a groove between the sartorius 
and iliacus muscles and sometimes exists the anatomical variation 
that the nerve passes through the sartorius muscle 11 what is also 
one of the possible causes of the origin of meralgia paresthetica. 
There is anatomical variation when the nerve courses laterally and 
behind the anterior superior iliac spine (Gent) and is exposed to 
damage more than in normal anatomical position 11. Approxi-
mately 10 cm distal to the inguinal ligament, the nerve pierces 
the fascia lata and divides into its thick anterior and thin posterior 
branches (Figure 2). This point, where the nerve pierces the fascia 
lata, is also the location of possible compression or stretching of 
the nerve with consecutive origin of clinical symptoms charac-
teristic for meralgia paresthetica. The anterior branch of LFCN 
pierces the fascia lata to innervate the skin of the lateral thigh to a 
point just proximal to the knee. The distribution of the innerva-
tion of this anterior branch of the lateral femoral cutaneous nerve 
is the region of clinical signs of paresthesia such as burning, etc. 
The posterior branch of LFCN runs deep under the tensor fascia 
lata muscle to innervate the skin in the region of the trochanter 
maior and gluteal region.
According to Kopel and Thompson 12 the symptoms of meralgia 
paresthetica can exist without the known precipitating causes, 
this can occur solely because of acute or chronic stretching of the 
nerve. The lateral femoral cutaneous nerve is attached at both 
its origin and at the fascial tunnels. The nerve can be stretched 
because of leg length changes, scoliosis, trunk or leg hyperexten-
sion. Increased tension of the abdominal musculature and fascia 
lata due to long period of standing can cause also stretching of 
the nerve and provoke the symptoms of meralgia paresthetica.
Precipitating causes in the etiology of meralgia paresthetica refer 
to the fact that the nerve can be damaged by the multiple etiolo-
gies including trauma, tumors, surgical complications, etc., as 
described by many authors and shown in Table 1.
 
Clinical presentation
Patients with MP typically present with pain in the distribution 
of the lateral femoral cutaneous nerve 57.(Figure 3). This pain 
may be characterized as burning, stinging, coldness, or lightning 
pains, which may progress to hypo- or anesthesia and skin area 
can be hair loss (Figure 4). Pain is often subacute 58. Dysesthesia 
can be aggravated by even the touch of clothing, or leg extension 
during rest and sleeping 57. 
Patients often avoid placing objects over the affected thigh. Clas-
sically, these symptoms are produced in the erect or the supine 
position and are relieved by flexing the thigh 59. Clinical exami-
nation shows a positive inversed Lasegue’s sign that is performed 

by flexing the knee and extending the hip with the patient in 
lateral position (similar to Menell’s procedure). Local pressure 
over the inguinal ligament especially close to the anterior supe-
rior iliac spine may produce pain or local irritation in the nerve 
distribution 60. Sensory changes are usually unilateral and there 
are no symptoms of motor neuropathy 61. Many patients present 
with severe and bizarre types of pain over the lateral aspect of the 
thigh which may be so severe that the victims are incapacitated. 
The patient may walk with a limp that closely mimics that of 
actual hip joint disease 62.

Figure 3. The lateral skin of the thigh typically de-
velops paresthesia, burning pain, and disturbances 
in sensation (ref. 8) 

Figure 4. Area of hair loss on the tigh of 35-year-old patient with Meralgia Paresthetica
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Diagnosis
The diagnosis of MP is usually based primarily upon reported 
clinical signs and symptoms and specific area affected 63. Electro-
diagnostic testing can be used in patients with atypical clinical 
presentations. Electromyographic studies show nerve compres-
sion on affected side using patients’ unaffected leg as control 
64.Lo and Pavanni demonstrated on 12 cases the usefulness of 
antidromic sensory nerve conduction in the diagnosis and prog-
nostic aspects of meralgia paresthetica. 65 Seror compared sensory 
nerve conduction with somatosensory evoked potential and 
demonstrated that the sensory nerve conduction is the more reli-
able method for electrodiagnosis of MP. In daily clinical practice, 
electrodiagnostic studies are not commonly preformed due to 
their variable results 66. In the recent literature, ultrasound imag-
ing has been proposed as useful modality as it confirms nerve 
entrapment with sonografic findings of swollen and hypoechoic 
lateral femoral cutaneous nerve 67.Magnetic resonance imaging 
(MRI) or computed tomography (CT) are useful in the diagnosis 
of eventual causes of the syndrome because of the compression of 
the nerve in the abdomen and pelvis 68, 69.
The differential diagnosis includes femoral neuropathy, lumbosa-
cral plexus pathology, extra-spinal radiculopathies L2 and L3 
nerve roots, pelvic tumors or metastasis that compress the nerve, 
chronic appendicitis 70.

Treatment
The type of treatment in the patient with meralgia paresthetica can 
be decided almost on the patient’s history alone and it can be con-
servative or operative. More than 85% percent of patients respond 
to conservative treatment, but recurrence is common 71. Conserva-
tive treatment is known as the local infiltration of the nerve with 
an anesthetic agent on one or two occasions 72. Although the injec-
tion of the LFCN has been classically described using anatomic 
landmarks, owing to the anatomic variability of the nerve, failure 
rates have been reported as high as 60% 73. On the other hand, 
similar to any other US guided injections, real-time imaging with 
US definitely avoids such an untoward eventuality 74,75. According 
to Elavarasi A. et al. triamcinolone acetonide injected locally seems 
to be an effective and safe treatment for refractory MP 76. Local 
application of anesthetics and corticosteroid may bring immediate 
relief of the symptoms. 77 At the same time this injections serves in 
the differential diagnosis. 
Conservative therapy includes iontophoresis and use of the 
anesthetic ointments on the area of the affected skin. Capsaicin 
causes selective excitation of C-fibre polymodal nociceptor afferents 
and has also been successfully used to treat skin hypersensitivity 
and itch in MP 78.
Many authors recommended weight loss in obese patients, 
optimal diabetic control, removal of compressive garments, and 
physical and electric therapy like transcutaneous electrical nerve 
stimulations (TENS), nonsteroidal anti-inflammatory drugs, tri-
cyclic antidepressants, and anticonvulsants. Palmithoylethanola-

mide (PEA) is commonly used in the treatment of chronic pelvic 
pain and compressive neuropathies. Calabro RS et al. describe 
an otherwise healthy 28-year-old patient affected by MP who 
was successfully treated with PEA (1200mg/day) 79.Peripheral 
nerve stimulation (PNS) has been considered a new treatment 
option for meralgia paresthetica. Newer PNS technology targets 
peripheral nerves directly yet in a minimally invasive manner 80. 
Some authors report the use of lateral femoral cutaneous nerve 
radiofrequency ablation or extended duration (8 minutes) pulsed 
radiofrequency of the LFCN for long term control of refractory 
meralgia paresthetica 81,82, 83.
If conservative therapy fails neurolysis or nerve resection is 
indicated because the patients prefer hypoesthesia to burning 
pain. The most common operative treatment is nerve decom-
pression with or without neurolysis 84, 85,86,87. Ahmed A et al. 
recommended alcohol neurolysis 88. Son et al. on the experience 
of 11 patients who had decompression and neurolysis con-
cluded: “ that neurolysis of the LFCN can provide adequate pain 
relief with minimal complications for medically refractory MP. 
To achieve a good outcome in neurolysis for MP, an accurate 
diagnosis with careful examination and repeated blocks of the 
LFCN, along with electrodiagnosis seems to be essential. Possible 
variation in the course of the LFCN and thorough decompres-
sion along the course of the LFCN should be kept in mind in 
planning decompression surgery for MP 89. Transposition of the 
nerve is described by AJ Hanna in two publications 90, 91. Surgical 
treatment involves transection or decompression of the lateral 
cutaneous femoral nerve 92, 93. 
There is no clear consensus on the superiority of one technique 
over the other. Payne R et al. performed a systematic review of 
the literature to answer this question. In conclusion after review-
ing the data, there was insufficient evidence to recommended 
one method of treatment over the other 94. 
Many treatments for MP are available, but they are supported 
only by moderate to low-quality evidence. Treatments range 
from conservative to interventions using nerve blocks and sur-
gery. The benefit of one treatment regime over another is there-
fore not possible to quantify. Without a clear superiority of any 
treatment, Sanjaya A. concludes that treatment should be done 
in a stepwise fashion, from the noninvasive to the more invasive 
treatment if symptoms persist 95.

Conclusion
Meralgia paresthetica in most cases is self- limited, benign disease 
but it can decrease the quality of life if not diagnosed and treated 
appropriately. The diagnosis is based primarily upon clinical histo-
ry and detailed physical exam, but other diagnostic procedures can 
assist in the differential diagnosis. The condition in most cases can 
be treated with conservative therapies and measures, neurosurgical 
management is preformed only in patients with severe symptoms. 
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Abstract:
Robotic surgery was introduced into urology 20 years ago. Since then, it has gradually become the 
gold standard for many surgeries, especially for radical prostatectomy. Until recently, the only avail-
able and widespread used robotic platform was the da Vinci robotic system. Today, new platforms are 
emerging. One of these platforms is Senhance™ robotic system, approved by FDA, and used in several 
European and world urological centres. In this short review, we present our standpoints about robotics 
in urology and our two-year experience with the Senhance™.

Keywords: robotics; prostatectomy; prostate cancer; urology 

Sažetak:
Robotika u urologiji: Kratki pregled i iskustvo našeg centra sa Senhance™ robotskim sustavom
Robotika je uvedena u urologiju prije 20 godina. Od tada je postupno postala zlatni standard za mno-
ge operacije, osobito za radikalnu prostatektomiju. Donedavno je robotski sustav da Vinci bio jedini 
u širokoj upotrebi, ali danas postoje i druge robotske platforme. Jedna od njih je Senhance™ robotski 
sustav, koji je odobren od Američke Agencije za hranu i lijekove i koji se koristi u nekoliko europskih i 
svjetskih uroloških centara. U ovom kratkom pregledu predstavljamo robotsku radikalnu prostatekto-
miju i naše dvogodišnje iskustvo sa Senhance™ platformom.

Ključne riječi: robotika; prostatektomija; rak prostate; urologija
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It has been more than 20 years since the introduction of robotic 
surgery in urology. The first robotic platform approved by the 
Food and Drug Administration (FDA) for urologic surgery was da 
Vinci surgical system from Intuitive Surgical (Sunnyvale, US). In a 
relatively short period of time it has become a golden standard for 
many urological operations, especially in the United States. 
Robotic surgery, which had a foundation in laparoscopy, was a 
step forward, offering several important advantages over con-
ventional, open surgery, but also compared to laparoscopy itself. 
This minimally invasive approach offered significantly reduced 
morbidity, improved postoperative recovery, and reduced hos-
pital stay, but with increased costs mainly due to the purchase 
and maintenance of the platform, but also due to instruments 
that cannot be reused. In this review article, we will present the 
past, present, and future of robotic-assisted radical prostatectomy 
(RARP), as well as our experiences with this new and exciting 
method.

The Robotic era began in 1999 with the development and 
introduction of the da Vinci robotic platform for cardiac surgery, 
soon entering many different surgical fields, including urology 1. 
Although there are many urological procedures today that can 
be performed robotically, RARP is the most common and most 
important. RARP is considered the gold standard for patients 
with localized prostate cancer who are generally in good health 
and with a life expectancy of more than 10 years 2. This operation 
can cure many patients, but it also carries a significant risk for 
different morbidities, including a reduction or even deprivation 
of some very important urological and sexual functions, which 
greatly reduces the quality of life for a significant number of 
patients.
There are three main goals of RARP, the so-called trifecta: 
cancer free, continent, and potent patients 3, 4. To achieve these 
goals, urologists are in a continuous search for improvement 
of anatomical knowledge and surgical technique, but also the 
application of new techniques available today. Over a 50-year 
period, RARP evolved from the open approach, first introduced 
by Terrance Millin in 1947, to the laparoscopic approach first 
described by WW Schuessler in 1991 and finally to the robotic 
RARP in 2000 by CC Abbou 5-7.
The laparoscopic approach introduced several very important 
advantages over open radical prostatectomy (RP) such as better 
visualization, reduced blood loss, shorter incision length, less 
wound infection, less postoperative pain, shorter hospitalization 
and better cosmetic results, but also some important weaknesses 
like loss of haptic feedback and natural eye-hand coordination. 
Robotic surgery was introduced to improve the laparoscopic 
approach and overcome some of its limitations 8. Since the initial 
report, there has been a steady increase in the number of RARP 
and it is estimated that in 2020 about 80% of all radical prosta-
tectomies in the USA will be done using robotics 1.

With the introduction of minimally invasive approaches such as 
laparoscopy or robotic surgery, improved oncological and func-
tional outcomes were expected. These new approaches offered 
better visualization of important deep pelvic anatomical struc-
tures, responsible for maintaining potency and continence, with 
a neurovascular bundle as one of the most important.

There are many studies describing RARP and comparing it 
to open and laparoscopic approaches, but many of them are 
actually limited by the retrospective nature, the relatively small 
number of patients, the experience of single institution and/or 
single surgeon. However, those who had a better study design, 
showed in general that RARP offers the same or better functional 
outcomes compared to laparoscopy, especially compared to open 
RP. Furthermore, the robotic approach significantly reduced 
blood loss, complication rates and hospital stay 9-13. However, it 
is important to note that, when assessing the trifecta outcomes, 
the results seem to be highly surgeon dependent and in relation 
to his education, skills and experience 13.
 One important drawback of RARP is that long-term onco-
logical results are still missing due to being the newest surgical 
approach. Another important drawback for robotic surgery is 
the cost of the procedure, which includes the cost of purchas-
ing and maintaining the robot, as well the cost of the single-use 
instruments. These expenses are high, especially for middle- and 
low-income countries, since the cost of a da Vinci surgical system 
is approximately 2.5 mil. US dollars, increased by the cost of 
start-up reusable equipment and accessories by an additional 200 
000 dollars, an annual maintenance which cost 175 000 dollars/
year, and for the price of disposables and consumables (per 
procedure) of 2500 dollars 14. These high costs can be justified by 
significantly shorter postoperative hospitalisation, less blood loss, 
i.e. the need for transfusion and faster recovery of the patient. 
Furthermore, RARP has been shown to provide cost savings (de-
pending on the perspective) for the treatment of prostate cancer 
in the healthcare system 15. There are no studies that can give us 
a definitive answer as to which method is better. The question is 
whether these studies can be performed at all, with all the ques-
tions and the limitations associated with this type of research are 
taken into account. 

There is also another important question: which technique 
should a urologist learn? Is it better to start with open, followed 
by laparoscopic and then RARP, or can we skip the open or lapa-
roscopic approach and move straight to robotic surgery because 
it is becoming the dominant form of RP, at least in the Western 
world? It is also important to know how long the learning curve 
is and how many cases should be performed to gain sufficient 
proficiency? It is not easy to answer these questions, but we can 
say that a urologist today must know all three methods for at 
least two important reasons. The first is the need for conversion 
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from robotic to laparoscopic or open surgery, when required. The 
second is the fact that, although the approach and equipment 
used in different types of radical prostatectomies are different, 
the surgical anatomy is the same, and with more experience 
gained from all three approaches, you will be a better surgeon, 
i.e. robotic surgeon. 
It has been shown that the learning curve of robotic RARP is 
shorter compared to laparoscopic RARP and that fewer cases are 
required to acquire sufficient knowledge 16, 17. To help robotic 
surgeons, many companies provide training for urologists, from 
e-learning and simulation training to dry and wet labs, where 
surgeons mimic real conditions using animals or human corpses. 
Moreover, some manufacturers require surgeons to go through all 
these steps in order to become familiar with the technique and 
obtain the necessary certification for its use 1.
 
There are many robotic surgical platforms in development 
around the world, but only a few are approved for commercial 
use. The Senhance™ was the first platform approved by FDA 
since da Vinci. The Versius™ (CMR Surgical, Cambridge, UK) 
is awaiting FDA approval, but has CE mark approval, and there 
are reports of successful clinical colorectal surgery and preclini-
cal urologic surgery 18, 19. The REVO-I system (Meere Company 
Inc., Yongin, Korea) approved in Korea, has been successfully 
utilized for Retzius-sparing robot-assisted radical prostatectomy 
in 17 patients in 2018 20. Another system, the Avatera™ (Avat-
eramedical GmbH, Jena, Germany) has recently been CE mark 
approved and we can expect clinical results soon. The field of 
robotic-assisted surgery is growing fast and novel systems are 
emerging, however, except for the well-known da Vinci system, 
the only one in a more widespread clinical use in urology is the 
Senhance™ robotic system 21-23.

Our experience
In 2018 we acquired the Senhance™ robotic platform approved 
by the FDA a year earlier for various surgical procedures, includ-
ing urological (Figure 1, 2, 3.). This new platform is starting to 
be used in a number of institutions, mainly in Europe 24, 25..

After the initial training provided by the company, we started 
with the robotic adrenalectomy and renal surgery. Since Novem-
ber 2019 we have been performing RARP and are approaching 
the first 100 cases. The Senhance™ robotic platform was our 
first robotic platform and we had no previous experience with 
robotic surgery, but we had extensive experience in the open and 
solid experience with laparoscopic RP. We have published our 
technique and initial results and we can state that RARP with 
Senhance™ platform is a feasible and safe procedure, with ac-
ceptable functional and oncological results and with significantly 
reduced costs compared to the da Vinci, mostly due to the use of 
reusable instruments 22, 23. Although a real comparison with the 
da Vinci system could only be possible if we had both systems, a 

Figure 3. Robotic instruments. From left to right: needle holder, scissors, monopolar 
hook, monopolar grasper, bipolar grasper.

Figure 2. The position of surgeon at the operating console. Camera is controlled with 
the eye tracking technology, while the other two robotic hands are controlled with 
the laparoscopy-mimicking instrument handles. The console is equipped with haptic 
feedback and ultra-high-definition 3D screen.

Figure 1. Robotic setting in the operating theatre. There are three robotic hands 
controlled by the operator. One is holding the camera and the other two are holding 
instruments. Additional trocars are used for laparoscopic instruments controlled by 
assistant surgeons.
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comparison based on data from the literature and our experience 
shows that the price of instruments is significantly lower than 
the da Vinci system due to the use of reusable instruments. 
In addition to significant cost reductions, Senhance™ offers 
additional new benefits such as eye tracking technology, haptic 
feedback, and a comfortable sitting position that are also impor-
tant benefits. Such robotic platforms are a very good option for 
institutions and countries that have limited financial resources, 
but also want to offer their patients new minimally invasive 
procedures that were not available before, or for which they had 
to go abroad.

Conclusion
With increasing experience, we expect to further improve results 
regarding morbidity, operative time, hospital stay and functional 
as well as oncological results. Although da Vinci is still the most 
common surgical platform, there are new robotic systems which 
are already available or will be soon. The competition will bring 
technical improvement, cost reduction and enable wider use of 
RARP as shown in our case, all for the benefit of the patients.
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Abstract:
Infertility is defined as the inability of a sexually active, non-contraceptive couple to achieve spontane-
ous pregnancy within one year (Word Health Organisation). It is estimated that there are 15-20% of 
infertile couples, and this number is increasing, making infertility a major socio-demographic global 
problem. In the past, female factors were thought to be the main causes, but today we know that male 
infertility accounts for about 50% of cases. Therefore, simultaneous treatment of both sexes is recom-
mended.
The most severe condition of male infertility is azoospermia, which occurs in the general population in 
1%, while in infertile male populations it occurs in 10-20% of cases. Azoospermia can be obstructive 
(OA) and non-obstructive (NOA). Among various treatment options for azoospermia, testicular bi-
opsy (TESE) provides the best chance of sperm retrieval. TESE can be done by classical (conventional, 
open) approach or using an operating microscope, microsurgical TESE (mTESE). mTESE is reserved 
for the most complex patients with genetic disorders or previously sperm retrieval failure during con-
ventional TESE procedure.

Keywords: infertility, azoospermia, open testicular biopsy (TESE), microsurgical TESE (mTESE), 
cryopreservation, urology

Sažetak:
Konvencionalna TESE: Kratki pregled i devetogodišnje iskustvo jednog centra
Neplodnost je nemogućnost postizanja spontane trudnoće seksualno aktivnog para koji ne koristi 
kontracepciju u roku od jedne godine (Svjetska zdravstvena organizacija). Procjenjuje se da ima 
15-20% neplodnih parova i taj se postotak povećava, što neplodnost čini važnim, globalnim socio-
demografskim problemom. U prošlosti se smatralo kako je ženska neplodnost češća, ali danas znamo 
da polovicu slučajeva čine muškarci. Stoga se preporučuje istovremena obrada i liječenje oba spola.
Najteži oblik muške neplodnosti je azoospermija, koja se u općoj populaciji javlja u 1% muškaraca, 
dok se u neplodne muške populacije javlja u 10-20% slučajeva. Azoospermija može biti opstruktivna 
(OA) i neopstruktivna (NOA). Među različitim mogućnostima liječenja azoospermije, biopsija testisa 
(TESE) pruža najbolje šanse za pronalazak spermija. TESE se može izvesti klasičnim (konvencional-
nim, otvorenim) pristupom ili uporabom operacijskog mikroskopa, mikrokirurška TESE (mTESE). 
mTESE se koristi kod najsloženijih pacijenata s genetskim poremećajima ili prethodno neuspjelim 
pronalaženjem spermija tijekom uobičajenog TESE postupka.

Ključne riječi: neplodnost, azoospermija, otvorena biopsija sjemenika (TESE), mikrokirurška 
TESE (mTESE), krioprezervacija, urologija
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Infertility in men, as defined by the World Health Organization, 
is a condition in which a man has not conceived a child for 12 
months (without the use of contraceptive). It is estimated that in 
the Republic of Croatia, as in other European Union countries, 
15-20% of couples are infertile or have problems conceiving, 
and male infertility is responsible for 20-50% of cases. The most 
severe form of infertility is the complete absence of sperm in 
the semen, which is defined as azoospermia, and occurs in the 
general population in 1%, while in infertile men it occurs in 10-
20% of cases. 1-3 Azoospermia can be obstructive (OA) and non-
obstructive (NOA), the latter usually has a more severe form. 1 
The etiology of male infertility is unclear and although there are 
some diseases, some environmental factors, as well as some eating 
and psychological disorders that may be associated with infertil-
ity, in 70-90% of cases it is unknown 4. A significant number of 
patients (30-40%) did not have diseases that could affect fertility, 
moreover, they have normal findings on physical examination, 
as well as endocrine, genetic and biochemical laboratory tests, 
i.e. there is no male factor to explain the pathological finding of 
semen. For these patients we can use the term idiopathic male 
infertility. In most cases, patients or couples (which is considered 
a better option) are referred to a urologist or andrology subspe-
cialist when an abnormal semen analysis is found at the gy-
necologist. A detailed medical history and physical examination 
are usually the first step, followed by at least two semen analysis, 
determination of hormone levels (Follicle-stimulating hormone 
(FSH), luteinizing hormone (LH), testosterone, prolactin, 
estradiol, thyroid stimulating hormone (TSH), thyroxine (T4), 
sex hormone binding globuine (SHBG)), urine and semen bacte-
rial testing, testicular ultrasound and genetic analysis (karyotype, 
Y chromosome microdeletion and cystic fibrosis). Sometimes 
further testing based on these findings is needed 5 Various 
techniques can be used in patients diagnosed with azoospermia, 
such as percutaneous sperm aspiration (PESA), microsurgical 
epididymal sperm aspiration (MESA), testicular sperm aspiration 
(TESA), testicular sperm extraction (TESE) and microsurgical 
testicular sperm extraction (mTESE). The best sperm retrieval 
rate is achieved by TESE and mTESE techniques, and the most 
common histological finding in these patients is “mixed atro-
phy”, the presence of normal seminiferous tubules mixed with 
atrophic tubules.

Conventional TESE procedure
Conventional TESE is usually performed as an outpatient 
procedure. After the preparation of the operative field and local 
anesthesia, an incision of the skin and subcutaneous tissue and 
exposure of the testis is performed, followed by the incision of 
tunica albuginea on three different parts (upper, middle and low-
er) to increase the possibility of positive sperm findings according 
to the European Academy of Urology (Figure 1). Patients are 
discharged from the hospital the same afternoon. They should 

rest for a few days, and a full recovery is expected in 14 days.
Immediately after harvesting testicular tissue, embryologist be-
gins microdissection of tissue under sterile conditions in laminar 
flow (Figure 2). Each piece of tissue is divided into two parts. 
The first part is immersed in cryo-medium as a preparation for 
the deep-freezing procedure, and the second part is prepared for 
a detailed pathohistological examination. The deep-freezing tis-
sue is programmably frozen and stored in a container with liquid 
nitrogen. Tissue for pathohistological analysis (PHA) is fixed 
and stained with hematoxylin eosin and immunohistochemically 
(IHC), then a detailed pathohistological analysis is performed. 
PHA was scored using the Johnsen International Scoring System 
to analyze the degree of preservation of spermatogenesis, from 
0-10. Zero is the worst value and means that only fibrotic tissue 
was found, and ten is the best value and means full spermato-
genesis. The higher the score the greater the chance of successful 
intracytoplasmic sperm injection/in vitro fertilisation (ICSI/IVF) 
procedures, ideally a score of nine and ten is the best (Table 1) 24. 
To avoid unexpected genetic abnormalities, only sperm should 
be used in the ICSI/IVF procedure, not spermatids. Immunohis-
tochemical staining is very important because in these patients 
the probability of germ cell neoplasia in situ (GCNIS) is one 
hundred times higher. 

mTESE procedure
Microsurgical testicular sperm extraction (mTESE) was first 
described by Schlegel in 1999 6 as an advanced microsurgi-
cal treatment assisted with operating microscope for retrieving 
sperm from men with NOA. 7 Some recent studies suggests that 
mTESE is 1.5-fold better at sperm extraction than conventional 
TESE when harvesting random multiple biopsies at three dif-
ferent parts of the testis. It is also twice as effective as testicular 
aspiration (TESA) in controlled trials. 8 Spermatogenesis does 
not show homogeneity in all parts of the testis, moreover, most 
seminiferous tubules in NOA do not show normal stratification 
and germ cells count, but only small, thin tubules that do not 
contain sperms or any form of normal spermatogenesis. How-
ever, under 20–25-fold microscopic magnification with precise 
microdissection, seminal tubules with full spermatogenesis are 
more easily identified. These tubules are larger and most opaque 
on microscopic appearance and are therefore different from the 
surrounding tubules. Using an inverted microscope they can 
be promptly analysed for the presence of sperm. This led to 
the identification of sperm in 63% of men using the mTESE 
technique, compared to 45% of sperm retrieval using the con-
ventional TESE technique in the original publication. However, 
both methods have advanced over the years and numerous 
studies have been made that compare them. Corona et al i 2019. 
performed a systematic review and meta-analysis and found 
no differences when mTESE was compared with conventional 
TESE (46[43;49]% for TESE versus 46[42;49]% for mTESE) 
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and in general we can say that they are similar with a sperm 
retrieval rate around 50%. 9 
There is always a question which method is better for which 
patients, i.e. which patients can benefit from mTESE procedure? 
Many factors such as the patient’s age, hormone levels, testicular 
volume, and previous surgical procedures influence the choice 
of procedure. If TESE did not result in a satisfactory sperm 
retrieval rate, we can try the mTESE, but even mTESE cannot 
retrieve sperm in patients with severely damaged testicles like 
patients with Klinefelter syndrome. To clarify which technique is 
superior, we need a sufficiently strong and well-designed prospec-
tive, multicentric and randomized controlled study to compare 
mTESE to TESE in men with NOA.
Some patients have a combination of varicocele and azoospermia 
and the question is whether they can benefit from varicocelecto-
my (VR). Esteves et al. performed a meta-analysis evaluating the 
role of VR in men with NOA and concluded that VR may be 
associated with sperm appearance in the postoperative ejaculate 
and may affect surgical sperm retrieval rate. 10 However, there 
are biases in many of the studies analyzed, moreover, the results 
of varicocele repair can be observed only after 3-6 months. 11 
Also, some results suggest that 10-18% of men with NOA will 
have sperms in ejaculate with control semen analysis without any 
surgical intervention for varicocele. Many patients have female 
partners in their late thirties or early forties and do not want any 
prolongation of a possible child conceiving and choose immedi-

ate sperm retrieval technique without waiting for possible sperm 
recovery after VR. 12-22
Almost all patients with NOA have abnormal sex hormone find-
ings. In most of them, FSH levels are high, while LH levels and 
testosterone levels are normal, but for those with lower testoster-
one levels, adjuvant hormone therapy may be helpful. Hussein et 
al. in a prospective, multicentric study in 42 patients with NOA 
and a histopathological diagnosis of maturation arrest or hypo-
spermatogenesis, used clomiphene citrate for 3–9 months at a dose 
of 25 mg/d to 75 mg/d. Semen analyses showed that in 64.3% of 
men the sperm concentration increased to an average of 3.8 mil-
lion/mL. 23 In addition to clomiphene citrate, aromatase inhibi-
tors can be used, depending on the testosterone/estradiol (T:E2) 
ratio. For example, if T:E2 was <10, 1 mg of anastrozole daily is 
advised. For men with an inadequate testosterone response, added 
injections of human chorionic gonadotropin (hCG) at a dose of 
1,500 IU subcutaneously two or three times a week may be given. 
Depending on the pathohistological findings during previous 
conventional TESE procedure, some patients might benefit from 
150 IU human recombinant follicle stimulating hormone (rFSH) 
substitution two or three times a week for several months before 
a new mTESE procedure is performed, especially if FSH levels 
are normal and PHE result suggests spermatide stop. However, 
recently published papers have shown conflicting results, namely a 
failure of the sperm retrieval rate 3. Therefore, care should be taken 
when deciding which therapy should be given to the patient.

 

Figure 1. “Open” testicular biopsy. The assistant holds the testicle in a fixed position 
while the operator uses a scalpel to approach the parenchyma of the testis, which gently 
protrudes through the incision of the tunica albuginea.

 

Figure 2. Shows tissue microdissection in laminar flow.
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Score Histological criteria
10 Full spermatogenesis
9 Slightly impaired spermatogenesis, many late spermatids, disorganized epithelium
8 Less than five spermatozoa per tubule, few late spermatids
7 No spermatozoa, no late spermatids, many early spermatids
6 No spermatozoa, no late spermatids, few early spermatids
5 No spermatozoa or spermatids, many spermatocytes
4 No spermatozoa or spermatids, few spermatocytes
3 Spermatogonia only
2 No germinal cells, Sertoli cells only
1 No seminiferous epithelium

NOA All (NOA+OA)
No patients 302 (90%) 336
Spermatozoa 163 (54%) 198 (59%)
Late spermatids 39 (13%) 37 (11%)

Table 1. Johnsen score

Table 2. Our results showing number of spermatozoa and spermatids in all and NOA patients. 

Our experience
At the University Hospital Centre Zagreb, we have established 
the Centre for reproductive medicine and andrology in 2015, 
which unites many departments (mainly urology and gynaecol-
ogy) that help infertile couples. Our centre is accredited by the 
European Academy of Andrology. We started the TESE proce-
dure in 2013, and so far in 9 years we have performed a total 
of 336 procedures in collaboration with School of Medicine 
Zagreb, Department for histology and embryology. All harvested 
testicular tissue is stored in liquid nitrogen in the Department 
for tissue banking. We had 90% of patients with NAO and 10% 
with OA, with a sperm retrieval success rate of 59%, which is 
comparable with well recognised infertility world centres. When 
we analysed patients with NOA, we found sperms in 54% of 
patients and late spermatids in 13% of patients (Table 2). These 
good sperm retrieval rates are achieved by using multiple inci-
sions on each testis. Complications are rare and we observed only 
three scrotal haematomas and four wound infections.
There are patients with a previous failure of sperm retrieval during 

TESE procedure, and also patients with genetic disorders such as 
Klinefelter syndrome who could benefit from mTESE procedure. 
This demanding and time-consuming technique should be offered 
to carefully selected patients. With this technique less tissue will be 
harvested for best results. We are still not performing this proce-
dure, but we are planning to do it in the near future. 

Conlusion
Male infertility is becoming an increasing demographic problem. 
Sperm retrieval techniques are the only possibility for biologi-
cal child conceiving in patients with diagnosed azoospermia. In 
more than half of our patients, we found sperm that could be 
used in the combined ICSI / IVF procedure, which could enable 
them to become biological fathers/parents, and which would 
have been impossible without this technique. For highly selected 
patients in whom TESE has failed, we can offer more advanced 
sperm finding techniques such as mTESE. Further research and 
advances in a very important area of   tissue culture are likely to 
help even more azoospermic patients in the future.
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Abstract:
Obstructive sleep apnea (OSA) and type 2 diabetes mellitus (T2DM) are both common diseases that 
present a burden to a remarkable number of individuals worldwide, and their incidence and prevalence 
are constantly raising. OSA and T2DM coexist very often, they have common independent predispos-
ing factors, and the main of them is obesity. However, they can share many other pathogenetic factors 
like chronic inflammation, oxidative stress, hormonal changes and autonomic nervous system disbal-
ance, which are discussed in this review. OSA and T2DM, when untreated or undertreated, may lead 
to the additive or synergistic effect in a patient, leading to accelerated development of atherosclerosis 
and its cardiovascular complications.
Recently, concomittant presence of OSA and T2DM was linked to possibility of higher incidence of 
colon cancer. As OSA, obesity and diabetes type 2 presen tindependent increased risk for cardiovas-
cular complications, cardiovascular morbidity and mortality, special focus should be put on the early 
recognition of OSA simptoms in the patients with T2DM, and vice versa, patients with OSA should 
be regularly checked for presence of glucose intolerance or insulin resistance, in order to prevent long-
term consequences.

Keywords: sleep apnea, obstructive sleep apnes, sleep apnea syndrome, diabetes mellitus

Sažetak:
Opstruktivna apneja u spavanju i dijabetes melitus tipa 2
Opstruktivna apneja u spavanju (OSA, prema engl. obstructive sleep apnea) i dijabetes melitus tipa 2 
(T2DM, prema engl. type 2 diabetes mellitus) česte su bolesti od kojih pati značajan broj bolesnika 
širom svijeta, a njihova incidencija i prevalencija su u neprestanom porastu.OSA i T2DM su vrlo često 
istovremeno prisutne kod istog bolesnika, te imaju zajedničke neovisne čimbenike rizika, od kojih je 
najvažniji pretilost. Osim toga, OSA i T2DM dijele i više čimbenika patogeneze, kao što su kronična 
upala, oksidativni stres, hormonalne promjene i poremećena ravnoteža autonomnog živčanog sustava, 
o kojima se raspravlja u ovom preglednom radu. Ukoliko se kod bolesnika OSA i T2DM ne liječe 
ili liječe neadekvatno, mogu aditivnim ili sinergističkim učinkom dovesti do ubrzanog razvoja ater-
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oskleroze i njezinih kardiovaskularnih i drugih komplikacija. Konkomitantna prisutnost OSA i T2DM 
je od nedavno povezana i većom incidencijom raka debelog crijeva. Budući da su OSA, pretilost i 
dijabetes tipa 2 neovisni čimbenici rizika za razvoj kardiovaskularnih komplikacija, kardiovaskularnog 
morbiditeta i mortaliteta, posebnu pozornost bi trebalo usmjeriti na rano prepoznavanje OSA-e kod 
bolesnika s T2DM- om, a s druge strane, kod bolesnika s OSA-om bi trebalo redovito kontrolirati 
eventualne znakove intolerancije glukoze ili inzulinske rezistencije, kako bi se što ranije i učinkovitije 
spriječile dugoročne posljedice tih bolesti.

Ključne riječi: apneja u spavanju, sindrom apneje, dijabetes

Introduction
Obstructive Sleep apnea (OSA) is a major health problem. 
Beside that it significantly lowers the quality of life 1, it increases 
risk for cardiovascular disease, metabolic syndrome and diabetes 
mellitus, contributing overall morbidity and mortality 1-5. In the 
light of new SARS-COV-2 pandemics, available data indicate 
that it might worsen the outcome and increase the death rate of 
the COVID-19 infection 6 It is estimated than 936 million indi-
viduals aged 30–69 years (men and women included) worldwide 
have OSA 7. Among this group, 425 million individuals have 
moderate to severe obstructive sleep apnea, estimated using crite-
ria based on number of apneic episodes of 15 or more events per 
hour. The latter group is considered as clinically more important, 
because the treatment is often required 7.
Diabetes mellitus is another world-wide burden, that decreases 
quality of life and increases risk for short-term and long-term 
complications, leading to higher morbidity and mortality 8. 
Although type I diabetes mellitus, caused by lack of insulin 
production, is a severe condition which, when untreated, leads 
to rapid metabolic impairment and death, type 2 diabetes 
mellitus in which combination of impaired insulin production 
and decreased ability of insulin-sensitive tissues to respond to 
insulin are present, is much more common (>90% of all DM 
cases) and its incidence is rapidly increasing especially in young 
population even in adolescents and children 8. T2DM epidem-
ics is mostly attributed to increase of obesity, caused by high-fat 
diet and sedentary lifestyle 9,10, and aging of population 11 Early 
onset of T2DM lowers the age of appearance of microvascular 
and macrovascular complications and shortens the individual’s 
life-span 9-12.
OSA and T2DM often overlap in the same patient, and share 
common comorbidities and risks, which can increase the mortal-
ity risk and demands for treatment 13-15. The aim of this review 
is to focus on some common aspects between OSA and T2DM, 
with special attention to metabolic factors in pathogenesis of 
these two conditions.

Clinical aspects 
Sleep apnea is a common sleep disorder characterized by absence 
of inspiratory airflow for periods for ≥10 seconds. Hypopnea is 

defined as reduction in airflow to ≥ 50% for periods for ≥10 sec-
onds. Both apnea and hypopnea usually may lead to intermittent 
drop of oxygen saturation, hypercapnia and decreased quality of 
sleep 5,15. Typical symptoms in a patient with sleep apnea include 
snoring in most of the sleep period, and, when awake, patients 
often complain about tiredness despite sleeping all night, with 
lack of concentration, morning headache or behavioural changes. 
Sleep apnea can be caused by 1. abnormal impulses transmis-
sion from central nervous system to respiratory muscles (central 
sleep apnea, CSA), and 2. collapsed airways or increased airway 
resistance that prevent airflow (obstructive sleep apnea, OSA). 
A distinct form of sleep apnea is complex sleep apnea syndrome 
(CompSAS), where CSA develops in patients with preexisting 
OSA, previously treated with a continuous positive airway pres-
sure (CPAP) device 16,17. The latter combination of both obstruc-
tive and central mechanisms, is considered as severe emergency 
condition. Obstructive sleep apnea (OSA) is the most common 
type of sleep apnea defined as temporary cessation or reduction of 
airflow caused by intermittent increase of upper airway resistance 
during respiratory effort in association with sleep fragmentation 
18,19. Although all OSA patients have certain level of impaired up-
per airway anatomy, since last 7 years four subphenotypes of OSA 
have been recognized, taking into account additional non-ana-
tomical factors: ineffective upper-airway dilator muscles influenc-
ing pharyngeal critical closing pressure (Pcrit), respiratory control 
instability (high loop gain), and upper airway recruitment and 
low repiratory arousal threshold 20, 21. This subdivision is impor-
tant for finding the best treatment approach 21 Increase of airway 
resistance may be caused by anatomic abnormalities (enlarged 
tonsils), decreased muscle tone in oropharyngeal or nasopharyn-
geal muscles, or, in most cases, accumulation of fat in the neck 
or pharyngeal tissue 19. Polysomnography (PSG) is a standard 
method for estimation of sleep apnea, and determining of sum of 
apneas or hypopneas per hour of sleep, known as apnea-hypopnea 
index (AHI) is required for diagnosis and assesment of OSA 
grade. AHI ≥ 5 per hour of sleep is considered abnormal, and 
increased daytime sleepines associated with abnormal AHI is typi-
cal for OSA. 22 OSA can be classified as mild, when AHI is 5-14 
events/hour of sleep, moderate (AHI 15-29), and severe (AHI ≥ 
30 per hour of sleep 23.
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Best and the first-line method for OSA treatment is an ap-
plication of continous positive airway pressure (CPAP) 8,9. The 
alternatives are oral appliances, surgical procedures and electri-
cal stimulation 9 These methods can be combined with lifestyle 
changes and obesity reduction 24, 25.

Epidemiology of sleep apnea and association 
with type 2 diabetes mellitus
OSA prevalence is increasing rapidly worldwide 7,26,27, which 
can be attributed mostly to increasing epidemics of obesity 28. 
In earlier investigations, it was estimated that in people with 
body mass index (BMI) 25-28, every 1 in 5 adults have at least 
mild OSA, while 1 of 15 adults have moderate or severe OSA 29. 
Newer studies that are based on different diagnostic criteria indi-
cate that in general population, prevalence of moderate to severe 
OSA ranges 49,7 % in men and 23,4 % in women 30 However, 
in obese adults OSA prevalence can reach 70%, and in adults 
with diabetes mellitus type 2 (T2DM) is 58-86% 26. As reported 
in Sleep AHEAD Study, the highest prevalence of OSA (86,6%) 
is found among individuals with T2DM with severe obesity 
and BMI ≥ 36,5 ± 5,8 kg/m2, while 30,5% obese T2DM had 
moderate OSA and 22,6 % had severe OSA 31. The prevalence 
of OSA in patients with T2DM is higher in White Europeans 
than in South Asia. 32 Moderate to severe sleep apnea is present 
in 46,3 % of patients with long-standing type I diabetes mellitus 
(DMT1) 33. This strongly suggests that association exists between 
sleep apnea, obesity and impaired glucose homeostasis 34. 
Severity of OSA is independently and positively correlated with 
increase of HbA1c levels 35 On the other side, OSA is consid-
ered as independent risk factor for T2DM, and both OSA and 
T2DM are important risk factors in patophysiology of metabolic 
syndrome and cardiovascular disease 15,19. According to several 
studies that have investigated association between OSA and 
obesity, neck circumference (NC) and visceral obesity are more 
related to OSA than BMI 36,37. In “Standards of Medical Care in 
Diabetes,” a result of consensus of American Diabetes Assosia-
tion, measurement of NC is recommended for clinical screening 
of OSA, especially in patients with T2DM. NC > than 17 inches 
in men and > 16 inches in women are significant cut-off values 
37. NC is also considered as independent factor for estimation 
of metabolic syndrome and insulin resistance, as NC > 38 cm 
predicted metabolic syndrome with 54% sensitivity and 70% 
specificity, and in prediction of OSA showed 58% sensitivity and 
79% specificity 38.
While polysomnography is considered a standard method for 
estimation of OSA, there are several criteria for diagnosis of 
diabetes and pre-diabetes: fasting blood glucose concentration > 
7 mmol/L, HbA1C > 6,5% or random blood glucose concentra-
tion > 11,1 mmol/L. Homeostasis model assesment of insulin 
resistance (HOMA-IR) score and HOMA-β score for quantify-
ing the β -cell function are also widely used for insulin resistence 

validation, especially in clinical and epidemiologic studies 39.
Many studies confirm the association in patohysiological factors 
between OSA, type 2 diabetes and obesity, and these conditions 
also share some independent risk factors, like age, inadequate 
nutrition, sedentary life style and genetic factors 7,15, 19. European 
Sleep Apnea Cohort Study results showed increased prevalence of 
OSA in diabetic subjects, and the severity of OSA was independ-
ent predictor of glycemic control, as the positive association 
between OSA severity indices and HbA1c levels was estimated in 
non-diabetic subjects 40. Ten studies, including extensive meta-
analysis of the SHSS Atherosclerosis Risk in Communities study 
have confirmed increased (1.35-fold) risk for OSA patients for 
developing T2DM regardless of body mass index (BMI) and age. 
The studies are well-described in the review of Reutrakul et al. 
15. Beside of being the independent risk factor for T2DM, OSA 
is more prevalent in adult patients with diabetes than in non-
diabetics, and prevalence of OSA in diabetics was 58-86% 13-15. 

Common pathophysiological mechanisms in osa 
and t2dm
Although it is still unknown whether presence of OSA can in-
duce T2DM, studies on animals and in heathly volunteers indi-
cate that intermittent hypoxia (IH) and sleep disturbance could 
be predisposing factors for impaired glucose metabolism, insulin 
resistance and T2DM in OSA patients. In study of N. Sokucu 
et al. that was performed in non-diabetic OSA patients, elevated 
blood level of hemoglobin A1c (HbA1c) has been found, and 
HbA1c level was negatively correlated with minimum oxyhemo-
globin desaturation levels (𝑟 = −0.302, 𝑃 = 0.018), and positively 
correlated with mean desaturation index (𝑟 =0.263, 𝑃 = 0.041) 
41. In extensive study including 1599 OSA patients without 
diabetes, Priou et al have observed positive correlation between 
severity of OSA and HbA1c levels, with dose-response relation-
ship between AHI and percentage of patients with HbA1c > 
6.0% ranging from 10.8% for AHI < 5 to 34.2% for AHI ≥ 50. 
increasing 42. In the same study, significance of AHI as independ-
ent factor remained high after adjustments for other factors, 
like age, sex, smoking habits, BMI, cardiovascular morbidity, 
daytime sleepiness, depression, and insomnia 42. Positive associa-
tion between level of HbA1c with percentage of sleep time with 
oxyhemoglobin saturation below 90% (𝛽 = 0.470, 𝑃 = 0.01) was 
also detected, and negative correlation was estimated with nor-
mal oxyhemoglobin saturation 43. Obstruction of upper airways, 
hypopnea and apnea cause lower oxygen blood saturation, inter-
mittent sleep with augmented stress, hormonal dysbalance and 
systemic inflammation. IH has a central role in pathogenesis of 
metabolic disturbance and diabetes in OSA, as it is at least partly 
responsible for decrease in insulin sensitivity, and decrease of 
glucose and oxygen utilisation at the level of the whole organism, 
which was confirmed in animal model and in humans. Group 
of Gozal et al. showed that sleep fragmentation with IH in mice 



Review Article

RAD 547. Medical Sciences 54-55 (2021) : 76-84                       www.rad-med.com 79 June 2021   -   Vol 547 = 54-55

induced insulin resistance, increased oxygen stress and systemic 
inflammation, with release of proinflammatory cytokines from 
activated M1 macrophages 44. These factors were associated with 
beta-cell dysfunction and apoptosis 44,45. Cessation of the expo-
sure to IH has only partially reversed the metabolic changes and 
eventually was followed with the worsening of beta cell function 
46 In healthy human adults, acute IH induced transient elevation 
of blood glucose concentration 47 and impaired insulin sensitivity 
with an increased sympathetic nervous system activity 48. 
Intermittent hypoxia is not the only mechanism that impairs glu-
cose homeostasis in OSA patients. Although it is still unknown 
which factors in OSA patients may lead to diabetes, multiple 
factors are proposed as potential connection between IH and 
disturbed glucose metabolism: genetic factors, oxidative stress 
and inflammation, disturbed hypothalamo-pituitary-adrenal 
(HPA) axis with increased levels of circulating cortisol and free 
fatty acids, adipokines, elevated levels of endothelin-1 from dam-
aged vascular endothelium, and increased activity of sympathetic 
system 15. 
A recent genetic study with genotyping for single nucleotide 
polymorphysms (sRNPs) in patients with both OSA and T2DM 
indicated a possible link between polymorphysm of gene en-
coding apolipoprotein A-V (APOA5 rs3135506), particularly 
in overweight patients 15. APOA5 is an important regulator 
of triglyceride metabolism, and CC homozygotes of APOA5 
rs3135506 have predisposition for triglycerideridemia 49. Poly-
morphysms of APOA5 gene were previously linked to increased 
risk for diabetes, high BMI, ischemic stroke and cardiovascular 
disease 50.
The common link between factors and conditions that are 
connected both with OSA and T2DM might be the increased 
lipolysis and elevated levels of free fatty acids (FFA) in circula-
tion induced by IH. Obesity with plenty of circulating nutrients 
can certainly potentiate those metabolic impairments 51,52. It 
is known that high blood levels of FFA impair increase insulin 
resistance and glucose uptake by peripheral cells by multiple 
mechanisms on the level of peripheral cells 53 FFAs impair glu-
cose metabolic utilization by muscles, via inhibition of glycolytic 
enzymes 54, or inhibition of tyrosin kinase-mediated signal-
ing mechanisms downstream of insulin receptor 53. Increased 
circulating FFA levels also negatively affect insulin secretion from 
pancreatic beta cells 55 and may cause inflammatory response 
in beta cells via activation of Toll-like receptors 2 and 4, acting 
like damage-associated molecular patterns that induce produc-
tion of pro-inflammatory cytokines and recruit innate immune 
cells in the beta-cell surrounding 56. Beside hormones that can 
cause or contribute to hyperglycemia (cortisol, growth hor-
mone, epinephrine), activation of sympathetic nervous system, 
via β-adrenergic receptors, adipokines (resistin) and cytokines 
(TNFalpha, IL-6), adipocyte hypoxia is one of the factors that 
regulates lypolysis. A support for strong causal link between 

hypoxic condition, elevated circulating FFA and diabetes is seen 
in OSA patients after CPAP withrawal, in whom elevated levels 
of circulating FFA, glucose and cortisol were detected 52. In a 
recent study that included 118 participants with or without sleep 
disordered breathing, severity of hypoxia assessed by AHI was as 
independent factor, in positive correlation with adipocyte insulin 
resistance, lypolisis with elevated FFA levels, and decrease of 
glucose- and insulin-mediated suppression of lipolysis 53. 
Reversely, in patients with T2DM, presence of OSA increased 
lipolysis by 42% in comparison with patients with T2DM only, 
and this effect was independent from gender, BMI or waist cir-
cumference 51. The main source of circulating FFA are adipocytes 
which have an important role in glucose homeostasis and they 
exert many of their role via secretion of numerous adipokines, 
including resistin, adiponectin and leptin. Adipose tissue 
macrophages, especially those from visceral abdominal fat, are 
an important source of inflammatory cytokines including IL-6 
and TNF-α. These cytokines, in orchestra with other molecules 
involved in inflammation, like chemokines, adhesion molecules, 
C-reactive protein (CRP) and other acute-phase reactants, are 
found to be increased in OSA 57,58. They contribute to worsening 
of metabolic homeostasis and may increase the risk for cardiovas-
cular events in OSA patients 57-62. It is shown in model in vitro 
that exposure of adipocytes to intermittent hypoxia mimicking 
hypoxic episodes in OSA, results in expression of adipokines 
that participate in insulin resistance, impaired glucose tolerance.
and chronic mild inflammation 63. In patients with untreated 
OSA, elevated plasma levels of proinflammatory resistin and 
decreased plasma antiinflammatory adiponectin levels were 
detected 64,65 which was associated with elevated plasma levels of 
interleukin 6 and activation of nuclear factor kappa B (NF-κB) 
58. Also, production of a potent inflammatory cytokine, TNF-α 
in OSA patients, is positively associated with severity of OSA, 
and negatively associated with adiponectin. TNF-α may in-
crease a predisposition for T2DM and cardiovascular events as it 
decreases the synthesis of adiponectin which has a protective role 
in T2DM 66 Some studies indicate that treatment with CPAP 
efficiently reduces levels of TNF-α 67 and elevates adiponectin 
levels, although in this studies changes in insulin resistance index 
and BMI were not noticed 65. 
In a search for sensitive and specific biomarker that could predict 
the development of diabetes and cardiovascular complications 
in a individual with OSA, two different author groups were 
performed extensive literature meta-analysis of many plasma 
inflammatory biomarkers (C-reactive protein, TNF-α, IL-6, 
IL-8, adhesion molecules ICAM-1), oxidative stress biomark-
ers (NADPH oxidase, nitric oxide) and biomarkers of carbo-
hydrate and lipid metabolism (HbA1C, FFA and lipoproteins, 
levels of leptin, adiponectin and resistin) in OSA patients. All 
these different serum-derived parameters were proposed for the 
possible purpose of screening or clinical assessment of OSA 57, 
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68. However, still there is no ideal serum-specific biomarker that 
is consistently and specifically associated with both OSA and 
diabetes, and that could substitute time-consuming diagnosis 
with polysmonography and predict long-term complications 57,58. 
The results linking a specific serum parameter and diagnosis or 
prognosis were often contradictory or non-consistent, and may 
depend of the other individual factors like disease stage and other 
comorbidities 57,58. 
Chronic inflammatory reaction and oxidative stress can be linked 
with increased cortisol level in OSA patients. In OSA patients 
after withrawal of CPAP, increase of nocturnal levels of corti-
sol, with elevated levels of FFA and glucose was detected, and 
preexisting diabetes in OSA patient augmented hyperglycemic 
response. In the same study, increased sympathetic activity (heart 
rate) was also noticed 52. 
Glucose intolerance in OSA and risk for developing T2DM may 
be potentiated by the increased sympathetic activity in patients 
with OSA as a result of chemoreceptor reflex and stimulation of 
nucleus tractus solitarii caused with IH and sleep fragmentation 
69,70. Increased sympathetic tone negatively affects insulin secre-
tion by beta pancreatic cells, and contributes to the insulin resist-
ance. In OSA patients with prediabetes, it is found that one week 
of treatment with CPAP significantly decreased circulating levels 
of daytime and nighttime norepinephrine levels in plasma 71, 72 In 
obese patients with T2DM, presence of autonomic neuropathy 
caused by diabetes, increases risk for OSA, impairing mechanore-
ceptor reflex in upper airways 73.
The connection between metabolic, hormonal and autonom-
nous nervous system factors that are common to both OSA and 
diabetes may worse the clinical outcome of these both diseases 
separately, or potentiate clinical worsening when they are found 
simultaneously in the same patient. Beside this connection which 
is more investigated, last several years increased interest has 
grown with a scope on the possible increased risk for colorectal 
cancer in patients with OSA and T2DM. Results of Zhou et 
al. showed that in the T2DM patients with OSA circulating 
CEA levels were significantly higher (p<0.05) than that in those 
without OSA. Beside the fact that the AHI score was indepen-
dently linked with risk of increased CEA level in T2DM, in the 
male patients linear correlation was noticed between AHI score 
and CEA levels, with the highest CEA levels in the patients with 
AHI≥30 74. Furthermore, the highest CEA levels were measured 
in male patients with T2DM with obesity and had HbA1c level 
≥7% 74. Currently, the more data are required for the explanation 
of the possible pathogenetic connection between OSA, T2DM 
and colon cancer. Obesity may present the common link, as it 
is known that high-energy content and low-fiber nutrition can 
elevate levels of circulating IGF-1 and adipokine levels that can 
contribute to chronic inflammation, impaired immune system 
and growth of cancer cells 74. 

The role of cpap treatment in prevention of 
diabetes and its complications
It is still a question of debate whether CPAP, as a golden standard 
therapy for OSA, can prevent T2DM and its macrovascular and 
microvascular complications, and still there are no long-term 
data that consistently prove lower T2DM incidence in CPAP-
treated OSA patients 26. Some randomized controlled studies 
didn’t show any significant effect of CPAP on glycemic param-
eters. There are sveral possible reasons for that, including poor 
patient compliance to CPAP. In some studies, CPAP was applied 
for a relatively short period (3,6 and 4,3 hours per night) 75-77. 
Results of meta-analysis performed by Labarca et al. have showed 
that even more than 12 weeks of CPAP application didn’t im-
prove glycated hemoglobin levels 78. However, two studies where 
CPAP treatment was applied in 8-hour sleep period during at 
least 1 week reported statistically significant fall in fasting and 
24-hour glucose levels in patients with OSA and T2DM 71,72. Al-
though glycemic control was not significantly improved in mild 
or moderate OSA treatment by CPAP 79, in patients with severe 
OSA, CPAP treatment may prevent severe chronic diabetic com-
plications 80. Among ongoing studies, an extensive open-label, 
parallel-arm, randomised control trial cohort study SLEEP T2D 
is published as a preliminary project, with the aim to assess the 
impact of CPAP on microvascular complications in patients with 
T2DM during a period lasting at least two years 81.

Conclusion
In conclusion, obstructive sleep apnea and diabetes are both 
common diseases that coexist very often. They have common 
independent predisposing and pathogenetic factors, and the 
main of them is obesity. However, they can share many other 
pathogenetic factors like chronic inflammation, oxidative stress, 
hormonal changes and autonomic nervous system disbalance. 
This may lead to the additive or even synergistic effect in a pa-
tient, leading to accelerated development of atherosclerosis and 
its cardiovascular complications, and other possible conditions, 
including cancer. As OSA, obesity and diabetes type 2 are linked 
with increased risk for cardiovascular complications (including 
miocardial infarction, ischemic stroke, severe hypertension and 
arrhythmias), cardiovascular morbidity and mortality, special 
focus should be put on the early recognition of OSA simptoms 
in the patients with T2DM, and vice versa, patients with OSA 
should be regularly checked for presence of glucose intolerance 
or insulin resistance, in order to prevent long-term consequences. 
In all of these patients, special attention have to focused also on 
assesment and treatment of obesity.
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Abstract:
“Young-onset dementia” (YOD) includes clinical presentations of dementia with the onset before age 
of 65. There are several important clinical differences between much more frequent late onset dementia 
(LOD) and YOD syndromes. First, YOD has much wider range of different aetiologies comparing to 
LOD. Among all possible aetiologies, treatable/potentially reversible causes are much more common 
in YOD then in LOD. There is also significantly higher prevalence of inherited dementias in younger 
age-groups. Furthermore, atypical cognitive (non-amnestic) presentations of common degenerative de-
mentias (e. g. Alzheimer’s disease) are more frequent in YOD. Therefore, routine cognitive evaluation 
using standard screening tests (e.g. MMSE) may be insufficient. YOD is more often accompanied by 
neurological and systemic features (dementia plus syndromes) and the identification of these features 
can aid the diagnosis. 
Based on these specificities of YOD, diagnostic approach is always challenging. Therefore, a thorough 
neurocognitive assessment and a structured and rational diagnostic approach is mandatory to ensure 
early diagnosis and treatment.

Keywords: Alzheimer’s disease; Dementia; Presenile dementia, Young-onset dementia

Sažetak:
Demencije s počekom u ranoj životnoj dobi-praktični pristup oboljelom 
Demencije s počekom u ranoj životnoj dobi (engl. Young-onset dementia, YOD) označavaju pojavu 
demencije prije 65. godine života. Postoji nekoliko važnih kliničkih razlika između mnogo učestalijih 
demencija koje počinju iza 65. godine života (engl. Late-onset dementia, LOD) i YOD. Prvo, YOD 
ima mnogo širi raspon različitih uzroka u usporedbi s LOD-a. Među svim mogućim etiologijama, kod 
demencija ranog početka mnogo su češći izlječivi/potencijalno reverzibilni uzroci demencije. Također 
je znatno češća nasljedna komponenta u demencijama s početkom u mlađim dobnim skupinama. Na-
dalje, atipične kognitivne (ne-amnestičke) prezentacije uobičajenih degenerativnih demencija (npr. Al-
zheimerove bolesti) češće su u YOD. Stoga kognitivna procjena pomoću standardnih screening testova 
(npr. MMSE testa) može biti neadekvatna. YOD je češće popraćen neurološkim i sistemskim simpto-
mima i znakovima (demencija plus sindromi), a prepoznavanje tih značajki može pomoći u dijagnozi. 
Na temelju tih specifičnosti YOD-a, dijagnostički pristup uvijek predstavlja veliki izazov. Stoga 
je u pristupu oboljelom potrebna detaljna neurokognitivna procjena te strukturiran i racionalan 
dijagnostički pristup kako bi se osigurala rana dijagnoza i liječenje.

Ključne riječi: Alzheimerova bolest; demencija; presenilna demencija
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Introduction
Decades ago, the term “presenile dementia“ has been replaced 
with terms “young(er)/early-onset dementia” (YOD) that include 
patients with early onset of dementia (before age of 65). The 
diagnosis of YOD presents a particular challenge for cognitive 
neurologist and, although not so common among all dementia 
cases (approximately 8% of all dementia cases)1,2, it is recognised as 
a growing socioeconomic problem, since it affects working popula-
tion. While the main and predominant cause of dementia in older 
age is sporadic Alzheimer’s disease (AD), YODs have much wider 
range of different aetiologies with higher percentage of potentially 
curable causes and a higher prevalence of inheritance1,2. Due to 
younger age, broad differential diagnosis, common non-amnestic 
cognitive presentations that can be missed by standard screening 
tests and frequent presence of other neurological and systemic 
symptoms, diagnostic approach is always challenging. Therefore, a 

structured and rational diagnostic approach is necessary to ensure 
early treatment and prevent progression of the disease if possible1-4. 
The intent of this short review is to emphasize specific clinical fea-
tures of YOD group and to provide current evidence for complex 
diagnostic approach to patient with YOD. 

Aetiology of YOD
The aetiology of YODs is broad (Table 1.) (adapted from 5). 
AD, vascular cognitive impairment (VCI), frontotemporal lobar 
degeneration (FTLD) and diffuse Lewy body dementia (DLBD) 
are the most common causes of dementia both in elderly and 
in younger patients (Figure 1.)6. If the presentation of dementia 
is before age of 45, neurodegenerative dementia accounts for 
30% of cases (with a rare presentation of AD), autoimmune and 
inflammatory causes account for 20%, and nearly in 20% of 
dementia cases the cause remains unknown7.

Table 1. Etiology of young-onset dementia (according to Sampson et al.)5 

 

 

*potentially treatable cause 

Primary neurodegenerations 
Alzheimer's disease 
Frontotemporal lobar degeneration 
Dementia with Lewy bodies 
Multiple system atrophy 
Corticobasal degeneration 
Parkinson's disease 
Progressive supranuclear palsy 
 
Vascular cognitive impairment 
 
Prion 
Creutzfeldt-Jakob disease 
 
Inflammatory 
Vasculitis associated with systemic disorders* 
Primary angiitis of central nervous system* 
Neurosarcoidosis* 
Behçet's disease* 
Multiple sclerosis 
 
Neoplastic 
Tumours (especially frontal lobe)* 
 
Paraneoplastic 
Limbic encephalitis* 
 
‘‘Steroid-responsive’’ encephalopathies 
Hashimoto’s encephalopathy* 

Infections 
Tuberculosis/fungal/viral meningitis* 
HIV* 
Whipple’s disease 
Neuroborreliosis* 
Neurosyphilis* 
Subacute sclerosing panencephalitis 
Progressive multifocal leukoencephalopathy 
 
Endocrine and metabolic 
Endocrinopathies* 
Nutritional deficiency* 
Uraemia* 
Hepatic encephalopathy* 
Wilson’s disease* 
 
Epilepsy* 
 
Alcohol 
 
Toxic (carbon monoxide, lead, prescribed drugs) 
 
Post-irradiation 
 
Hydrocephalus* 
 
Chronic subdural haematoma* 
 
Obstructive sleep apnea* 

 

Table 1. Etiology of young-onset dementia (according to Sampson et al.)5
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A practical approach
The clinical assessment of a patient with dementia should be the 
same regardless of age. However, having a wide range of poten-
tially curable causes, a structured and more detailed approach is 
essential. The first step is to obtain a detailed history (the onset 
and course of the disease, initial symptoms, personality and 
mood changes, changes in everyday activities and lifestyle, for-
mer and present psychiatric diseases). That information should 
best be gathered from an informant who knows the patient well, 
because the information given by the patient is often not reliable. 
The following steps include a thorough general and neurological 
examination and neurocognitive assessment that may nar-
row the differential diagnosis1-5. Red flag clinical presentations 
that should alert neurologist to perform cognitive screening 
in middle-aged people are: treatment-resistant depression or 
anxiety, especially if there are subjective cognitive complaints; 
patients presenting with memory or other cognitive problems, 
especially with positive family history of young onset dementia; 
concern about the patient’s cognition from close family member; 
behaviour changes inconsistent with the premorbid personality; 
5 or more years of heavy alcohol or substance abuse; HIV-posi-
tive status; progression of neurological problems; family history 
of YOD and chronic systemic disease known to cause dementia1.

Pattern of the cognitive deficit
YOD may often initially be presented with non-amnestic defi-
cits, which can be missed with routine screening tests (e.g. Mini 
Mental State Examination (MMSE)8, already validated for Croa-
tian population9); therefore, a thorough cognitive assessment 
with evaluation of each cognitive domain (i.e. memory, speech, 
executive and perceptual functions, praxia and other) is essential 
for detecting cognitive deficits and determining the exact pattern 
of cognitive dysfunction. Moreover, it is important to recognise 
different types of cognitive impairment within cognitive domain, 
e.g. in the memory domain, impairment of episodic memory, 
distinctive for AD, should be distinguished from semantic mem-
ory impairment, characteristic for semantic dementia (SD)10. 
The patient’s history (both acquired from the patient himself and 
people close to him) about everyday activities, changes in lifestyle 
and personality can direct to the pattern of cognitive deficit1-5.
A useful distinction between cortical and subcortical dementias 
can be made at the beginning of the evaluation. Patients with 
cortical dementias can differ in the pattern of cognitive impair-
ment early at the onset of symptoms (e.g. effortful, non-fluent 
speech in progressive non-fluent aphasia (PNFA), visuopercep-
tual and visuospatial deficits in posterior cortical atrophy (PCA) 
or loss of semantic knowledge in SD) with relative preservation 

Figure 1. Epidemiology of young-onset dementia (according to Harvey et al.)6
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of psychomotor speed. By contrast, subcortical dementias (e.g. 
brain small vessel disease, dementia involving basal ganglia) 
is characterised by profound slowing of psychomotor speed11, 
executive dysfunction, and impairment of memory retrieval (free 
recall) with preservation of guided memory retrieval (cued recall) 
and is commonly accompanied by additional neurological and/
or systematic features (motor weakness, sensory loss, changes in 
myotatic reflexes etc.).
Low score on verbal fluency test (the patient is asked to name as 
many words starting with an assigned letter in given time) might 
be a useful non-specific indicator of cognitive dysfunction12 and 
can additionally narrow the differential diagnosis13.
Episodic memory impairment, besides in AD, can be a dominant 
feature of temporal lobe epilepsy, limbic encephalitis, paraneo-
plastic syndrome, autoimmune connective tissue diseases etc. Pa-
rietal (visuospatial or visuoperceptual deficits, dyslexia, dysgraph-
ia, dyscalculia, or apraxia) or occipital (visual disorientation and 
impaired early visual processing) dysfunction is typical of PCA, 
but can also occur in patients suffering from DLBD, corticobasal 
degeneration (CBD), or prion disease. Prominent frontal deficits 
(executive dysfunction, personality change, disinhibition, apathy, 
lack of empathy, rigid thinking, obsessive-compulsive behaviour 
and development of sweet cravings) are characteristic features 
of frontotemporal variant of frontotemporal lobar degeneration 
(fvFTLD), but may also occur in AD, VCI, progressive supra-
nuclear palsy (PSP), Huntington’s disease (HD) and in some 
rare metabolic and inherited diseases which affect frontal white 
matter or basal ganglia. Problems with speech production (with 
phonemic and grammatical errors) typically occur in PNFA, but 
can also be seen in CBD, PSP and AD, while trouble with nam-
ing and understanding meaning of spoken words is suggestive of 
SD4.

Psychiatric evaluation
Every patient with cognitive impairment should undergo a thor-
ough evaluation of psychiatric symptoms (changes in behaviour, 
delusions and hallucinations, mood changes, neurovegetative 
disorders or personality changes). Behavioural symptoms are 
a characteristic initial sign of fvFTLD when the MMSE score 
may be normal. Some dementias can initially be presented with 
delusions (false belief that is against the reality) and hallucina-
tions (DLBD)1-5. Depressive mood swings as well as depression 
are common in patients suffering from dementia. Other signifi-
cant psychiatric disorders are sleep disturbances (hyposomnia, 
hypersomnia, the day-night cycle reversal, REM sleep behaviour 
disorder in patients with DLBD etc.) and changes in sexual 
behaviour. A craving for sweets is a typical sign of fvFTLD10.
Observing the patient’s behaviour during the examination can 
also be very useful, e.g. psychomotor slowing in patients with 
subcortical syndrome, impulsive behaviour and disinhibition in 
patients with frontal cortical syndrome. Additionally, patients 

with AD preserve the social appearance, but, during the inter-
view, often they tend to turn to their partner to answer the ques-
tions (the “head turning” sign)10.

Neurological examination
Many of the YODs are accompanied with additional neuro-
logical and/or systemic features (dementia plus syndromes). 
Therefore, careful neurological examination is essential in YOD 
(compared to late onset forms) to narrow possible differential 
diagnosis. Although isolated cognitive decline is characteristic for 
AD and FTLD, in YOD the early stage of AD can be accompa-
nied with fine myoclonus14, while FTLD can be presented with 
fasciculations mostly restricted to the deltoid and triceps muscles 
as well as positive primitive reflexes15. The presence of parkinso-
nian symptoms may suggest Parkinson’s disease (PD), DLBD, 
but also other aetiologies such as VCI, PSP, CBD, prion disease, 
HD, Wilson’s disease, neuroacanthocytosis, neurosyphilis, spi-
nocerebellar ataxia (SCA) and other4. Ataxia may occur in VCI, 
vitamin B12 or vitamin E deficiency, exposure to toxins, espe-
cially alcohol, paraneoplastic syndrome, multiple sclerosis (MS), 
coeliac disease, Wilson’s disease, prion disease, SCA and other. 
Pyramidal signs may suggest VCI, MS, vitamin B12 deficiency, 
SCA, mitochondrial or prion disease, neurosyphilis, and other. 
Dystonia and choreoathetosis may suggest HD, CBD, Wilson’s 
disease, prion disease, SCA, dentatorubral-pallidoluysian atrophy 
(DRPLA), and other. „Alien limb“ phenomenon is characteristic 
for CBD, but can also occur in neurosyphilis16. Various different 
ophthalmologic manifestations may occur: retinitis pigmentosa 
suggests mitochondrial disorders; optic atrophy or macular 
degeneration occurs in MS, neurosarcoidosis, vitamin B12 defi-
ciency; retinal microangiopathy is common in diabetes mellitus 
and hypertension (which are risk factors for developing VCI) and 
in vasculitis; supranuclear palsy or gaze palsy suggest PSP, CBD, 
mitochondrial disorders; Kayser-Fleicher ring is a pathognomic 
sign for Wilson’s disease; infection and dryness of the eyes sug-
gest autoimmune connective tissue disease. Seizures may occur 
in AD and VCI or may be a result of a former stroke4. Marche a 
petit pas, i.e., parkinsonism affecting lower limbs accompanied 
with parkinsonian gait (small shuffling steps), with upright 
stance and normal arm swing, is a characteristic of cerebral small 
vessel disease. The classic Hakim’s triad (gait disturbance, urinary 
incontinence, and cognitive decline) is typical for normal pres-
sure hydrocephalus4.

General examination
YOD are more often accompanied with additional systemic 
features (dementia plus syndromes). Certain findings, signs, 
symptoms, and information from patient’s history can indicate 
the aetiology of YOD. Thus, examination of the fundi and blood 
pressure are essential for recognition of vascular disease and 
vascular risk factors. When suspecting paraneoplastic syndrome, 
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breasts, testes, and other potential cancer sites should be exam-
ined. Skin findings may suggest an underlying vasculitis or con-
nective tissue disorder. Cardiac patients (especially patients with 
arrhythmias or patients who have recovered from a heart attack) 
have a higher risk for developing VCI. Some conditions like 
Whipple’s disease or coeliac disease manifest with gastrointesti-
nal disturbance. Liver disease can also lead to cognitive decline 
(subacute haptic encephalopathy)1-5,17.

Neuropsychological assessment
Neuropsychological evaluation is essential in majority of patient 
with YOD. Validated psychological tests enable an objective 
and quantitative insight of the extent and pattern of cognitive 
impairment in an affected subject1-5. Due to their high sensitiv-
ity, neuropsychological tests enable recognition of the cognitive 
decline in the early stages of the disease when screening tests are 
still deficient. Furthermore, neuropsychological tests can evaluate 
the patient’s premorbid functioning, while repeated assessments 
can help monitor the progression/recovery of cognitive defi-
cits1-5,10,12.

Further investigations
The approach to patients suffering from dementia, regardless 
of age, should at the beginning be directed towards recognising 
treatable causes (marked with asterisks in Table 1.)5. In YOD, 
this is of the utmost importance because, in this age group 
potentially reversible causes are more frequent1-5. Furthermore, 
wider differential diagnosis in younger patients requires more 
detailed evaluation. As it is impossible to define an unique diag-
nostic schema, every patient should be approached with an indi-
vidual plan based on the patient’s history, symptoms and findings 
(e.g. evident inherited component requires genotyping early in 
assessment; rapidly progressive dementia or signs of systemic 
disease urge a serum antibody screen, i.e., a screen for autoanti-
bodies, antineural antibodies or antibodies associated with limbic 
encephalitis). According to the American Academy of Neurology 
and European Federation of Neurological Societies every patient 
with YOD should undergo neuroimaging (preferably brain MRI) 
and cerebrospinal fluid (CSF) examination3.4,18,20. Additional 
not frequently used tests (e.g genetic testing, metabolic profil-
ing, testing the activity of white cell enzymes and tissue biopsy) 
should be considered only in specific cases. Despite extensive 
evaluation, the aetiology in YOD often remains unknown even 
in specialized memory clinics. Those patients should be moni-
tored and frequently re-evaluated. 
MRI is the first line diagnostic procedure in YOD. In primary 
neurodegenerative dementias it can show specific localized dis-
tribution of cortical atrophy (e.g. left temporal lobe atrophy in 
SD (Fig. 2), posterior lobe atrophy in PCA (Fig. 3), frontal lobe 

 

 

Figure 2. Brain MRI scan of a 64-year-old patient with semantic dementia showing 
predominant left temporal lobe atrophy. Coronal view.

Figure 3. Brain MRI scan of a 66-year-old patient with posterior cortical atrophy 
showing predominant parietal lobe atrophy. Axial view.
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atrophy in fvFTLD etc.). It may also enable quantitative (using 
volumetric MRI) and semiquantitative (using different scales, 
such as Scheltens scale21) assessment of degree of atrophy (e.g. 
assessment of hippocampal atrophy in AD patients) with the 
possibility of monitoring of progression1-5.
Genetic testing can be done to confirm primary neurodegenera-
tive dementias (e.g. mutations in amyloid precursor protein gene 
(APP) and presenilin genes (PSEN1 and PSEN2) in AD or muta-
tions in MAPT, GRN and C9orf72 genes in FTLD syndrome22). 
Nowadays, genetic testing for most primary neurodegenerative 
diseases are available for in Croatia. Due to high costs of geno-
typing and presence of many mutations, for some aetiologies, 
it is still preferable to establish the diagnosis on the basis of a 
metabolic profile (e.g. increased copper excretion and low cerulo-
plasmin in Wilson’s disease) or direct enzyme assay in leukocytes 
in metabolic disorders presented in adulthood3-4.
Metabolic and molecular brain imaging (especially positron 
emission tomography (PET) using different ligands such as 
fluorodeoxyglucose (FDG) or Pittsburgh B compound (PiB)) 
have an important role in the assessment of highly selected 
patients with YOD, and it is available only in highly specialized 
centres. In patients with AD temporo-parietal hypometabolism 
(and hypoperfusion) can be found on FDG PET (and SPECT) 
imaging of the brain, but this is rarely of greater ancillary value 
comparing to MRI finding of hippocampal atrophy alone3. By 
contrast, hypometabolism on FDG PET may be seen in patients 
with fvFTLD even before MRI shows signs of atrophy3. PET 
imaging with PiB can show in vivo the presence of cerebral amy-
loid depositions in patients with AD and amyloid angiopathy3-4. 
Currently, all these methods are available in Croatia. Costs of 
PET imaging with PiB tracer is covered by health insurance, but 
only for selected patients with YOD. 
In suspicion of paraneoplastic syndromes, the whole-body PET 
scan might be needed in order to detect primary tumour1-5. 
Electroencephalography (EEG) is of value in various encepha-
lopathies, prion diseases and subacute sclerosing panencephalitis 
(showing characteristic changes of periodic complexes)3-4. Early 
slowing or loss of alpha rhythm is a feature of AD, in contrast to 
FTLD, where the alpha rhythm is relatively preserved3.

Examination of the CSF can exclude inflammatory and infec-
tious processes in the central nervous system. In the last decade 
lots of biomarkers emerged that are valuable ancillary tests for 
confirmation of the diagnosis of dementia (e.g. the presence of 
14-3-3 protein with very high concentrations of tau protein is 
supportive of a diagnosis of Creutzfeldt-Jakob disease (CJD); 
decreased amyloid β1-42 and increased phosphorylated and total 
tau proteins have good sensitivity and specificity for AD and are 
also predictive for conversion of mild cognitive impairment to 
AD)3,18-20. Thus, lumbar puncture and measuring three afore-
mentioned CSF biomarkers (amyloid β1-42, phosphorylated and 
total tau proteins) is included in recommendations for diagnos-
ing of all stages of AD (presymptomatic, mild cognitive impair-
ment and overt dementia) from the National Institute on Aging 
and the Alzheimer’s Association workgroup18-20 Currently, CSF 
biomarkers for AD are available in Croatia. Biomarkers for other 
neurodegenerative diseases are still in the research phase.
At the end, tissue biopsy might be needed to establish the 
diagnosis in rare situations (e.g. skin biopsy when suspecting 
Cerebral Autosomal Dominant Arteriopathy with Sub-cortical 
Infarcts and Leukoencephalopathy (CADASIL), muscle biopsy 
including histochemistry and respiratory enzyme analysis can 
confirm a mitochondrial disorder, tonsillar biopsy in patients 
with suspected variant CJD23, brain biopsy when suspecting cer-
ebral vasculitis24, small bowel biopsy for confirming the diagnosis 
of Whipple’s or coeliac disease etc.)1-5. 

Conclusion
YODs have much wider range of different aetiologies. In contrast 
to LODs, treatable causes and positive inherited background 
are more common in YOD. Atypical presentations of common 
degenerative dementias are more frequent then in LOD. There-
fore, routine cognitive evaluation using standard screening tests 
(e.g. MMSE) is usually insufficient, since non-amnestic deficits, 
more often found in these patients can easily be missed. There-
fore, a thorough neurocognitive assessment and a structured and 
rational diagnostic approach is mandatory to ensure early treat-
ment and prevent progression of the disease.
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Abstract:
Brainstem syndromes and their eponyms are well known and numerous, but represent only a drop in 
the ocean of approximately 450 neurological eponyms. Unlike these “human” eponyms dedicated to 
famous neurologists, “numerical” eponyms that describe various disorders at the anatomical level of the 
brainstem, are less known and are rarely used in clinical practice. In this short review, we will give an 
overview of “human” eponyms and present in more detail the “numerical” eponyms related to brain-
stem syndromes. The availability of sophisticated neuroradiological and other diagnostics methods can-
not replace the importance of neurological examination nor diminish the joy of the neurologist when 
recognizing a set of signs named after an eponym, or to describe a new one. In any case, neurology is a 
joy and valuable opportunity for lifelong learning, but also for contribution to continuously growing 
knowledge about the hidden universe in our nervous system.

Keywords: eponyms, brainstem, neurology, signs and symptoms

Sažetak:
Koliko je sati? Brojčani eponimi i sindromi moždanog debla
Sindromi moždanog debla i njihovi eponimi dobro su poznati i brojni, ali predstavljaju samo kap u 
moru od približno 450 neuroloških eponima. Za razliku od ovih „humanih” eponima posvećenih 
poznatim neurolozima, “numerički” eponimi koji opisuju razne poremećaje na anatomskoj razini 
moždanog debla, manje su poznati i rijetko se koriste u kliničkoj praksi. U ovom kratkom osvrtu dati 
ćemo pregled “humanih” eponima i detaljnije prikazati “numeričke” eponime povezane sa sindro-
mima moždanog debla. Dostupnost sofisticiranih neuroradioloških i drugih dijagnostičkih metoda 
ne može zamijeniti važnost neurološkog pregleda niti umanjiti radost neurologa kada prepoznaju bilo 
koji od ovih sindroma ili opišu novi. U svakom slučaju, neurologija je radost i dragocjena prilika za 
cjeloživotno učenje, ali i za doprinos kontinuirano rastućem znanju o skrivenom svemiru u našem 
živčanom sustavu.

Ključne riječi: eponimi, moždano deblo, neurologija, znakovi i simptomi
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Brainstem syndromes and their eponyms are well known and 
numerous, but represent only a drop in the ocean of approxi-
mately 450 neurological eponyms. Their application throughout 
history is a consequence of the development of neurological 
propaedeutics and consequently topical diagnostics long before 
the development of neuroimaging techniques. A precise and 
focused anamnestic data joined with neurological examination, 
even before the era of modern diagnostic tools, results in the 
identification of various clinical symptoms and signs. The sum of 
these symptoms and signs leads to the precise localization of the 
nervous system damage or dysfunction. 
Unlike these “human” eponyms dedicated to famous neurolo-
gists, “numerical” eponyms that describe various disorders at the 
anatomical level of the brainstem, are less known and are rarely 
used in clinical practice. In this short review, we will give an 
overview of “human” eponyms and present in more detail the 
“numerical” eponyms related to brainstem syndromes. In litera-
ture we can find 24 brainstem syndromes that carry „human“ 
eponyms and additional 4 that do not have eponyme. Among 
the syndromes that are named by eponyms are: 4 mesencephalic 
syndromes (Claude1, Benedict2, Nothnagel3, Weber4), 9 pontine 
(Brissaud-Sicard5, Gasperini6, Gellé7, Grenet8, Foville9, Marie-
Foix10, Raymond11, Raymond-Cestan12, Millard-Gubler13-14) and 
11 medulla oblongata related syndromes (Avellis15, Babinski-Na-
geotte16, Cestane-Chenais17, Reinhold18, Jackson19, Wallenberg20, 
Dejerine21, Schmidt22, Spiller23, Tapia24, Vernet25). Syndromes 
that do not carry eponyms are: “facial colliculus”26, “locked-in”27, 
“top of the basilar”28 and Ondine curse29. 
The first described brainstem syndrome with a “human” eponym 
dates from 1856 (Millard and Gubler) 13-14, and the last from 
1922 (Marie, Foix, Alajouanine)10. 10. This period of the second 
half of the 19th and the beginning of the 20th century is also the 
time of the renaissance of European, primarily French neurology.
The causes of these syndromes are most often vascular (ischemic 
and hemorrhagic strokes), demyelinating disease, and much less 
common brainstem neoplasms or inflammatory processes (bacte-
rial, viral, fungal, or granulomatous inflammation).
Brainstem syndromes with „numerical eponyms“ 

Clinical features of these syndromes are shown in Table 1.

“Half and half” syndrome
Randhawa et al.30 described a patient with left-side internuclear 
ophtalmoplegia (INO) (the “half ”) and moderate underaction 
of abduction (the “half ”) in the left eye caused by focal haemor-
rhagic lesion in the floor of the aqueduct in the region of the 
dorsal pons with consequent lesion of the left medial longitudi-
nal fasciculus (MLF) and the CN VI fasciculus (sparing the CN 
VI nucleus). The result is “half and half ” syndrome (0,5+0,5).

One-and-a-half syndrome
The “one-and-a-half ” syndrome is disturbance of horizontal eye 
movements in which patients have lateral gaze palsy in one direc-

tion, and INO in the other direction. This syndrome is caused by 
damage of the pontine tegmentum: the MLF, the ipsilateral para-
median pontine reticular formation (RF) or the ipsilateral CN 
VI nucleus. Multiple sclerosis, brainstem infarction or tumors 
are the most common causes. It means that one eye cannot move 
laterally at all (the „one“), and the other can move only in out-
ward direction (the „half“). This is a combination of conjugate 
horizontal gaze palsy in one direction and INO in the other31. 

The result is “one-and-a-half ” syndrome (1+0,5=1,5).

Seven-and-a-half syndrome
Sadaka et al.32 described a case of a patient with right INO (the 
„half“) and ipsilateral peripheral CN VII palsy (the „seven“) 
caused by small localized right hemipons infarct involving CN 
VII motor nucleus and facial genu as well as the right MLF. 
They introduced „seven-and-a-half“ syndrome as a new clinico-
radiologic syndrome. The result is “seven-and-a-half ” syndrome 
(0,5+7=7,5).

Eight-and-a-half syndrome
Duffy et al.33 described patient with “one-and-a-half ” syndrome 
(combination of conjugate horizontal gaze palsy in one direc-
tion and INO in the other) (the „one-and-a-half“) and ipsilateral 
peripheral CN VII palsy (the “seven”). This clinical findings are 
called “eight-and-a-half ” syndrome. It is caused by damage of 
the dorzal tegmentum of the caudal pons in the region of the 
facial colliculus. The lesion is unilateral at the midpontine level 
with damage to both the paramedian pontine RF and MLF. 
These structures are intimiately related to the CN VII nucleus 
and intraaxial fasciculus of the CN VII. Brainstem infarction, 
and hemorrhage or demyelination lesion are the most common 
causes. When this occurs, a “one-and-a-half ” syndrome plus a 
CN VII palsy, it is termed an “eight-and-a-half ” syndrome. The 
result is “eight-and-a-half ” syndrome (1,5+7=8,5).

Nine syndrome
Mahale et al.34 described two patients with „nine“ syndrome. 
They present clinical features of the „eight-and-a-half“ syndrome: 
“One-and-a-half ” syndrome (combination of conjugate horizon-
tal gaze palsy in one direction and INO in the other) (the „one-
and-a-half“) and ipsilateral peripheral CN VII palsy (the “seven”) 
associated with hemiataxia (the “half ”). The first patient had left 
“eight-and-a-half ” syndrome due to caudal pontine tegmental 
demyelinating lesion with involvement of inferior cerebellar 
peduncle responsible for left hemiataxia, and the second patient 
had right “eight-and-a-half ” syndrome due to bleeding in the 
right caudal pontine tegmentum with extension into midbrain 
tegmentum/red nucleus responsible for contralateral hemiataxia. 
The result is “nine” syndrome (1,5+7+0,5=9).
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Table 1. Summary of the brainstem syndromes („numerical eponyms“)

Syndrome Signs and symptoms

Half  and half syndrome internuclear ophthalmoplegia (INO) (the “half ”) and ipsilateral CN VI 
palsy (the “half ”): 0,5+0,5

One-and-a-half syndrome ipsilateral conjugate gaze palsy (the “one”) and  INO (the “half ”): 
1+0,5=1,5

Seventh-and-a-half syndrome ipsilateral INO (the „half“); and peripheral CN VII palsy (the „seven“): 
0,5+7=7,5

Eight-and-a-half syndrome ipsilateral conjugate horizontal gaze palsy (the “one”); and ipsilateral 
(INO) (the “half ”); and  ipsilateral peripheral CN VII palsy (the “seven”): 
1+0,5+7=8,5

Nine syndrome one and a half syndrome (the „one and a half“); and an ipsilateral periph-
eral CN VII palsy („the seven“); and contralateral 
hemiparesis, hemihypesthesia or hemiataxia (the „half“): 1,5+7+0,5=9

Thirteen-and-a-half syndrome ipsilateral conjugate horizontal gaze palsy (the “one”); and an ipsilateral 
INO (the “half ”); and an ipsilateral peripheral CN VII palsy (the “seven”); 
and an ipsilateral CN V palsy (the “five”): 1+0,5+7+5=13,5

Fifteen-and-a-half syndrome ipsilateral conjugate gaze palsy (the “one”); and an INO (the “half ”); and 
bilateral peripheral CN VII palsy (the “fourteen”): 1,5+(2x7)=15,5.

Sixteen syndrome ipsilateral conjugate gaze palsy (the “one”); and an INO (the “half ”); 
and bilateral CN VII palsy (the “fourteen”); and partial hemiparesis (the 
“half ”): 1+0,5+(2x7)+0,5=16

Sixteen‐and‐a‐half syndrome ipsilateral conjugate horizontal gaze palsy (the “one”); and an ipsilateral 
INO (the “half ”); and an ipsilateral peripheral CN VII palsy (the “sev-
en”); and an impaired ipsilateral auditory nerve (CN VIII) (the “eight”): 
1+0,5+7+8=16,5

Twenty-and-a-half syndrome ipsilateral conjugate gaze palsy (the “one”); and an INO (the “half ”); and 
bilateral CN VII palsy (the “fourteen”); and an unilateral CN V palsy (the 
“fifth”): 1+0,5+(2x7)+5=20,5

Twenty-four syndrome bilateral facial palsy (the “fourteen”); and bilateral horizontal gaze palsy (the 
“two”); and contralateral sensorineural hearing loss (CN VIII) (the “eight”): 
(2x7)+(2x1)+8=24

Twenty-four-and-a-half syndrome ipsilateral conjugate gaze palsy (the “one”); and an INO (the “half ”); and 
an ipsilateral CN VII palsy (the “seven”); and bilateral CN VIII palsy (the 
“sixteen”): 1+0,5+7+(2x8)=24,5

Abbreviations: INO – internuclear ophtalmoplegia; CN – cranial nerve
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Thirteen-and-a-half syndrome
Allbon et al.35 described patient with “eight-and-a-half ” syn-
drome, including “one-and-a-half ” syndrome - combination of 
conjugate horizontal gaze palsy in one direction and INO in the 
other (the „one-and-a-half“) and ipsilateral peripheral CN VII 
palsy (the “seven”) associated with an ipsilateral CN V palsy (the 
“five”) because of a post-transplant lymphoproliferative disorder. 
When this occurs, a “one-and-a-half ” syndrome plus CN VII 
palsy, and ipsilateral CN V palsy it is termed as “thirteen-and-
a-half ” syndrome. The result is “thirteen-and-a-half ” syndrome 
(1,5+7+5=13.5).

Fifteen-and-a-half syndrome 
Bae et Song36 first described “fifteen-and-a-half ” syndrome, in-
cluding “one-and-a-half ” syndrome - combination of conjugate 
horizontal gaze palsy in one direction and INO in the other (the 
„one-and-a-half“) and bilateral CN VII palsy (the “fourteen”). 
The dorsal tegmentum of the caudal pons including the MLF, 
the paramedian pontine RF, CN VI nucleus, and the adjacent 
CN VII is the anatomical basis of this rare syndrome. The result 
is “fifteen-and-a-half ” syndrome (1,5+(2x7)=15,5).

Sixteen syndrome
Li et al.37 first described “sixteen” syndrome, including “one-
and-a-half ” syndrome – combination of conjugate horizontal 
gaze palsy in one direction and INO in the other (the “one-and-
a-half ”), bilateral CN VII palsy (the “fourteen”), and partial 
hemiparesis (the “half ”). In this case, the axons of internuclear 
neurons from the CN VI nucleus were affected nearly as they 
passed through the midline in the MLF rising up to the level of 
the CN III subnucleus that controls the medial rectus. The result 
is “sixteen” syndrome (1,5+(2x7)+0,5=16).

Sixteen-and-a-half syndrome 
Borgman and Jackson38 described a case of “sixteen-and-a-half ” 
syndrome, including “one-and-a-half ” syndrome – combination 
of conjugate horizontal gaze palsy in one direction and INO in 
the other (the “one-and-a-half ”), ipsilateral CN VII palsy (the 
“seven”), and sensorineural hearing impairment consistent with 
CN VIII involvement (the “eight”). The syndrome is caused by 
ischemic lesion of the dorsal tegmentum of the caudal pons. The 
result is “sixteen-and-a-half ” syndrome (1,5+7+8=16,5).

Twenty-and-a-half syndrome
Dube et al.39 described a case of “twenty-and-a-half ” syndrome, 
including “one-and-a-half ” syndrome – combination of conju-
gate horizontal gaze palsy in one direction and INO in the other 
(the “one-and-a-half ”), bilateral CN VII palsy (the “fourteen”) 
and CN V palsy (the “five”). The syndrome is caused by ischemic 
lesion of right posterolateral aspect of pons and medulla. The 
result is “twenty-and-a-half ” syndrome (1,5+(2x7)+5=20,5).

Twenty-four syndrome
Karadan et al.40 described a case of “twenty-four” syndrome, 
including “one-and-a-half ” syndrome – combination of con-
jugate horizontal gaze palsy in one direction and INO in the 
other (the “one-and-a-half ”), bilateral CN VII palsy (the “four-
teen”), contralateral sensorineural hearing loss (CN VIII) (the 
“eight”) and hemiparesis (the “half ”). The syndrome is caused 
by pontine hemorrhage. The result is “twenty-four” syndrome 
(1,5+(2x7)+8+0,5=24).

Twenty-four-and-a-half syndrome
Man et al.41 described a case of “twenty-four-and-a-half ” syn-
drome, including “one-and-a-half ” syndrome – combination 
of conjugate horizontal gaze palsy in one direction and INO in 
the other (the “one-and-a-half ”), ipsilateral CN VII palsy (the 
“seven”), contralateral hemifacial spasm and ataxia, and bilateral 
hearing loss (CN VIII) (the “sixteen”). The syndrome is caused 
by pontine cavernoma with perilesional oedema. The result is 
“twenty-four-and-a-half ” syndrome (1,5+7+(2x8)=24,5).
Theoretical knowledge and clinical experience in neurological 
propaedeutics and its neuroanatomical background is crucial in 
recognizing the localization of a brainstem lesion and diagnosing 
these “human” or “numerical” brainstem syndromes. Personally, 
we prefer “human” eponyms of brainstem syndrome because 
behind each of them lies an interesting story related to their 
origin and the work of top neurologists who described them 
based on their clinical observations, without the use of, at that 
time, unavailable supportive diagnostic methods. If we take into 
account all possible numerous combinations of clinical signs and 
symptoms caused by brainstem lesions still not described in clini-
cal practice, we could expect future reports and papers describing 
new “numerical” syndromes. Perhaps, someone in the future, 
will describe the case of „seventy-eight“ syndrome with unilateral 
affection of all 12 CN (result: 1 + 2 + 3 + 4 + 5 + 6 + 7 + 8 + 9 
+ 10 + 11 + 12 = 78) caused by Garcin’s (hemibase) syndrome. 
Eponyms in neurology are the result of skilful neurological 
examination and knowledge about the neuroanatomical basis of 
neurological symptoms and signs. The eponyms are a valuable 
thread that begins in the past and leads us through the present 
to the future. The availability of sophisticated neuroradiological 
and other diagnostics methods cannot replace the importance of 
neurological examination nor diminish the joy of the neurologist 
when recognizing a set of signs named after an eponym, or to 
describe a new one. In any case, neurology is a joy and valuable 
opportunity for lifelong learning, but also for contribution to 
continuously growing knowledge about the hidden universe in 
our nervous system.
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Abstract:
Eponyms are numerous in neurology. It is estimated that there are about 450 „human” eponyms com-
monly used by neurologists, neuroradiologists and neuroscientists. In this short review we describe 
36 „animal“ eponyms and 42 „animal“ clinical signs often used in neurology. If we take into account 
the continuous creativity of neurologists and neuroradiologists in finding animal eponyms, it is to be 
expected that this list will continue in the future.

Keywords: eponyms, animals, neurology, signs and symptoms

Sažetak:
Neurološki Zoo
Eponimi su brojni u neurologiji. Procjenuje se da neurolozi, neuroradiolozi i neuroznanstvenici 
koriste oko 450 „humanih“ eponima. U ovom kratkom preglednom radu opisujemo 36 „životinjskih“ 
eponima i 42 „životinjska“ klinička znaka koja se često koriste u neurologiji. Poznavajući maštovitost 
neurologa i neuroradiologa za očekivati je nove eponime u budućnosti tako da i ovaj popis životinjskih 
eponima nije konačan. 

Ključne riječi: eponimi, životinje, neurologija, znakovi i simptomi
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Eponyms (Greek eponymon = the name of the god or hero after 
whom something is named) are numerous in medicine and refer 
to the names of various significant persons from the history 
of medicine who have described certain clinical entities, signs, 
symptoms. Some of the eponyms are well known to the general 
population (Alzheimer’s, Parkinson’s), while others are known 
only to experts in certain fields of medicine. Neurology is known 
for its numerous eponyms. It is estimated that there are about 
450 “human” neurological eponyms. The reason for such a large 
number of eponyms in neurology probably lies in the fact that a 

detailed neurological examination allows a topical diagnosis, that 
could, by recording various clinical symptoms and signs, accu-
rately localize the lesion in the nervous system. This is especially 
characteristic of neurologists of the 19th and first half of the 20th 
century, when neurological propaedeutics was brought to perfec-
tion. Unfortunately, with the development of neuroimaging 
methods, the technique of neurological examination is becom-
ing increasingly insufficient in everyday clinical practice. In this 
paper, inspired by the article by Beh et al. on the same topic1, we 
present an overview of “animal” eponyms in neurology.

Table 1. Summary of animal eponyms in neurology

__________________________________________________________________________________

ANIMAL   SIGN/SYMPTOM    DISEASE

__________________________________________________________________________________

LION-MOUSE  LEONINE-MOUSE SY.     CLUSTER HEADACHE

LION   FACIES LEONTINA    LEPROSY

BUTTERFLY  BUTTERFLY/SCHMETTERLING TUMOR GBM

MOTH   „MOTH-EATEN APPEREANCE IN BONE“ MULTIPLE MYELOMA

STORK   STORK LEGS     CMT POLYNEUROPATHY

RACCOON  RACCOON EYES    BASILAR SKULL FRACTURE

PANDA   PANDA EYES     BASILAR SKULL FRACTURE

FACE OF THE GIANT PANDA SIGN  WILSON’S DISEASE

ANT   FORMICATION     POLYNEUROPATHY

MEDUSA  CAPUT MEDUSAE SIGN   DVA

COCK   COCK GAIT     PERONEAL NERVE PALSY

ZEBRA   ZEBRA SIGN     CEREBELLAR HEMORRHAGE

SEAHORSE  HIPPOCAMPUS     LIMBIC SYSTEM

CHAMELEON  CHAMELEON/FLY CATCHER TONGUE  HUNTINGTON’S DISEASE

MONKEY  APE-LIKE HAND    CARPAL TUNNEL SYNDROME

MONKEY  MONKEY SIGN     CPM

OWL   OWL’S EYES SIGN    CPM

PIG   PIGLET SIGN     CPM

WORM   WORM LIKE MOVEMENT   ATHETOSIS

TIGER EYES-OF-THE-TIGER    HALLERVORDEN-SPATZ SY.   

        PSP

        CBD
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TIGER        TIGERSTRIPE APPEARANCE   LHERMITTE-DUCLOS DISEASE

LEOPARD LEOPARD SKIN SIGN    MLD

CROCODILE CROCODILE TEARS    BOGORAD SY. 

PENGUIN PENGUIN SIGN     PSP

HUMMINGBIRD HUMMINGBIRD SIGN    PSP

HORSE CAUDA EQUINA    CAUDA EQUINA SY. 

HORSE HORSESHOE SIGN    MS

SNAKE SERPIGINOUS VESSELS    AVM

BULL BULL’S EYE     TOXOPLASMOSIS

        LYME DISEASE

BUFFALO BUFFALO HUMP    CORTICOSTEROID SIDE 

        EFFECTS

COW MAD COW DISEASE    MAD COW DISEASE

OX STEER HORN SIGN    ACC

RABBIT RABBIT TREMOR    ANTIPSYCHOTICS SIDE

        EFFECTS

ELEPHANT ELEPHANT MAN    NF1

ELEPHANT DURAL (ELEPHANT) TAIL SIGN   MENINGEOMA

DUCK DUCK GAIT     PROXIMAL MYOPATHY

FLY MUSCAE VOLANTES    DVS

BIRD OF PREY CLAW LIKE HAND    ULNAR NERVE PALSY

BAT BAT WING SIGN    SY. JOUBERT

BIRD BIRD BEAK SIGN    SY. ARNOLD-CHIARI TYPE 2

FISH ICHTYOSIS („FISH SKIN“)   REFSUM DISEASE

__________________________________________________________________________________

Abbreviations: GBM – glioblastoma multiforme; CMT – Charcot-Marie-Tooth; DVA
developmental venous anomaly; CPM – central pontine myelinolysis; PSP – 
progressive supranuclear palsy; CBD – corticobasal degeneration; MLD – 
metachromatic leukodystrophy; MS – multiple sclerosis; AVM – arteriovenous
malformation; ACC – agenesis of corpus callosum; NF1 – neurofibromatosis type 1; 
DVS – degenerative vitreous syndrome

Table 1. (cont.)
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Lion and Mouse
Cluster headache (Horton’s headache) is characterized by uni-
lateral pain, primarily in the orbital area, but also in the su-
praorbital and temporal areas, that lasts 150-180 minutes if left 
untreated and occurs in attacks ranging in frequency from once 
every other day to eight times daily. The pain is accompanied 
by ipsilated injected conjunctiva, epiphora, nasal congestion, 
rhinorrhea, hyperhidrosis and redness of the forehead and face, 
feeling of fullness in the ear, miosis, ptosis, eyelid edema and 
agitation2. This type of headache is more frequently present in 
men. If there is a kind of constitutional predisposition for cluster 
headache, it probably includes “macho” appearance (athletic 
build, black complexion, thickened facial skin with pronounced 
furrows) while mentally such people are structured as ambi-
tious and diligent. This physical-mental structure is also called 
“leonine-mouse” (lion-mouse) syndrome, which indicates that 
these are sensitive people with a rougher appearance, or mice in 
the body of a lion3.

Lion
Leprosy (Hansen’s disease) is a chronic infection caused by the 
acid-resistant bacillus Mycobacterium leprae, which shows a 
unique tropism for peripheral nerves, skin and mucous mem-
branes. It causes countless symptoms, but from the neurologi-
cal point of view, the most interesting is painless peripheral 
neuropathy. It is not just a biblical plague because the disease is 
still present in endemic hotspots around the world, from Asia, 
Africa, Mexico, South and Central America. Changes on the skin 
of the face such as macules, papules, nodules or plaques, usually 
symmetrical distributions, give these patients a characteristic ap-
pearance of the face like a lion (“facies leontina”)4.

Cock
“Cock gait” is characteristic and easily recognizable. People with 
weakness of dorsiflexion of the feet when walking first touch the 
toes, then the middle part of the sole and the heel, producing a 
characteristic sound of foot tapping from the ground. There are 
many possible causes of this disorder, from polyneuropathy of 
various genesis to trauma or external compression of the peroneal 
nerve in the segment of the knee, i.e. the head of the fibula5.

Raccoon
Bilateral, periorbital, posttraumatic hematomas are called “rac-
coon eyes” and this finding most often indicates a skull base 
fracture. This sign can occur 2-3 days after the trauma and can 
be associated with a positive Battle sign (mastoid ecchymosis)6.

Panda
Synonymous with “raccoon eyes” when breaking the base of the 
skull are “panda eyes”6.
The “face of the giant panda sign” in neuroimaging refers to the 
appearance of the midbrain, when the red nucleus and substantia 

nigra are surrounded by a high T2 signal in the tegmentum. This 
neuroradiological sign is typical of a disorder of copper metabo-
lism (Wilson’s disease)7.

Zebra
The “zebra sign” has been termed to describe the finding of layer-
ing of blood in amongst the folia of the cerebellum8.

Seahorse (lat. Hippocampus)
The hippocampus is part of the limbic system, and plays impor-
tant roles in the consolidation of information from short-term 
memory to long-term memory, and in spatial memory that 
enables navigation. In Alzheimer’s disease, the hippocampus is 
one of the first regions of the brain to suffer damage9. Damage to 
the hippocampus can also result from hypoxia, encephalitis, or 
medial temporal lobe epilepsy.

Chameleon
Huntington’s chorea is autosomally dominantly inherited disease 
and has a very characteristic clinical presentation with chorea 
and progressive cognitive decline. Diagnosis is established based 
on genetic testing, and therapy is only symptomatic. This disease 
is characterized by atrophy of the nucleus caudatus. Hunting-
ton’s disease is the result of a genetic mutation (the IT15 gene, 
which is located at the top of the short arm of chromosome 4 
and contains a number of CAG trinucleotides within its coding 
sequence). This gene encodes the protein huntingtin. The normal 
range of CAG trinucleotides in this sequence is 6-37, while in 
patients with Huntington’s chorea it is increased. The number of 
CAG copies can increase from generation to generation, leading 
to an increasingly severe phenotype of the disease in the same 
family – this is a phenomenon of anticipation. Even in the early 
stages of Huntington’s chorea, the Chameleon tongue sign is 
common and often goes unnoticed. The patient is not able to 
maintain the protrusion of the tongue for a while, since this 
action is constantly disturbed by involuntary movements of the 
head, torso and extremities10.

Monkey
Carpal tunnel syndrome is the most common focal compres-
sive mononeuropathy. Compression of the median nerve in the 
carpal tunnel leads to hypotrophy/atrophy of the tenar muscles 
(m.opponens pollicis and m.abductor pollicis brevis) and conse-
quent weakness of opposition and volar abduction of the thumb. 
The result of this disorder is the so-called “Ape-like hand,” in 
which the tenar and hypotenar bones are practically in the same 
plane as in the chimp hand11. This sign should not be confused 
with the simian palmar crease on the hand that can be seen in 
patients with Down syndrome.
Central pontine myelinolysis is a possible complication of sud-
den correction of blood hyponatremia. Changes in the pons are 
visible on MR. The T1-axial-weighted MR image shows the hy-
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pointense signal changes involving the transverse pontine fibers, 
with sparing of the corticospinal tracts, giving the appearance of 
the face of a monkey (“monkey sign”)12.

Owl
In central pontine myelinolysis, neuroradiologists sometimes 
describe an “owl’s eyes sign” where T2-axial-weighted MR images 
show the hyperintense signal changes involving the transverse 
pontine fibers, with sparring of the tracts12.

Pig
The “piglet sign” is seen in osmotic demyelination syndrome. 
It refers to the appearance of the upper pons in axial T2 and 
FLAIR images. The areas of coalescent T2 signal increase are 
reminiscent of a pig’s snout, with other features on axial MR im-
ages resembling the rest of the face of a piglet with the temporal 
lobes representing ears, the carotid arteries represent the eyes and 
the fourth ventricle as the mouth13.

Worm
Athetosis is characterized by “worm-shaped”, winding move-
ments, predominantly present in distal parts of the extremities. 
They are the opposite of hemibalism, explosive movements of 
the proximal parts of the extremities. Athetosis and chorea often 
occur together, so we are talking about choreoathetotic move-
ments. Chorea and athetosis are manifestations of dopaminergic 
hyperactivity in the basal ganglia14.

Ant
The term formication (“tingling”) is often used to describe the 
clinical problems of patients with polyneuropathy. It is a type 
of paresthesia, i.e. tactile hallucinations (the patient often has 
unpleasant sensations without real external stimuli)15.

Tiger
“Eyes-of-the-tiger” is a neuroradiological sign caused by reduced 
T2 signal on brain MR in the area of   the globus pallidus (due to 
iron accumulation) and a longitudinal striped zone of elevated 
signal due to gliosis and spongiosis, which can be seen in patients 
with Hallervorden-Spatz syndrome, progressive supranuclear 
palsy and corticobasal degeneration16.
“Tigerstripe appearance” is a characteristic alternating hypo and 
hyperintense bands on MRI in Lhermitte-Duclos disease. This is 
a rare cerebellar tumor appears like the coat of a tiger17.

Leopard
The “Leopard skin sign” results from dark-spots or stripes (spared 
perivascular white matter) within bright demyelinated periven-
tricular white matter on T2W images. It is characteristically seen 
in metachromatic leukodystrophy18.

Crocodile
Bogorad syndrome (according to F.A. Bogorad, a Russian neu-
rologist) is also known as the syndrome of “crocodile tears”, and 
characterized by residual facial paralysis with profuse lacrimation 
during eating. This phenomenon is also known as paroxysmal 
lacrimation or the gusto-lacrimal reflex. It is caused by a misdi-
rection of the regenerating autonomic fibers to the lacrimal gland 
instead of to the salivary gland19.

Stork
Charcot-Marie-Tooth neuropathy is one of the most common 
inherited neurological diseases and includes a clinically and 
genetically heterogeneous group of hereditary neuropathies. 
The clinical picture is manifested by involvement of the distal 
musculature with the progressive development of hypotrophy, 
areflexia and deformity of the foot. The most common symp-
toms are drooping foot, pes cavus, hammer deformity of the big 
toes, and hypotrophy and atrophy of the muscles of the lower leg 
and foot, with preserved muscles of the upper leg, which all lead 
to the characteristic appearance of “stork legs” or “champagne 
bottle legs”20.

Penguin and hummingbird
Progressive supranuclear palsy (Steele – Richardson – Olszewski 
syndrome) is characterized by paresis of vertical bulb movements, 
propensity to retropulsion, and frequent falls. Bulbar disorders 
and emotional incontinence are common. Characteristic is the 
MR finding showing a positive “hummingbird sign”, also known 
as the “penguin sign”. The atrophy of the midbrain results in a 
profile of the brainstem in which the preserved pons forms the 
body of the bird, and the atrophic midbrain the head, with beak 
extending anteriorly towards the optic chiasm21.

Jellyfish (Medusa)
The “caput medusae sign” refers to the developmental venous 
anomalies of the brain, where a number of veins drain centrally 
towards a single drain vein. The appearance is reminiscent of Me-
dusa, a gorgon of Greek mythology, who was encountered and 
defeated by Perseus. The sign is seen on both CT and MRI when 
contrast is administered. Angiographically the caput medusae 
appearance is seen only in the venous phase22.

Horse
Horsetail syndrome is a condition that occurs when the bundle 
of nerves below the end of the spinal cord known as the cauda 
equina is damaged. The clinical picture includes: severe back 
pain, saddle anesthesia, bladder and bowel dysfunction, sciatica-
type pain on one side or both sides, weakness of the muscles of 
the lower legs, Achilles reflex absent on both sides, sexual dys-
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function, absent anal reflex and gait disturbance. The manage-
ment of true cauda equina syndrome frequently involves urgent 
surgical decompression23.
The “horseshoe sign” or “open ring sign” is a relatively specific 
sign for demyelination, most commonly tumefactive multiple 
sclerosis, and is helpful in distinguishing between the causes of 
ring-enhancing lesions. The enhancing component is thought to 
represent the advancing front of demyelination and thus favors 
the white matter side of the lesion. The open part of the ring will 
therefore usually point towards the gray matter24.

Snake
Brain arteriovenous malformations are a type of intracranial 
high-flow vascular malformation that includes enlarged feed-
ing arteries, a nidus of vessels closely associated with the brain 
parenchyma through which arteriovenous shunting occurs, and 
draining veins25. The “serpiginous“ (snake-like) course of blood 
vessels is typical of these malformations.

Bull
Erythema migrans is a rash characteristic of Lyme disease (bor-
reliosis). The rash occurs at the site of a tick bite, usually after 
7-10 days and spontaneously fades during 3-4 weeks. It is often 
round or oval in appearance, with a central darker and peripheral 
lighter zone and resembles a shooting target or “bull’s eye”26. 
Neuroborreliosis should be ruled out in all patients with demy-
elinating changes in the CNS.
Cerebral toxoplasmosis, is an opportunistic infection caused by 
the parasite Toxoplasma gondii. It typically affects patients with 
HIV / AIDS and is the most common cause of cerebral abscess 
in these patients. Brain MRI (T2 sequence) shows a concentric 
target sign or “bull’s eye” sign27.

Buffalo
Neurologists are among the most common prescribers of cor-
ticosteroids and therefore well aware of the side effects of their 
long-term use. Corticosteroid-induced lipodystrophy (CIL) is 
a condition of abnormal fat deposition (distribution) caused 
by corticosteroid medications. Fat accumulates in the facial 
area (“moon face”), dorsocervical region (“buffalo hump”), and 
abdominal area with a characteristic centripetal type of fat tissue 
distribution28.

Cow
Creutzfeldt-Jakob disease is a rare, degenerative disease of the 
human brain caused by prions. If it occurs in cattle, it is called 
bovine spongiform encephalopathy or “mad cow disease”. The 
dominant clinical sign is progressive dementia, ataxia, tremor, 
epilepsy, etc.29.

Steer
Agenesis of the corpus callosum (ACC) is a rare birth defect in 
which there is a complete or partial absence of the corpus cal-
losum. The MRI showed a “steer horn” sign made by the frontal 
horns of the lateral ventricles in the coronal plane30.

Butterfly
Glioblastoma multiforme is the most malignant brain tumor. 
It is characterized by rapid, infiltrative growth, with zones of 
necrosis and bleeding and pronounced perifocal vasogenic edema 
on CT / MR. It often infiltrates the corpus callosum and the 
contralateral hemisphere of the brain, giving it its characteristic 
butterfly shape. Hence terms such as “butterfly-shaped tumor”, 
“butterfly” or “schmetterling tumor”31.

Rabbit
It is a rare extrapyramidal side effect of antipsychotics. It is mani-
fested by perioral tremor of 5 Hz frequency, without tongue af-
fection - “rabbit tremor”. It is caused by long-term antipsychotic 
therapy, primarily haloperidol, fluphenazine, pimozide, and less 
frequently thioridazine, clozapine, olanzapine, and risperidone32.

Elephant
Neurofibromatosis is a well-known phacomatosis. The character-
istics of type 1 neurofibromateosis are as follows: 6 or more “café 
au lait spots” on the skin, at least 2 neurofibromas on the skin, at 
least two on the iris and scoliosis. David Lynch directed in 1980. 
the movie „Elephant Man” in which he describes the life of 
Joseph Merrick who suffered from neurofibromatosis type 1, and 
hence the incorrect name “elephant man” for these patients33.
The “Dural (elephant) tail sign” represents thickening and 
enhancement of the dura mater in continuity with a mass, which 
on MR images, gives the appearance of a tail arising from the 
mass.Three criteria need to be met for a „positive“ dural tail sign: 
the tail should be seen on two successive images through the 
tumor, it should taper away from the tumor, and it must enhance 
more than the tumor. This sign has traditionally been considered 
as highly specific for meningioma34.

Duck
Weakness of the pelvic girdle muscles leads to a characteristic 
limping, “duck gait”. This is characteristic for proximal myopa-
thies with consequent pelvic floor muscle hypotrophy. Advanced 
coxarthrosis should be ruled out differentially35.

Fly
Floating blurred sight spots may be caused by deposits within the 
normally transparent vitreous body of the eye. This phenomenon 
is called myodesopsia. Patients usually describe them as “flying 
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flies” (lat. Muscae volantes). Fast eye movements follow and are 
best seen on a light or white background. The described disorders 
occur not only in the elderly, but also in the younger popula-
tion, particularly in the short-sighted and following cataract 
surgery36. On the neurological side, it is important to distinguish 
them from photopsies in migraine with visual aura or migraine 
equivalents.

Moths
Neurologists occasionally diagnose polyneuropathy or chronic 
vertebrogenic syndromes as clinical maniphestation or conse-
quence of underlaying hematologic disease. One such hema-
tologic disease is multiple myeloma, which is characterized by 
changes in the bones that appear to be “moth-eaten appearance 
in bone”37. This is particularly well seen in cranial bones. Multi-
ple myeloma is a plasma cell cancer in which a clone of abnormal 
plasma cells multiplies, creates tumors in the bone marrow, and 
produces large amounts of abnormal antibodies that accumulate 
in the blood or urine.

Birds of prey
Compressive ulnar nerve mononeuropathy is the most common 
consequence of its compression in the area of   the cubital tunnel 
and the Guyon canal. The clinical picture is characteristic and 
includes hypotrophy of the hypothenar muscles, hypoesthesia 
in the ulnar nerve zone of innervation in the forearm and hand, 
positive Froment’s sign and weakness of the abduction of the 

little finger. Due to atrophy of the interosseous and lumbri-
cal muscles of the hand, it takes on the typical appearance of a 
claw-like bird of prey, with the 4th and 5th fingers flexed in the 
interphalangeal joints and the hypotenor hypo/atrophic38.

Bat
Joubert anomaly, also known as vermian aplasia is an autosomal 
recessive disorder where there is a variable degree of cerebellar 
vermal agenesis. The “bat wing” configuration of the 4th ventri-
cle is typical for this anomaly39.

Bird
Tectal beaking (“bird beak” sign) refers to the fusion of the 
midbrain colliculi into a single beak pointing posteriorly and 
invaginating into the cerebellum. It is seen with a Chiari type II 
malformation40.

Fish
Refsum disease is a rare disease caused by accumulation of phy-
tanic acid in plasma and tissues. It is characterized by anosmia, 
cataract, retinitis pigmentosa, peripheral neuropathy, cerebellar 
ataxia, deafness and ichthyosis („fish skin“ disease)41.

If we take into account the continuous creativity of neurologists 
and neuroradiologists in finding animal eponyms, it is to be 
expected that this list will continue in the future.
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Abstract:
The Croatian Museum of Medicine and Pharmacy, at the Croatian Academy of Sciences and Arts, is 
home to the legacy of the Croatian otorhinolaryngologist Ivo Padovan. His legacy became part of the 
museum property in 2018-2020 by virtue of his wife Ivica Padovan and daughter Adriana Vincenca 
Padovan. The donated material is a valuable starting point for researching the history of medicine, that 
is, otorhinolaryngology, through the activities of a prominent representative of this clinical speciality. 
In this paper, we bring forward a preliminary statement on the content of the legacy, with a special 
emphasis on the digitised recording of a middle ear surgery from 1954, which was presented as part of 
the Zagreb event Museum Night, held on January 29, 2021.

Keywords: Ivo Padovan – legacy, Croatian Museum of Medicine and Pharmacy, Croatian Academy 
of Sciences and Arts (HAZU), history of medicine, otorhinolaryngology, Croatia.

Sažetak:
Memorija baštine: prezentacija dijela donacije iz ostavštine Ive Padovana u fundusu Hrvatskog 
muzeja medicine i farmacije Hrvatske akademije znanosti i umjetnosti 
U Hrvatskom muzeju medicine i farmacije Hrvatske akademije znanosti i umjetnosti čuva se ostavština 
hrvatskog otorinolaringologa Ive Padovana. Ostavština Padovan postala je dijelom fundusa 2018. – 
2020. godine zahvaljujući njegovoj supruzi Ivici Padovan i kćeri Adriani Vincenci Padovan. Darovana 
građa bogato je polazište za istraživanje povijesti medicine odnosno otorinolaringologije kroz djelatnost 
istaknutog predstavnika ove kliničke specijalnosti. U ovom radu donosimo preliminarno priopćenje o 
sadržaju ostavštine, s osobitim naglaskom na digitalizirani filmski zapis operacije srednjeg uha iz 1954. 
godine koji je bio predstavljen u okviru manifestacije Noć muzeja održane 29. siječnja 2021. godine.

Ključne riječi: Ivo Padovan – ostavština, Hrvatski muzej medicine i farmacije HAZU, povijest 
medicine, otorinolaringologija, Hrvatska 
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The Croatian Museum of Medicine and Pharmacy was founded 
following a decision of the Ministry of Culture of the Republic 
of Croatia on 7 July 2014, and constitutes the seventh museum 
unit within the Croatian Academy of Sciences and Arts. It is a 
unique museum which collects, preserves, documents and com-
municates Croatian biomedical heritage.1-3 Although the efforts 
to musealise Croatian medical and pharmaceutical heritage 
began back in the 1940s, a specialized museum of biomedical 
sciences, which would be continuously open to the public, has to 
this day failed to come to life. This is all the more surprising be-
cause during the second half of the twentieth century, in accord-
ance with global events, a new academic discipline developed in 
Croatia - museology. Museum material as material heritage is the 
fundamental determinant of museums as heritage institutions, 
while museum experts are given the task of recognising and 
interpreting the museality of heritage objects. Even though in 
this time of rapid development of digital technologies, muse-
ums are increasingly moving towards digitisation and virtual 
presentation, their activity is inconceivable without preserved 
tangible heritage which can be interpreted and presented in 
various ways: The memory of heritage preserved in items or groups 
of items connects with the material aspect of their existence. Loss of 
formed material results in the loss of the authenticity of the memory 
bearer. (…) Musealisation is the process of opening the possibility 
for these items to live within a museological context.4 These are the 
postulates which characterised the establishment of the Croa-
tian Museum of Medicine and Pharmacy as a unique museum, 
so that Croatian medical and pharmaceutical heritage may be 
preserved and interpreted in a way that would enable promotion 
of medical professional and scientific identity as a segment of 
Croatian cultural heritage.5 
The museum is required to have a permanent exhibition, unless 
this is not allowed due to sensitivity of the material.6 Therefore, 
the main strategic goal of the museum is to organise a permanent 
exhibition and make it available to the public. In the period from 
2015 to 2019, complete project documentation was prepared 
for the reconstruction, renovation and design of the premises of 
the Croatian Museum of Medicine and Pharmacy on the ground 
floor of the Academy building at 24 Gundulićeva Street in Za-
greb. While expecting a chance to apply for an investment tender 
for the implementation of the project, the museum performs its 
main business of collecting, protecting and expert processing of 
materials, while exhibiting in other institutions’ premises. So far, 
five touring exhibitions have taken place: Kaštel at its peak: adver-
tising and packaging of medicines at the Kaštel factory in Zagreb in 
the 1930s and 1940s7 (HAZU Library, 2016; Faculty of Phar-
macy and Biochemistry, 2017; Urology Clinic at the Clinical 
Hospital Centre of the Sisters of Mercy, 2018), Medicina sacra: 
venerating patron saints and the spiritual dimension of medicine8 
(The Croatian Catholic Medical Society, 2016 and ten other 
locations 2017 – 2019), Museal time machine: A collection of tra-

ditional medicine as a framework for the exhibition space of the first 
Croatian museum of medicine9 (The Strossmayer Gallery of Old 
Masters, HAZU, 2017; Faculty of Pharmacy and Biochemistry, 
2017.), The Diplomas of Croatian Physicians from the Collection of 
Diplomas and Charters of the Croatian Museum of Medicine and 
Pharmacy at HAZU10 (Zagreb School of Medicine, 2017 – 2018) 
and The Diplomas and Charters of Croatian Pharmacists from the 
Collection of the Croatian Museum of Medicine and Pharmacy at 
HAZU11 (Glyptotheque HAZU, 2019). The upcoming exhibi-
tion is entitled Between Memory and History: Kogoj’s Collection 
of Photographic Portraits and Honorary Charters (Glyptotheque 
HAZU, 16 March – 18 April 2021). 
The information on the work of the Croatian Museum of 
Medicine and Pharmacy at the Croatian Academy of Sciences 
and Arts and interesting facts from the history of biomedical 
sciences are regularly published on the museum’s website12 and 
on Facebook13. Along with the above mentioned, for museums, 
communication with experts and the general public is of crucial 
importance. The owner bequeaths objects and documentation to the 
museum as a place where this material can be stored as part of collec-
tive memory, or a place where he or she can learn about the material 
basis of his or her identity through the preserved fragments, that 
which could otherwise be lost to oblivion.14 Thus, a large part of the 
collected material reached the Croatian Museum of Medicine 
and Pharmacy through donations, about which several articles 
have been published so far.15-18 In this paper, we will attempt to 
present one of the largest and most complex collections from 
the Croatian Museum of Medicine and Pharmacy - the Otorhi-
nolaryngological Collection. It is unique also because it was 
formed in its entirety after the founding of the museum, unlike 
the other fourteen museum collections, whose material mostly 
came from the Collection of the History of Medicine and Phar-
macy at the Division for the History of Medical Sciences, which 
our museum took over when it was established. It is a collection 
which testifies to the work of prominent otorhinolaryngologists, 
museum items which in a special way confirm their story and in-
dicate their contribution to medicine and science. We would like 
to pay special attention to the sub-collection which was formed 
from 2018 to 2020, and includes items from the donation of 
the member of the Croatian Academy Sciences and Arts Ivo 
Padovan, especially the part which was presented to the public at 
Museum Night on January 29, 2021. 

The museum’s first otorhinolaryngology acqui-
sition - Šercer’s collection
The fundamental part of the museum’s otorhinolaryngology col-
lection was formed in 2016, following an incentive provided by 
Prof. Željko Poljak19 and efforts made by Prof. Ranko Mladina, 
who took over a large part of the ENT collection (that is, the 
museum) and the accompanying documentation from where it 
had been stored at the Zagreb School of Medicine. This complex 
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collection was used for educational and academic purposes and 
it consists of otorhinoaryngological medical drawings, such as 
educational posters, three-dimensional models, comparative-
anatomy preparations, preparations in the pathology of the 
oesophagus (corrosion, perforation), the larynx (tumours), 
pathology-anatomy preparations, foreign bodies extracted from 
the airways, medical instruments and devices. The beginning of 
the collection goes all the way back to the nineteen twenties. The 
first ENT Clinic at 17 Draškovićeva Street in Zagreb (1921), 
managed by Prof. Dragutin Mašek (1866 – 1956), was a de-
signed lecture hall with the seating capacity of one hundred. The 
wall above the lecture stand was intended for paintings, which 
were largely the work of Mašek’s assistant Ante Šercer. The col-
lections were also used for teaching and research purposes. They 
contained preparations from the anatomy of the ear, the nose 
and the throat, as well as a collection of comparative-anatomy 
preparations. Nevertheless, most of today’s ENT collection exists 
due to the special efforts made by Prof. Ante Šercer (1896 - 
1968), head of the ENT clinic in the period from 1929 to 1945. 
(Figure 1) For instance, Šercer used the collection of animal and 
human skull preparations in scientific research on the effects of 
the cranial base angulation and normal human posture. (Figure 
2) When the Croatian Museum of Medicine and Pharmacy took 
over this valuable material, it was literally rescued from ruin as its 

destiny was rather uncertain after the clinic was being relocated 
due to its reconstruction. Had it by any chance remained where 
it had originally been, it would surely have suffered consequences 
because the destructive Zagreb earthquake on March 22, 2020 
severely damaged the School of Medicine, including the former 
ENT clinic building. Fortunately, at its new location in the tem-
porary repository of the museum, Šercer’s collection remained 
entirely safe from devastation. From 2017 until 2020, the collec-
tion was supplemented by Prof. Ranko Mladina’s donation of his 
own work and the donated material from Ivo Padovan’s legacy. 
Thus, the museum exhibits rounded the overview of the otorhi-
nolaryngological content, the research interests of its representa-
tives in given periods of time, the innovation, the instruments, 
the methodological approaches to teaching students, and it also 
opened up to the possibility of various interpretative approaches 
and presentations in the future. The uniqueness and wealth 
of the collections were an incentive for their inclusion in the 
concept and scenario of the Museum’s permanent setup, which 
was initiated in 201620 and completed in 2018.21 The otorhino-
laryngology collection will be officially presented in the exhibi-
tion entitled The branches of medicine and medical spaces. Besides 
the items from Šercer’s collections, the exhibition will include 
the materials donated by Ranko Mladina22 and by the Padovan 
family. 

Figure 1. A photo portrait of Ante Šercer with a dedication to Ivo Padovan, Zagreb, 
25 October 1949, Croatian Museum of Medicine and Pharmacy, HAZU, inv. no. 
HMMF-3296/13

Figure 2. A preparation collection, a photograph from the album Oto-laringološka 
klinika u Zagrebu 1941 (Otorhynolaryngology Clinic in Zagreb 1941), Foto 
Donegani, 1941, Croatian Museum of Medicine and Pharmacy, HAZU, inv. no. 
HMMF-3148
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Ivo Padovan’s memorial collection
As much as Šercer’s collection has been complex and important 
to us at the Museum since we took it over from the Zagreb 
School of Medicine in 2016, so was the legacy of Šercer’s succes-
sor Ivo Padovan, an undisputed representative of otorhinoloa-
ringology within both international frames and at home. Ivo 
Padovan’s memorial collection became a part of the Croatian 
Museum of Medicine and Pharmacy due to a donation made by 
Ivica and Adriana Vincenca Padovan, who in the period between 
2018 and 2020 bequeathed to the museum the items belonging 
to their husband and father – the renowned otorhinolaryngolo-
gist Ivo Padovan. 
Ivica Padovan is Ivo Padovan’s second wife, with who he had 
a daughter, Adriana Vincenca. She finished the Dubrovnik 
Music School and then, as a flautist, graduated from the Zagreb 
Academy of Music, Department of Wind Instruments, in the 
class of Professor Tinka Muradori, thus becoming a professional 
musician. During her studies, she also worked full time in the 
admissions office of the Central Institute for Tumours (today 
the Clinic for Tumours at the Clinical Hospital Centre Sisters of 
Mercy in Zagreb). Following a fifteen-year career in the opera, 
symphony and operetta orchestras (Dubrovnik, Mostar, Split, 
Zagreb), she dedicated herself to pedagogy at the Elly Bašić Mu-
sic School in Zagreb, where she spent twelve years. (Figure 3)

Adriana Vincenca Padovan was born and lives in Zagreb. She 
graduated from the secondary school in Zagreb which specialises 
in mathematics and computer science and from the Elly Bašić 
Music School. She then received her bachelor’s and doctoral 
degrees from the Zagreb Faculty of Law, followed by a master’s 
degree from the International Maritime Law Institute at the 
International Maritime Organization in Malta, where she also 
worked as a teacher for a year. She works at the Adriatic Insti-
tute of the Croatian Academy of Sciences and Arts as a senior 
research associate and is engaged in scientific research in the field 
of maritime law. She also has many years of work experience in 
the economics related to maritime insurance. She is an associate 
professor of maritime and general traffic law at the Faculty of 
Law in Zagreb. (Figure 4)
The donated material from Ivo Padovan’ legacy (Figure 5) 
certainly enables us to observe the continuity of activities in this 
area, both as a whole and by presenting its characteristic parts. 
The donation includes various items: Padovan’s charters showing 
that he was a corresponding member (1956) and an honorary 
member (1963) of the German Otorhinolaryngological Soci-
ety, a charter of completed courses in bronchoesophagology in 
Zagreb (1958) and Paris (1961); medical instruments, devices 
and equipment from his private otorhinolaryngology practice; 
pharmacy scales with weights; an otological teaching aid with 

Figure 4. Adriana Vincenca Padovan, the donor of the 
material heritage from Ivo Padovan’s legacy

Figure 3. Ivica Padovan, the donor of the material heritage 
from Ivo Padovan’s legacy

Figure 5. Ivo Padovan, a photograph from the Padovan 
family private archives
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cochlear models; boxes containing histological specimens; lecture 
slide boxes; medical drawings and photographs of clinical cases, 
schematic representations, graphs; photographs from various 
symposia; photographs edited as book illustrations; photographic 
portraits of world-known otorhinolaryngologists; photo albums; 
original illustrative material edited for a textbook in otorhino-
laryngology for trainees and matrices for printing illustrations in 
that textbook; film, video, audio and audiovisual recordings on 
various media storing recordings of otorhinolaryngological sur-
geries and presentations at scientific conferences. (Figures 6-10) 
In addition to the museal material, the donation also includes ac-
companying documentary and printed material, as well as manu-
scripts, which include excerpts from Ante Šercer’s legacy, an ap-
plication for a scientific project (1990), manuscripts (typescripts) 
and notes for academic papers, essays and lectures, manuscripts 
of scientific papers published in Radovi Medicinskog fakulteta 
(Medical School Papers) with the accompanying publications, a 
directory of medical institutions from around the world (type-
script on cards), photocopies of papers cited in references, books, 
magazines, brochures and small print (business cards, invitations 
and more). This rich and diverse material clearly testifies to Ivo 
Padovan’s extensive clinical, scientific and educational work and 
is the starting point for future research on his contribution and 
achievements in the development of Croatian otorhinolaryngol-
ogy in the second half of the twentieth century.

Ivo Padovan (1922 - 2010), a renowned Croatian otorhinolaryn-
gologist, full member of the Department of Medical Sciences of 
the Croatian Academy of Sciences and Arts and its long-term 
vice president and president, founder of the League Against 
Cancer and the Central Tumour Institute, one of the founders 
of clinical audiometry, was mostly engaged with diagnosing and 
treating malignant tumours and aesthetic-reconstructive surgery.
He finished primary school in his native Korčula, and attended 
the classical grammar school in Dubrovnik and Zagreb. In 1944 
he joined the partisans, and in February 1945 he was assigned 
to serve in the partisan hospital in Podgarić near Čazma. After 
the war ended, he returned to Zagreb, where he continued his 
medical studies and where he graduated on July 5, 1947.23 He 
completed his specialisation in otorhinolaryngology in 1950. 
From 1952 he worked in the ENT department of the General 
Hospital “Dr. Mladen Stojanović” (today the Clinical Hospital 
Centre of the Sisters of Mercy), with Professor Šercer, which he 
mentioned in a book he wrote about Šercer when he was the 
president of the Croatian Academy of Sciences and Arts.24 From 
1966 to 1988, he was head of the Clinic for Otorhinolaryngol-
ogy and Cervicofacial Surgery. He was the co-founder of the 
Institute for Research and Protection of the Ear and Respiratory 
Organs in 1961 and the first Institute for Thalassotherapy and 
Treatment of Respiratory Organs in Crikvenica. It was according 
to the projects he worked on that the Audiostrob-Padovan device 

Figure 6. A head mirror from Ivo Padovan’s legacy, Croatian Museum of Medicine 
and Pharmacy, HAZU, inv. no. HMMF-3021

Figure 7. A hemostat (“Pean”) from Ivo Padovan’s legacy, with owner’s engraving: 
PROF. DR. / I. P., Croatian Museum of Medicine and Pharmacy, HAZU, inv. no. 
HMMF-3063
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Figure 8. A box with histological preparations from Ivo Padovan’s legacy, Croatian 
Museum of Medicine and Pharmacy, HAZU, inv. no. HMMF-3131

Figure 9. A box with medical instruments from Ivo Padovan’s legacy, Croatian Mu-
seum of Medicine and Pharmacy, HAZU, inv. no. HMMF-4789

Figure 10. Photographs from the symposium Aktualni problemi mikrokirurgije uha (Current issues regarding ear microsurgery), Zagreb, 6 September 1971, Croa-
tian Museum of Medicine and Pharmacy, HAZU, inv. no. HMMF-4831
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was designed for diagnosing respiratory diseases and the physiol-
ogy of the voice generator. He studied at numerous clinics in 
France, Austria, Germany, Switzerland, Great Britain and Russia. 
He was one of the founders of clinical audiometry, engaged in 
aesthetic-reconstructive surgery and the diagnosis and treatment 
of malignant tumours. His pilot project from 1966 resulted in 
the establishment of the League Against Cancer, and he is one 
of the founders of the Central Institute for Tumours and similar 
diseases, which started operating in 1968. He was a member 
of both professional and scientific organizations in the United 
States, Great Britain, France and Switzerland, and for eight years 
he was also a member of the Council of the International League 
Against Cancer.25 (Figure 11)

cultural engagement outside of clinical work, as part of the estab-
lishment and development of medical institutions and similar. It 
is a diverse and interesting medical heritage that will certainly be 
a good starting point for preparing the museum’s thematic exhi-
bitions in the future. Until then, for the purposes of this review, 
we will single out only one part of the collection, a rare example 
of a preserved recording of a filmed surgery performed by Ivo 
Padovan in 1954. This digitised film was shown at the Museum 
Night on January 29, 2021. 

A digitized film recording of a 1954 middle 
ear surgery presented at the 2021 Digital 
Museum Night
Museum Night is a globally popular event held in museums 
across Europe once a year. It started in Germany in 1998, and 
since 2005 it has grown into a large-scale European event. 
Museums are open until late at night on the day, various pro-
grams and events are organised, and entrance is free of charge. 
Museum Night has been held in Croatia since 2005, as organ-
ised by the Croatian Museum Society, while the initiators and 
managers of the event are Dubravka Osrečki Jakelić and Vesna 
Jurić Bulatović. The program began with a pilot project for six 
museums in Zagreb, and then started covering an increasing 
number of museums and other heritage institutions over the 
years. It now reached 100 cities, 210 participating institutions 
and 360,000 visitors. The activities organised for Museum Night 
encourage the recognition of museums as dynamic institutions 
which connect people with information sources from all around 
the world and with the ideas and creativity they seek: recognising 
the museum as an institution which makes the wealth of human 
expression and cultural diversity available to all users and all 
media, encouraging activities which develop curiosity as a motive 
to visit a museum, supporting the museum as an institution of 
knowledge, but also a space for fun and meaningful leisure.26-34 

Every year, a new main theme of the Museum Night comes to 
life, developed by the participating institutions in accordance 
with their mission, possessions and presentation possibilities. 
Given the circumstances of the pandemic and the earthquakes, 
Museum Night 2021 was made digital. Therefore, in accordance, 
the Croatian Museum of Medicine and Pharmacy decided to 
participate with a special segment of the Padovan legacy: the film 
recording of a middle ear surgery from 1954 was presented on 
the event’s digital platform, with an accompanying informative 
text which was also published on the Croatian Museum of Medi-
cine and Pharmacy website and Facebook. The surgery was per-
formed by Ivo Padovan and filmed by Mihovil Pansini in 1954 
at the Otolaryngology Department of the General Hospital “Dr. 
Mladen Stojanović” in Zagreb (today the Clinic for Otorhino-
laryngology and Head and Neck Surgery at the Clinical Hospital 
Centre Sisters of Mercy). Although the film entered the medical 

In 1975 he became an associate member and from 1983 a full 
member of the Department of Medical Sciences at the Croatian 
Academy of Sciences and Arts. From 1989 he was the secretary 
of the Department of Medical Sciences at the Academy, from 
1991 to 1997 vice president, and, serving two terms, from 1998 
to 2004, he was the president of the Croatian Academy of Sci-
ences and Arts.23

Ivo Padovan’s first wife was Smiljka Rajski Padovan, a doctor and 
head of the Eye Clinic of the Zagreb Clinical Hospital of the 
Sisters of Mercy (since 1987). They had a daughter, Ranka Štern 
Padovan, who also became a doctor and was head of the Depart-
ment of Radiology at the Zagreb School of Medicine and head 
of the Clinical Department of Diagnostic and Interventional 
Radiology at the Zagreb University Hospital Centre from 1997 
to 2015.
The donated material is a rare example of preserved material 
evidence of this doctor’s work, exhibiting a wide range of Pado-
van’s activities within the profession, but also a special social and 

Figure 11. Dr. Ivo Padovan’s visit to RPMI on 27 August, 1982: Dr. Donald P. 
Shedd, Dr. Kumao Sako, Dr. Ivo Padovan, c/b photograph, Croatian Museum of 
Medicine and Pharmacy, HAZU, inv. no. HMMF-3278
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sphere very early in our area, especially after the founding of 
the photo-film laboratory at the School of Public Health, which 
opened in 1927, the first films were primarily dedicated to public 
health and health education campaigns, and related to preventive 
medicine as part of the activities of this institution. Films which 
deal with surgical procedures in other Croatian hospital centres 
are much rarer. Among the early representatives of this type is 
certainly the film recording of the middle ear surgery, directed 
by Mihovil Pansini in 1954. A digital copy of the film, together 
with the original film tape, is today stored in the Croatian 
Museum of Medicine and Pharmacy at the Croatian Academy of 
Sciences and Arts as part of Ivo Padovan’s legacy. It was originally 
an 8-millimetre black-and-white silent film which lasted for five 
minutes and seven seconds. (Figure 12)

The film shows a middle ear surgery performed under local 
anaesthesia at the Zagreb ENT clinic. The cameraman was the 
Croatian film director and otorhinolaryngologist Mihovil Pansini 
(1926-2015), who made his debut with the amateur film Gos-
podin doktor (Mister Doctor) a year earlier and was active in the 
Zagreb Cinema Club. The surgery was performed by the then 
young otorhinolaryngologist and employee of the Šercer clinic 
Ivo Padovan (1922-2010). The film was shot at the Department 
of Ear, Nose and Throat Diseases at the Zagreb Clinical Hospital 

Centre Sisters of Mercy, which was at the time managed by the 
prominent Croatian representative of otorhinolaryngology Ante 
Šercer (1896 - 1968), internationally recognized for the discov-
ery of nasothoracic reflexes, the interpretation of nasal septal 
deformities and otosclerosis, as well as aesthetic and reconstruc-
tive procedures of the nose and earlobes.

This is a demonstration of a routine surgery which took place 
in the area of the middle ear, that is, the area the size of a pea, 
so the visibility itself is limited, but the cameraman’s technical 
capabilities greatly contributed to making this film even pos-
sible to produce. Although the image is entitled Transmeatal 
approach to the middle ear cavity, it is clear that the approach is 
combined with retroauricular notches and separation of the skin 
and subcutaneous tissue from the so-called mastoid process and 
the temporal bone. Unfortunately, no documentation was left on 
the indications of this procedure (diagnosis of the patient in the 
film) or information on the purpose (documentation, education, 
archives, amateur recording) of the recording. We can assume 
that the production of this film was part of the early activities 
of the photo-cinema laboratory founded and ran by Mihovil 
Pansini within the Clinic of Otorhinolaryngology, which dealt 
with professional and scientific film and photography, and docu-
mentary, animated, educational and other films. On the other 

Figure 12. Dr. Ivo Padovan: A transmeatal access to the middle ear cavity, the origi-
nal 8-millimetre black and white film, recorded by Mihovil Pansini, Zagreb, 1954, 
Croatian Museum of Medicine and Pharmacy, HAZU, inv. no. HMMF-4790 

Figure 13. The program of the Croatian Museum of Medicine and Pharmacy includ-
ing the film made available on the Museum Night digital platform, 29 January 2021
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hand, this testimony of the routine surgical work performed by 
an employee of the famous Šercer clinic, Ivo Padovan, who later 
become internationally known for his achievements and innova-
tions in the field of surgical procedures, and Mihovil Pansini, 
who in addition to audiology and vestibulology later dealt with 
verbotonal rehabilitation, speech, sensory and communication 
and continuous film amateurism, is a real gem of our medical 
and cultural heritage. The digitisation of this film was the result 
of the efforts made by the members of Ivo Padovan’s family, due 
to who a large part of Padovan’s filmed surgeries reached the 
Croatian Museum of Medicine and Pharmacy at the Croatian 
Academy of Sciences and Arts.
As part of the Museum Night, the digital copy of the above men-
tioned film caught the interest of more than six hundred visitors 
who viewed the program on January 29, 2021 on the Museum 
Night digital platform (Figure 13) and over four hundred visi-
tors on the Croatian Museum Society’s YouTube channel. The 
announcement of the film’s premiere on Museum Night was also 
shared on the official website of the Croatian Medical Chamber.
There is no doubt that this kind of content, which tells the story 
of Croatian medical greats or Croatian biomedical achievements 
are desired among the Croatian population, and the Croatian 
Museum of Medicine and Pharmacy at the Croatian Academy 
of Sciences and Arts certainly has something to offer. Therefore, 
we hope and believe that one day this institution will come to 
life in its own exhibition space and will continue to attract many 
visitors with its displays and curiosities.
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From September 2020 to April 2021 Department of Biomedical 
Sciences in Rijeka of the Croatian Academy of Sciences and Arts 
organized seven international scientific conferences in collabora-
tion with University of Rijeka, Medical Faculty and Clinical Hos-
pital Center in Rijeka. The first cycle of five one day conferences 

were organized under the title COVID-19 MESSAGES I-V (see: 
1) which were dedicated to all aspects of pandemics and their re-
flection on the society and University of Rijeka. Contributions of 
speakers and conclusions and recommendations were published 
in the book (see: 2). 
The sixth COVID-19 conference was a traditional 4th Rijeka Fo-
rum on Neurodegenerative Diseases which was focussed on pan-
demics (see: 3). According to World Health Organization, as well 
as recently accumulated data long term consequences like chronic 
fatigue syndrome, respiratory, cardiovascular and neurological 
problems are more and more apparent and comprise more than 10 
per cent of SARS CoV-2 infected individuals. So huge number of 
affected individuals worldwide will require interdisciplinary pre-

Post-covid era: The new and unknown field 

Figure 1.  Program Committee of Rijeka COVID-19 symposia:

Snježana Prijić Samaržija, rector of the University of Rijeka; Daniel Rukavina, Head of Academy Department of biomedical sciences in Rijeka; Alen Ružić, Head of the Clinical 
Hospital Center in Rijeka; Senka Mačešić and Marta Žuvić, Vice-rectors of the University of Rijeka; Tea Dimnjašević, Former president of the Student council of the University of 
Rijeka; Vladimira Vuletić, Head of the Department of Neurology, Clinical Hospital Center in Rijeka 
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clinical and clinical approaches to determine causes and provide 
management options. This fact inspired us to organize symposium 
focussed on analyses and discussion of long-term consequences.

The symposium  “Post-COVID Era: The new and unknown 
field” was held online on the 7th and 8th of April 2021. under the 
patronage of the Department of Biomedical Sciences in Rijeka of 
the Croatian Academy of Sciences and Arts, University of Rijeka, 
the Clinical Hospital Center (CHC) Rijeka, the Medical Faculty 
and Faculty of Health Sciences of the University of Rijeka and the 
Rijeka branch of the Croatian Medical Association. The sympo-
sium was opened with introductory talks of the president of the 
scientific committee, Daniel Rukavina, full member of Croatian 
Academy of Sciences and Arts and the Head of the Department 
of Biomedical Sciences in Rijeka of the Croatian Academy of Sci-
ences and Arts, and president of the organizing committee Pro-
fessor Alen Ružić, Head of the Clinical Hospital Center Rijeka. 
Furthermore, welcome addresses were given by Srđan Novak, 
Head of the Croatian Medical Association – Branch office Rijeka, 
Daniela Malnar, Dean of the Faculty of Health Studies and Goran 
Hauser, Dean of the Medical Faculty, University of Rijeka. Profes-
sor Snježana Prijić Samaržija, rector, expressed full support of the 
Rijeka University to the organization of this series of thematic 
symposia dedicated to COVID-19 pandemics in which she also 
participated actively both in development of the concept and or-
ganization. 
In the brilliant introductory presentation Pero Lučin (Medical 
Faculty, Rijeka) made a brief overview of the cellular biology of 
viral infections on the example of two viruses: cytomegalovirus 
(CMV), as one of the largest DNA viruses, and SARS-CoV2 
virus, as one of the largest RNA viruses. The initial part of the 
presentation indicated the interactions of CMV with infected 
cells. It demonstrated the complexity of membranous organelle 
rearrangements that occur during infection and lead to the for-
mation of a compartment for assembly on new virions. Just if 
the membranous organelles are considered, CMV with its eighty 
gene products changes the organizational network of over three 
thousand cellular proteins to provoke the rearrangement of the 
membrane system. Based on this simple example, the presenta-
tion included the contemporary challenges of the cell biology re-
search of viral infection focused on dealing with such a massive 
number of possible interactions and resolving these interactions. 
In the case of the SARS-CoV-2 virus, which also adapts the cell 
for its replication, the number of these interactions and the ex-
tent of cell rearrangement is far lower. Nevertheless, even on this 
far smaller scale, interactions are incredibly complex. To address 
these issues, the presentation included a simplified overview of 
the SARS-CoV2 life cycle at the level of infected cells, possible 
receptors for the virus entry, cellular sites of viral RNA replication, 
and biochemical mechanisms by which SARS-CoV2 inhibits the 
antiviral response of the cell and thereby weakens the host’s non-

specific immune response. The SARS-CoV2 replication scheme 
was used to explain the possible goals of antiviral action and dis-
play all antiviral drugs used so far to combat Covid-19 infection. 
By now, efforts in applying antiviral medications against SARS-
CoV2 have been mainly focused on targeting the individual viral 
proteins and proteins of host cells needed for virus entry into the 
cells. In the final part of the lecture, the author presented results 
of its own studies on CMV in which antiviral effects are achieved 
by inhibition of the cellular phosphoinositide production, which 
blocked replication of CMV DNA. Phosphoinositide depletion 
had a similar impact in cells infected with the SARS-CoV2 vi-
rus. Such research shows that it is essential to conduct in-depth 
studies of cellular processes that contribute to the progression of 
viral infections and that disruption of cellular processes can also 
achieve antiviral effects. Since many drugs in use hamper cellular 
processes, it is also possible to found options for antiviral action 
and treatment among existing drugs.
Vanda Juranić - Lisnić (Medical Faculty, Rijeka) gave an insight 
to the pathophysiological aspects of SARS-CoV-2 infection. Epi-
demiological data on the global level are underlining the enormous 
number of deaths, but also the high prevalence of post-COVID 
changes in health, functional and work capacity, as well as on the 
quality of life. These topics are linked to the development of vac-
cines and the importance of broad vaccination. Within the over-
all program of the Symposium, this presentation of methodology 
and principles in the development of antiviral vaccines brought 
an important dimension and significantly contributed to the un-
derstanding of the area. As the head of the Crisis Staff of CHC 
Rijeka Martina Pavletić presented the post-COVID period from 
her personal and professional experience. She was a key person 
who in cooperation with the team of the Centre for Proteomics 
of the Medical Faculty in Rijeka (Vanda Lisnić Juranić and Stipan 
Jonjić) established in CHC Rijeka first laboratory for molecular 
diagnostics within the emergency medical service. In his lecture, 
Alen Protić (Medical Faculty, Rijeka) presented in detail the clini-
cal features of the most complex forms of SARS-CoV-2 pneu-
monia with severe respiratory insufficiency, clinical conditions 
that are frequent associated, as well as the holistic approach to 
the treatment of most demanding patients. Special attention was 
given to the methods and protocols of respiratory support in these 
patients, and to other complementary therapeutic measures. The 
exceptional heterogeneity of post-COVID symptomatic patients 
certainly represents one of the key challenges in current routine 
work in pulmonology. 
Ljiljana Bulat Kardum (Medical Faculty, Rijeka) summarized 
the existing knowledge, personal, institutional and international 
experiences and highlights the need for high individualization 
of diagnosis and treatment. Long-term changes in the lungs and 
respiratory failure with a significant impact on the quality of life 
after the acute phase of SARS-CoV-2 infection are presented in de-
tail by Igor Barković (Medical Faculty, Rijeka). According to the 
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presented data, patients after Severe Acute Respiratory Syndrome 
(SARS) have some similarities with Middle East Respiratory Syn-
drome (MERS). They have a long-term respiratory complications 
prevalence of 30%, although after one year only 10% of them have 
changes in the lung parenchyma that can be objectify with modern 
imaging methods, at first by computed tomography (CT).
Modern imaging techniques, primarily CT, are a key diagnos-
tic tool in the acute phase of COVID infection, but also in the 
further monitoring and guidance of treatment in these patients. 
Melita Kukuljan (Medical Faculty, Rijeka) emphasized the an-
giocentricity of pathophysiological changes in COVID and post-
COVID patients, the frequency of thromboembolic events and 
local thrombotic complications in the lungs, as well as the micro-
angiopathic specifics of this new disease. Through citations from 
recent literature, but also illustrating by examples from her per-
sonal and institutional practice, she argued number of possible 
variants of changes in the lung parenchyma. It is ranging from CT 
findings known as “ground glass”, regional consolidations, peri-
bronchial and perivascular tissue thickening, reticulation, bron-
chiectasis, occurrence of nodular formations, pulmonary septal 
thickening, to a number of rare changes of open specificity and 
sensitivity within COVID and post-COVID clinical cases.
The World Health Organization declared 2020. the World Year 
of Nurses / Technicians and Midwives before anyone could have 
guessed that this year would be the beginning of this epochal 
pandemic that would bring new, huge challenges to these profes-
sions. Snježana Juričić (Clinical Hospital Center, Rijeka) spoke 
on this topic, and through statements from the scientific litera-
ture, but also experiences at the level of CHC Rijeka presented 
the key role of nursing during the COVID pandemic. This is em-
phasized through the special organization of work, new protocols, 
methods and procedures, but also illustrated by the unexpectedly 
high level of physical and emotional involvement of nurses in the 
functioning of the health system during the COVID pandemic. 
Some available research emphasized important reflections of the 
pandemic on private lives and the emotional status of nurses and 
technicians. New knowledge and competencies, provided system-
atic education and gained experience for all positive aspects of the 
pandemic, which has made great strides in the professional and 
scientific field of nursing. In addition to SARS-CoV-2 infection, 
in pandemic circumstances the health system was faced with a 
number of tasks in the organization and implementation of health 
care for non-COVID patients also. Clinical research, guidelines 
and procedures from the organization of health care institutions 
with an emphasis on post-COVID protocols for the control of 
nosocomial infections and the functioning of health care systems 
in the “new normality” were presented by Morana Magaš (Fac-
ulty of Health Sciences, Rijeka).
Cardiovascular involvement represents a significant portion of 
clinical manifestations, and includes some important predictors of 
outcome in patients during and after SARS-CoV-2 infection. This 

includes the area of   myocardial injury whose pathophysiology is 
extremely complex and in which there is not yet a precise quanti-
fication of the contribution of individual components of systemic 
and local pathological events. Distinguishing the inflammation 
and / or disproportion between the needs and availability of oxy-
gen as mechanism responsible for myocardial injury from viral 
myocarditis, the presentation of fulminant forms and a review of 
available scientific evidence within this area were all presented by 
Alen Ružić (Medical Faculty, Rijeka). The lecture included new 
insights and attitudes of international expert teams related to the 
treatment of acute coronary syndrome in COVID patients and 
particularly raises the question of the role of fibrinolytic therapy 
and delayed endovascular procedures when possible. An extremely 
significant area of   thromboembolic events in the circumstances of 
COVID infection with accompanying complex reactions of the 
immune and coagulation systems was clearly and broadly present-
ed by Luka Zaputović (Medical Faculty, Rijeka). Patients with 
pre-existing cardiovascular diseases and / or high cardiovascular 
risk profile represent the most at-risk group for the development of 
severe clinical forms of COVID infection and were at highest risk 
for adverse outcomes. Recent observational studies have shown 
that SARS-CoV-2 virus infection is statistically significantly as-
sociated with the occurrence of atrial fibrillation. The complexity 
of the area is underscored by the fact that the risk factors for the 
development of severe forms of COVID-19 infection overlap with 
the risk factors for thromboembolic events. Also, epidemiologi-
cal studies have indicated concomitantly above-average high risks 
of COVID-19 infection and thromboembolic events in elderly 
and less mobile patients with special emphasis on those staying in 
nursing homes or social care facilities. The established pathophysi-
ological mechanisms in COVID-19 infection include a hyperco-
agulable state with the high incidence of deep vein thrombosis, 
pulmonary embolism and other thromboembolic events.

Lectures from the scientific area of neuroscience and neurology 
have followed the excellent lectures in cardiology. First was Nenad 
Bogdanović (Karolinska Institutet, Stockholm, Sweden), who 
held an insightful lecture about the cognitive problems that can 
follow an active COVID-19 infection. Most of the talk was fo-
cused on the current knowledge of COVID-19 neurotropism and 
the way systemic inflammation can contribute to neurodegenera-
tive processes in the central nervous system. The conclusion was 
that there is a strong need to identify neurological damage as a 
long-term consequence of COVID-19 infection in patients, as is 
hypothesized for other neurotropic viruses. 
In an excellent lecture Paolo Manganotti (University Medical 
Hospital, Trieste, Italy) on the topic of peripheral neurological 
symptoms in the post-COVID-19 era focused on the potential 
of COVID-19 virus to induce autoimmune reactions, and thus 
influence the onset of classical peripheral nervous system autoim-
mune diseases such as Guillain-Barre syndrome and Miller-Fisher 
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Figure 2. Co-chairmen of the Program Committee of Rijeka COVID-19 symposia: 
Snježana Prijić Samaržija and Daniel Rukavina

syndrome. One of the key points was that there is a challenge 
of diagnosis in these patients as most clinical neurophysiological 
diagnostic methods require close contact with the patients, which 
is not possible in acute COVID-19 infections. 
Cerebrovascular incidents in the post-COVID-19 time was the 
focus of a lecture by Zdravka Poljaković (University Hospital Za-
greb, Croatia). The audience listening this lecture could hear inter-
esting findings, such as that the incidence of stroke in COVID-19 
patients was quite low, albeit it is followed with higher mortality 
than in patients without COVID-19. Interestingly, small vessel 
disease strokes and microhemorrahages occured more frequently 
in COVID-19 patients, as well as cases of cerebral sinus thrombo-
sis and PRESS. Finally, professor Poljaković pointed out that there 
can be non-specific MRI changes in COVID-19 patients, whose 
impact is yet to be elucidated for now.
The symposium was closed with a riveting lecture from Vladimira 
Vuletić (Medical Faculty, Rijeka) on the topic of movement disor-
ders and the post-COVID-19 neurological syndrome. The lecture 

was focused on the similarities between the COVID-19 infection 
and certain neurodegenerative diseases like Parkinson’s disease, 
with regards to early symptoms such as anosmia. The talk covered 
several interesting case reports of patients who developed compli-
cated parkinsonian syndromes at the time of COVID-19 infec-
tions. The development of a Post COVID Neurological Syndrome 
(PCNS) was also a focus of the talk, with examples of patients 
developing a certain “COVID brain fog” and various neurological 
symptoms, such as headache, problems with smell and taste and 
dizziness, in the post-COVID-19 period. The lecturer concluded 
that we need additional studies to confirm or refute the trigger 
effect of SARS-CoV-2 on the neuroinflammatory and neurode-
generative processes leading to the development of parkinsonian 
symptoms.
The symposium was closed by an interesting round table discus-
sion chaired by professor Nenad Bogdanović, where all lecturers 
had an opportunity to answer numerous questions by the audi-
ence and discuss the topics of their presentations with peers.
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The Croatian Association for Cardiac Surgery, the Croatian Car-
diac Society and the Croatian Academy of Sciences and Arts were 
united in a joint collaboration in organizing a webinar titled “Mi-
tral Academy – Surgical Aspect of the Treatment of Mitral Valve 
Disease”. This webinar was designed as an educational stage for 
cardiac surgeons and cardiologists on the topic of mitral disease. 
Mitral valve reconstruction has become the contemporary surgical 
dogma in the treatment of mitral regurgitation. It affords patients 
better survival and greater quality of life. These stem from better 
preservation of left ventricular function and anatomy, as well as 
avoidance of anticoagulation. 
These facts notwithstanding, the adoption of surgical techniques 
of mitral valve repair has been subpar among many Croatian car-
diac surgical institutions. It is for this reason that the Croatian 
Association for Cardiac Surgery took initiative in organizing a 
meeting specifically focusing on dissemination of knowledge and 
experience into all strata of the Croatian cardiac surgical com-
munity. The webinar was chaired by Hrvoje Gašparović, president 
of the Croatian Association for Cardiac Surgery. This event was a 
continuation of the “Mitral Academy” project. The first part of the 
series focused on diagnostic and imaging techniques relevant to 
the mitral valve complex and was chaired by Jadranka Šeparović 
Hanževački from the Workgroup for echocardiography and im-
aging of the Croatian Cardiac Society. The entire series of webi-
nars was designed to offer comprehensive insight into the mitral 
pathology, encompassing both the preoperative and the surgical 
management. Academician Vida Demarin and Academician Da-
vor Miličić provided introductions and greeted the assembled par-
ticipants on behalf of the Department of Medical Sciences of the 
Croatian Academy of Sciences and Arts and the Croatian Cardiac 
Society. The current edition of the Mitral Academy meeting began 
with a general overview of the benefits of mitral valve reconstruc-
tion over replacement. This was then followed by depiction of the 
technical aspects of managing both anterior and posterior leaflet 
prolapse. While surgery of the posterior mitral leaflet falls into the 
armamentarium of most general cardiac surgeons, management 
of anterior leaflet prolapse is more complex and usually remains 
limited to the domain of specialized mitral surgeons. Both sets of 
techniques were detailed, with a subsequent discussion of the ad-
vantages and disadvantages of individual methods. Long-standing 
mitral valve pathology often leads to secondary adverse remod-
eling of the tricuspid valve. This problem is of such magnitude 
that it warranted a focused lecture of its own. The indications and 
techniques of adjuvant tricuspid valve reconstruction were shown 
and analyzed. A vibrant discussion ensued after the first block 
of lectures. Questions were accumulated via a live chat and were 
then discussed in real-time by six moderators. These included Hr-
voje Gašparović, Jadranka Šeparović Hanževački, Bojan Biočina, 

Igor Rudež, Daniel Unić and Tomislav Kopjar (replaced by Mate 
Petričević for the second session). The second block of lectures 
was opened with a synopsis of management strategies for mitral 
valve endocarditis. The following two lectures summarized how 
to perform an unbiased evaluation of the mitral reconstruction 
and when to forfeit further attempts at reconstruction. Identify-
ing intraoperative findings that are not compatible with a lasting 
mitral repair is as paramount for obtaining good long-term results 
as is the accumulation of surgical expertise. For the final lecture 
prof. Gašparović shifted gears and revealed some approaches that 
will be within our grasp in the immediate future. Video-assisted 
mitral reconstruction techniques were complemented with evolv-
ing transcatheter methods in order to provide the audience with a 
brief glimpse into new techniques on the horizon.
The conclusion of the webinar was preceded by another round of 
moderated discussion. The entire webinar was recorded and was 
made available for retrograde viewing. The organizers thanked all 
contributors and participants, which included listeners joining us 
from several regional countries. It was the shared hope of all of 
organizers that the Mitral Academy webinar series will continue 
to serve as an educational platform for cardiologists and cardiac 
surgeons in the future. 

Mitral Academy – Surgical Aspect of  the Treatment of  Mitral 
Valve Disease
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Traditional meeting Apoptosis and neoplasm was canceled last 
year due to the COVID-19 pandemic. This year, the scheduled 
meeting was held on April 21st under the auspices of the Croatian 
Academy of Sciences and Arts (HAZU) in an online form. Organ-
izing Committee, chaired by prof. B. Krušlin, with the help of 
the vice president asst. prof. M. Ulamec and the president of the 
executive board prof I. Šamija, successfully transferred the meet-
ing to the platform where the lectures are still available to the 
participants. 
At the beginning, Academician Vida Demarin, Secretary of the 
Department of Medical Sciences and Academician Zvonko Kusić, 
President of the Committee for Genomics and Proteomics in 
Oncology of the HAZU greeted participants and complimented 
on line meeting. Introductory lectures were given by three dis-

tinguished experts; prof. S. Levanat with the topic of signaling 
pathways interaction and apoptosis in tumors; prof. F. Bulić-Jakuš 
who spoke about biomarkers of apoptosis in the metaboloma of 
experimental teratoma in vitro and prof. Z. Kovarnik with topic of 
pesticides and war poisons toxicity that affects the nervous system.
The first session was followed by review of young researchers own 
results showing apoptostic activation in the perspective of the re-
searched oxime; integrins adhesion in the cancer cells sensitivity 
to therapy; recording apoptosis in mouse brain using luciferin 
bioluminescence; tumor phenotype changes by the action of his-
tone deacetylation inhibitors; comparison of human and experi-
mental mouse teratocarcinoma and role of endogenous competi-
tive RNA molecules in the regulation of BCL2 gene expression in 
high-grade serous ovarian cancer.
Online meeting brought interesting topics and stimulated lively 
scientific discussion. It was finally closed with the thanks to the 
prof. M. Belicza who is founder of this successful meeting.

7th meeting on apoptosis and neoplasm
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The Croatian Symposium on Vascular Medicine, which was held 
on March 4-5th 2021, was the 6th in a series of international sym-
posia annually organized by the Department of Medical Sciences 
of the Croatian Academy of Sciences and Arts, Sestre Milosrdnice 
University Hospital Centre and Croatian Cardiac Society. This 
year’s title “Vascular puzzle” implicates the complexity of patients 
with vascular diseases and the importance of interdisciplinary ap-
proach in managing such patients. Due to the COVID-19 pan-
demic, the symposium was held for the first time completely in a 
high-quality virtual form. 
Traditionally the symposium aimed to gather experts in the field 
of vascular medicine and to serve as a platform for experience ex-
change, discussion, and debate on the latest advances in preven-
tion, diagnosis and treatment of vascular diseases.
Almost 200 participants, including eminent cardiologists, angiolo-
gists, interventional radiologists, vascular surgeons, neurologists and 
professors, researchers and scientists from all Croatian regions took 
part and contributed to interesting discussions after each session.
The president of the organizing committee and head of the Divi-
sion of Vascular Diseases, Department of Cardiology, Sestre Mi-
losrdnice University Hospital Centre, prof. Mislav Vrsalović, was 
pleased to have an opportunity to welcome so many colleagues 
despite the difficulties associated with the epidemiological situa-
tion. In his welcome speech he highlighted the long tradition of 
vascular medicine in the Sestre Milosrdnice University Hospital 
dating back to the mid-20th century. Furthermore, during his lec-
ture prof. Vrsalović emphasized the importance of the first Croa-
tian prospective Peripheral Artery Disease registry (CRO-PAD) 
that was designed and created in the Sestre Milosrdnice University 
Hospital more than a decade ago in 2010, with the aim to collect, 
organise and present data about patients with peripheral vascular 
diseases. The mission was to investigate risk factors, prognostica-
tors and longitudinal events in order to improve patients’ health-
care and disease outcomes.
Acad. Vida Demarin, secretary of the Department of Medical Sci-
ences, gave an introductory word on behalf of the Croatian Acad-
emy of Sciences and Arts emphasizing that the Croatian Sympo-
sium on Vascular Medicine has become one of the most important 
regional conferences on vascular medicine.
The president of the Croatian Cardiac Society, acad. Davor 
Miličić, welcomed the audience and expressed strong support to 
the CROVASCULAR symposia describing it as an event where, 
for many years now, latest clinical knowledge and experience have 
been shared. 
The first session of the symposium was opened by prof. Aleš Blinc 
from the University Hospital in Ljubljana (Slovenia), with the 

state of the art lecture about multisite artery disease clinical man-
agement. In the following lectures, very high-risk cardiovascular 
patients were in the focus.
The second part of the symposium was focused on thromboem-
bolism challenges during COVID-19 era, where the most recent 
discoveries were presented and discussed. 
The last two sessions consisted of case report presentations from 
four Croatian vascular centres (Zagreb, Split, Osijek and Rijeka) 
with a clear implication for clinical practice based on the most 
recent European Society of Cardiology guidelines. Apart from 
eminent experts in the field of vascular medicine, young clinicians 
who are at the beginning of their careers also had an opportunity 
to share interesting clinical cases from their centres. 
At the end of the symposium, prof. Vrsalović expressed strong 
hope that the next one will take place in the Revival Hall of The 
National Home palace in Zagreb, again.

6th Croatian Symposium on Vascular Medicine - 
CROVASCULAR 2021
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Instead of enjoying the beauties and sincere hospitality of Pula 
and Park Plaza Histria Hotel, because of the current epidemio-
logical situation, the 60th Anniversary of our traditional Mind & 
Brain INPC Congress was organized as a virtual scientific event 
from May 27th - 30th 2021.
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 Neu-
ropsychiatry, Croatian Society for Personology, Personality and 
Eating Disorders, Central and Eastern European Stroke Society 
(CEESS) and Croatian Stroke Society under endorsement of the 
World Federation for Neurology (WFN) and European Academy 
of Neurology (EAN). 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 850 registered participants, being able to watch pre-
recorded video lectures at, for them the most convenient time 
slot, and actively participate in live panel discussions on the most 
important topics. 

During Plennary session Vida Demarin presented inspiring 
lecture on MIND & BRAIN - 60th Anniversary of the Interna-
tional Neuropsychiatric Congress. Further plenary lectures were 
Post-COVID depression: a provocative testing of the immunop-
sychiatry of mood disorders by Francesco Benedetti from Milan, 
Human brain evolution - vulnerability to neuropsychiatric 
disease by design? by Martin Bruene from Bochum, Current 
State in inflammation research and antiinflammatory treatment 
in major depression by Norbert Mueller from Munich, 
An international consensus on an approach for the diagnosis and 
management of psychosis of suspected autoimmune origin: the 
concept of autoimmune psychosis by Karl Bechter from Ulm, 
followed by Gut microbiota and neuroinflammation by Ervina 
Bilić from Zagreb, Immune-mediated plexopathy by Osman 
Sinanović from Tuzla, Roles of neuroinflammation in Parkinson’s 
disease by Vladimira Vuletić from Rijeka, 
Nonepileptic (psychogenic?) seizures by Amos Korczyn from Tel 
Aviv, 
Alzheimer’s Disease - typical and atypical forms as a neurobio-
logical and diagnostic challenge by Nenad Bogdanovic from 
Karolinska Institute from Stockholm, 
Cannabis 100 years between panacea and prohibition by 
Zdravko Lacković from Zagreb and Recent advances in burning 
mouth syndrome by Milija Mijajlović from Belgrade. 

The traditional Stroke Symposium was chaired by Kurt Nieder-
korn and Max Hilz, Headache Symposium by Bojana Žvan 
and Marjan Zaletel, Neurodegenerative Disorders by Miroslav 
Čuturić,Vladimira Vuletić and Nenad Bogdanović, 6th Pula 
Neuroscience Symposium by Srećko Gajović, Anton Glasnovic 
and Nicholas Bradshaw, Epilepsy, Sleep and Autism Symposium 
chaired by Željka Krsnik and Amos Korczyn and Multiple scle-
rosis symposium chaired by Vanja Bašić Kes and Uroš Rot. 
The Adult Psychiatry Symposium was chaired by Karl Bechter 
and Darko Marčinko, HISPA Symposium by Sandra Morović 
and Nebojša Tasić, and introducing the new discipline, Sympo-
sium on Psychoneuroendocrinoimmunology (PNEI) was chaired 
by Vida Demarin and Sanja Toljan.
Academic lecture „The Formless Luminous Mind” was given by 
our special guest Geshe Lhakdor from Dharamsala, India with 
the introduction by Igor Mošič on “Activating Neuroplasticity by 
Training the Mind in Love and Compassion” .

The Special Symposium “Stroke and Migraine in Women”, 
endorsed by World Stroke Organization was organized by Vida 
Demarin and Anita Arsovska, with vivid discussions on this im-
portant topic. Traditional Multiple Sclerosis Day was celebrated 
by special Pula’s MS Day Symposium chaired by Silva Soldo 
Butković and Sanja Tomasović.

Special attention to young colleagues is traditionally given at our 
congress and we always organize interesting debates in Young 
Researchers’ Corner and very informative and interesting Poster 
Session as well.

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 
therapeutic possibilities and achievements.

Altogether our 60th 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 26th -29th 2022.

MIND & BRAIN 60th International Neuropsychiatric Congress 
- Virtual, May 27th - 30th 2021.
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Our traditional 31st Summer Stroke School “Healthy Lifestyle 
and Prevention of Stroke and Other Brain Impairments” this year 
had to be organized as a virtual event due to well-known reasons. 
The Summer School is a part of academic program of Inter-Uni-
versity Centre Dubrovnik, organized by International Institute 
for Brain Health and Croatian Stroke Society, and co-organized 
by Department of Medical Sciences of the Croatian Academy of 
Sciences and Arts, endorsed by World Federation of Neurology, 
World Stroke Organization and European Stroke Organization. 
It is accredited with 4 ECTS credits and by Croatian Medical 
Chamber and Croatian Council of Physiotherapists.
Founder and Course director is Vida Demarin, who successfully 
run the school together with Board directors Roman Haberl, Kurt 
Niederkorn, David Russell and Hrvoje Budinčević. The program 
of the school is traditionally inspiring and rich with recent knowl-
edge, what was the reason that there were 150 registered partici-
pants from many parts of the world.
Pre-recorded video lectures could be watched at whatever, for the 
participants, most convenient timeslot, while live sessions with 
panel discussion and Q&A sessions were organized each afternoon. 
There were 4 academic lectures: TIA is an emergency by Natan 
Bornstein and Lifestyle and Brain Health, Neuroplasticity, and 
Psychoneuroendocrinoimmunology basic given by Vida Dema-
rin. Acute Stroke Management was presented and discussed by 
Dragutin Kadojić, Anita Arsovska, Senta Frol, Dennis Dietrich 
and Željko Živanović.Next session was devoted to interventional 
neurology, presented by Kurt Niederkorn,Gordian Hubert, Hr-
voje Budinčević and Željko Živanović.
Special session on neurological diseases in women was given by 
Sandra Morović, Serefnur Ozturk, Anita Arsovska, Bojana Žvan 
and Vida Demarin.
Recent advances in Neurosonology were presented by Ekaterina 
Titianova, Fabienne Perren and Hrvoje Budinčević, and a spe-
cial workshop with Munich Neuro Quiz was prepared by Roman 
Haberl.
Lectures and discussions on other brain impairments were given 
by Sandra Morović, Vladimira Vuletić, Ekaterina Titianova, Denis 
Čerimagić and Andrijana Bogoje Raspopović.
There were four satellite symposia discussing the recent therapeu-
tic possibilities.

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

Thich Nhat Hanh

31st Summer Stroke School “Healthy Lifestyle and Preven-
tion of  Stroke and Other Brain Impairments“ - Virtual 
June 7th - 11th 2021



Book Review

RAD 547. Medical Sciences 54-55 (2021) : 131                            www.rad-med.com 131 June 2021   -   Vol 547 = 54-55

Editors:
Vladimir Bedeković
Livije Kalogjera
Robert Trotić
 
Department of Otorhinolaryngology & Head and Neck Surgery 
in Sestre milosrdnice Clinical Hospital Center is the oldest ENT 
department in Croatia, and in the Southeastern Europe, and 
amongst the oldest ENT departments in the world, continuously 
working from 1894. Extremely significant and excellent results 
of this ENT department in otorhinolaryngology are presented in 
15 chapters and 112 pages of the monograph “125 GODINA 
OTORINOLARINGOLOGIJE U VINOGRADSKOJ BOL-
NICI 1894. – 2019.“, which is published on the occasion of cel-
ebrating the 125th anniversary of this ENT department. 
The first part of the book presents historical review of the De-
partment. The second one presents 125 years of ENT ambulance 
work, ENT surgery work, work of pediatric ENT, otology and 
neurotology, rhinology and rhinosinusology, plastic and recon-
structive surgery of the head and neck, phoniatrics and phonosur-
gery, and the head and neck surgery. The third part of the book 
presents scientific work, nurses work and who-is-who in the ENT 
Department. The images included in the book are appropriately 
referenced and the text is easy to follow. It contains an informative 
and valuable resource for a trainee in otorhinolaryngology and 
head and neck surgery. This book is not just anniversary mono-
graph, this is also a valuable tool for young doctors and scientists 
with the state-of-the-art work in contemporary otorhinolaryngol-
ogy, written by eminent experts recognized in national and inter-
national ENT societies. 

Book review: 
ORL monograph “125 godina otorinolaringologije u 
Vinogradskoj bolnici 1894. – 2019.“
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On March 16, 2021, exhibition Between Memory and History: 
Kogoj’s Collection of Photographic Portraits and Honorary Char-
ters was opened in Glyptotheque of the Croatian Academy of Sci-
ences and Arts (CASA). The exhibition is the brainchild of Mrs. 
Silvija Brkić Midžić, Director of the Croatian Museum of Medi-
cine and Pharmacy CASA, and Prof. Stella Fatović-Ferenčić, Di-
rector of the Institute for the History and Philosophy of Science 
CASA and Deputy Head of the Museum, made in collaboration 
with the Department of Dermatovenerology, University Hospital 
Center Zagreb and School of Medicine, University of Zagreb.

The exhibition was opened in front of twenty guests in the court-
yard of the Gyptotheque under strict epidemiological measures. 
The moderator of the ceremonial part of the opening was Mrs. 
Brkić Midžić, while the following guests were invited to talk 
about the contents of the exhibition: Davor Miličić, Fellow of 
the Academy and Vice-President of CASA; Vida Demarin, Fel-
low of the Academy and Secretary of the Department of Medical 
Sciences CASA; Marko Pećina, Fellow of the Academy and Head 
of the Museum; Prof. Branka Marinović, Head of the Depart-
ment of Dermatovenerology, University Hospital Center Zagreb; 
Prof. Zrinka Bukvić Mokos, Chair of Dermatovenerology, School 
of Medicine, University of Zagreb; Mirna Šitum, Fellow of the 
Academy and reviewer of the Catalogue accompanying the exhi-
bition; and Prof. Marijan Klarica, Dean of the School of Medi-
cine, University of Zagreb, who officially opened the exhibition.

The basis for the exhibition was part of the material heritage of 
an eminent Croatian dermatovenerologist Franjo Kogoj (1894 – 
1983), long-standing Head of the Department of Dermatovene-
rology of the University Hospital Center Zagreb, which was trans-
ferred to the Division for the History of Medical Sciences CASA 
at the end of the 1990s. Upon the founding of the Museum in 
2014, this collection came under its jurisdiction and served as 
the basis of both the exhibition and the accompanying bilingual 
catalogue published by the CASA and the School of Medicine. 
The project was conceived as a celebration of one hundred years 
of the Department of Dermatovenerology, and also an homage to 
the building in which the Department was situated, and which 
was heavily damaged in the earthquake that devastated Zagreb in 
March 2020.

In contrast to the earlier historiography of the Department of 
Dermatovenerology, this exhibition attempted to demonstrate 
the international status of Croatian dermatovenerology through 
Franjo Kogoj’s cosmopolite spirit. The basis was a collection of 

photographic portraits of eminent international dermatologists 
that Kogoj kept in his office, and a collection of diplomas and 
charters that testifies Kogoj’s international reputation. In front of 
us, therefore, is a less-known world of Kogoj’s international con-
nections and social networks, a facebook of global dermatology. 
Although the portraits are dated from 1931 to 1976, they provide 
a penetrating insight into the history of dermatovenerology from 
the end of the 19th well into the second half of the 20th century.

Kogoj’s contribution to dermatovenerology was the topic of a 
number of publications, while his work inspired a plethora of 
Croatian dermatovenerologists. Still, Kogoj’s material heritage 
had insofar not been in the focus of researchers exploring the his-
tory of Croatian dermatology. This exhibition demonstrates the 
scientific and museological potential of material heritage in the 
presentation of the life and work of renowned representatives of 
Croatian medicine. Photographic portraits and charters represent 
not only a foundation for historiographical work, but an interest-
ing starting point in the exploration of the role of photography 
in individual and collective cultures of memory. In the hope that 
the Museum will soon reach its full potential in its own premises, 
we invite the visitors to follow its guest exhibitions in the future, 
and the readers to check out the vivid review of the Catalogue by 
Mirna Šitum on the next few pages of the journal.

Between Memory and History: Kogoj’s Collection 
of  Photographic Portraits and Honorary Charters, 
Glyptotheque of  the Croatian Academy of  Sciences and 
Arts, 16 March – 18 April 2021
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Between Memory and History: Kogoj’s Collection of  
Photographic Portraits and Honorary Charters. Catalogue 
of  the exhibition. Glyptotheque of  the Croatian Academy of  
Sciences and Arts, Zagreb, 16 March – 18 April 2021.
Publishers:
Croatian Academy of Sciences and Arts; School of 
Medicine, University of Zagreb

Editorial board:
Marko Pećina, Stella Fatović-Ferenčić, Branka Marinović, 
Silvija Brkić Midžić

Authors of the texts:
Branka Marinović, Stella Fatović-Ferenčić, Silvija Brkić 
Midžić, Dubravka Osrečki Jakelić

Reviewers:
Mirna Šitum, Ante Škrobonja

I have accepted with pleasure the task of reviewing the catalogue 
that Prof. Branka Marinović, Prof. Stella Fatović-Ferenčić, Mrs. 
Silvija Brkić Midžić and Mrs. Dubravka Osrečki Jakelić prepared 
to accompany the exhibition of Franjo Kogoj’s heritage entitled 
Between Memory and History: Kogoj’s Collection of Photographic 
Portraits and Honorary Charters. There are two reasons for this. 
The first is that I belong to the Croatian and global traditional 
school of dermatovenerology whose foundations were set up by 
Prof. Franjo Kogoj in the Department of Dermatovenerology of 
the University of Zagreb School of Medicine, where I have ac-
quired crucial professional experience and fundamental scientific 
knowledge. The second reason is that with my admission to the 
Croatian Academy of Sciences and Arts as a full member, I have 
become aware that the criteria of excellence instituted by Kogoj, as 
the first Fellow of the Academy among dermatovenerologists, are 
those that place us dermatologists on par with the representatives 
from other medical disciplines.

The catalogue is a richly photodocumented text and a high-quality 
monograph on the life, work and achievements of a great histori-
cal figure that indebted the global scientific community. Its ambi-
tion is not only to present Kogoj’s collection of photographic por-
traits and charters, but also to be a guardian of Kogoj’s legacy that 
communicates the authenticity of a man with photographs and 
other documents, faithfully reflecting the events and – through 
them – Kogoj’s life filled with passion for dermatovenerology.

The catalogue consists of four logically connected parts. In the 
first, introductory, part, Prof. Branka Marinović, the Head of the 
Department of Dermatovenerology of the University of Zagreb 
School of Medicine, analyses Kogoj’s role in the establishment of 
a new department that he had led for forty years. The period of 
his leadership laid the foundations not only for the Department’s 
future, but for the Croatian dermatovenerology in general. Dur-
ing his mandates, the Department was among the best European 

schools of dermatovenerology and an important place for educa-
tion of most specialists in former Yugoslavia.

The second part of the catalogue is a particularly interesting and 
substantive chapter, written from a completely new perspective 
with great care and creativity, and with a brilliant sense of extract-
ing information from a not entirely typical material. The very title 
of the chapter dedicated “To esteemed Professor Kogoj, sincerely 
and with respect: Kogoj’s material cultural heritage as the basis in 
interpreting dermatologists’ social networks in the first half of the 
twentieth century”, implies a rapport with a great expert, a teacher 
and a scientist, but also a visionary. This chapter by Prof. Fatović-
Ferenčić transcends common historiography about historical fig-
ures and reflects the undeniable effort put into attributions and 
dating of photographs, which are substantiated with numerous 
primary historical sources. The photographs tell the story of a man 
and his contributions, while their value and esthetic beauty are 
gifted to the entire World. Kogoj’s work is best described with 
a term used by Prof. Fatović-Ferenčić – professional ideology. His 
relationship with science and profession obliterates the bounda-
ries between the individual and the national. This relationship is 
a clearly shaped, value-laden guidance for such interpretations of 
the world that are equally concerned with epistemological issues 
as they are with social roles.

Via Franjo Kogoj’s biography, the catalogue leads us through the 
history of dermatovenerology in Europe and in Croatia, the es-
tablishment of the Clinic and the Department, as well as the be-
ginnings of professional associations. Systematically, from page to 
page, it weaves a message that Kogoj’s heritage represents an open-
ness towards learning from the highest authorities, but also that 
the acquired knowledge and experience must be unselfishly em-
bedded into local professional settings. Through his scientific and 
professional expertise, Kogoj shaped the Department’s organiza-
tion and management, while his authority and social affirmation 
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had a long-standing impact on the development and prestige of 
dermatovenerology on a regional level.

Every page of the catalogue precipitates a new layer of content 
about a person who has introduced himself to the world in a rarely 
seen way, through his entirely individual legacy. The whole cata-
logue is littered with testimonies on the friendships that Kogoj 
kept with the protagonists of global dermatovenerology, all of 
them eminent name-givers to diseases, signs and syndromes in 
dermatology, who crossed the state boundaries and exchanged 
knowledge all over the world, and among which Kogoj also has 
a rightful place.

The third part of the catalogue, “Items from the legacy of the 
member of the Croatian Academy of Sciences and Arts Franjo 
Kogoj in the fund of the Academy’s Museum of Medicine and 
Pharmacy”, with its detailed analysis and personal reflection, is 
signed by Mrs. Silvija Brkić Midžić, museum advisor. She leads 
us in a very interesting way through the role of photography as 
a medium of individual and collective cultures of memory, thus 
giving us a chance – as far as photographic portraits are concerned 
– to reconstruct our own identities through social and professional 
networks. Yet, in a philosophical and even basic human reflection, 
photography is also a desire to overcome the transience. It is a 
tool of communication and a document of cultural and historical 
values. It should not puzzle us that Kogoj focused so much of his 
attention to photographs and that he recognized their historical 
role, because his photographs, diplomas and charters, seen as a 
unit, reconstruct a great part of the history of global dermatology 
and reveal international networking and collaborations of many 
eminent dermatologists, to which he undoubtedly belonged. The 
author of this chapter finds additional value in the photographs 

through the analysis of the photographic technique – the analogue 
photographic technology, which from today’s vantage point be-
longs to the history of medium, as much as it represents a museum 
object such as a charter or a diploma.

In the fourth chapter entitled “The culture of memory – identi-
fying Franjo Kogoj’s photo portrait collection”, Mrs. Dubravka 
Osrečki Jakelić, museum advisor, analyses the messages behind the 
rich heritage of Franjo Kogoj in a very logical and at the same time 
original way. The catalogue testifies about a cosmopolite spirit, an 
inclination towards teaching, and ultimately about a recognition 
of Kogoj’s place among chief protagonists of global dermatology 
whose research, through eponyms, entered the dermatovenerol-
ogy mainstream and, ultimately, historiography.

This catalogue and exhibition of Kogoj’s heritage represents an 
effort to contextualize the insofar unknown legacy of Croatian 
dermatovenerology as part of the global history of medicine of the 
twentieth century. The vision of Franjo Kogoj is affirmed in one 
more fact: that in his own way, by collecting portraits, charters 
and diplomas, Kogoj shaped his selective autobiography and his 
cosmopolite auto-portrait which reflects his professional develop-
ment and international connections that we would today call the 
social networks.

The catalogue is published both in Croatian and in English, which 
will make it accessible to international readership, just as Franjo 
Kogoj would expect it from us.

       
Mirna Šitum, Fellow of the Academy
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MOST ILLUSTRIOUS ALUMNI OF THE SCHOOL OF MEDICINE, UNIVERSITY OF ZA-
GREB, 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 present issue 54-55 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 Fac-
ultatis 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.

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

ESSAY - INTERVIEWS
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1. Your mother and your uncle were physicians. Was it almost inevitable for you to enter medicine, 
or did you have other interests as well? 

Who knows why somebody decides to study medicine. I recently read somewhere that the majority 
of physicians in the USA decided on a medical career due to the feeling of power and status associ-
ated with it. I doubt that that was a motive for many in our time or now in Croatia. It is true that my 
family was rather medically oriented and I heard many interesting medical stories at the dinner table. 
I also read several classics that influence people to pick up medical studies like Eleven Blue Men and 
Microbe Hunters, also others, not so common, such as Not as a Stranger and Arrowsmith. However I 
was much more impressed by books like Gamow’s One Two Three….Infinity and seriously considered 
studying mathematics. However, I soon realized that, although I could handle high school mathemat-
ics with ease, I was certainly not born with a “real feel” for mathematics. It seemed to me there is very 
little purpose in being an “average” mathematician, while, with proper application one could become a 
good physician. You have to realize how difficult is to remember the mental state and decision-making 
process of a teenager sixty years later, but it seems to me that my decision was made on the basis of a 
rational evaluation of my abilities. Or I like to think it was.

Davor Solter Interview

 

Davor Solter, MD,PhD
Emeritus Member and Director

Max-Planck Institute of 
Immunbiology and Epigenetics

Emeritus Research Director
Institute of Medical Biology, 

A*STAR, Singapore
Visiting International Professor
Siriraj Center of Excellence for 

Stem Cell Research
Mahidol University, Bangkok

Email: davorsolter@mac.com

Figure 1. Annual Meeting of Yugoslav Medical Students in Rijeka 1964. From left to right: Pavao Rudan, Ivan Damjanov, Ana Jo, 
Vlatko Grnja, Davor Solter, Jasenka Pravdić, Jaroslav Soudyl, Nada Dabić
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2. Any fond memories of your medical school days?

Once there I liked to go to the lectures and missed very few 
during five years of study. Not so much because I believed I 
could learn something better this way instead of reading it in a 
textbook, but I liked to see how different people presented their 
subject and knowledge. In one aspect my medical studies were 
somewhat unusual and were more like medical studies must 
have been long ago, when a young apprentice was attached to a 
physician and learned by watching and doing. Since my mother 
and uncle were, respectively, a senior and respected internist and 
a surgeon, I was able to profit from this close association. After 
the first year I spent every summer working in my mother’s ward 
at Vinogradska Hospital and every Saturday and Saturday night 
in the Traumatology Hospital. As you can imagine after the first 
year of medical school, I did not know anything so in the begin-
ning I just followed people around and listened and did simple 
chores. As the time progressed I did more and more, so after five 
years I had a lot of practical experience in dealing with patients, 
something which was very useful when I had to be an independ-
ent physician during my army service.

3. After two years of medicine you became a teaching assis-
tant in Anatomy, spending for the next three years most of 
your afternoons dissecting cadavers and teaching medical 
students classical anatomy. What did you learn from this 
teaching stint?

Indeed, after my second year of medical school I did became a 
student assistant (demonstrator) in the Anatomy Department 
and a year later, a teaching assistant guiding and examining stu-
dents during dissection. Anatomy class is the first tone in which 
medical students do something “medical” and they are usually 
quite interested. We also tried to make anatomy more relevant by 
indicating how important an anatomical fact could be in under-
standing and treating specific diseases. It is also the first class in 
which medical students realize how much memorization of facts 
is important in medicine. It is true that you can always look it 
up, but it would be a poor surgeon who would stop in the mid-
dle of an operation to consult an anatomy textbook. This period 
was important to me as I learned how to teach, I started doing 
research I also wrote my first research paper. One could say that, 
unknowingly, I started to choose my future career.

Figure 2. The Wistar Institute 1983. The Honorable Richard S. Schweiker, U.S. Secretary of Health and Human Services visited Solter’s 
laboratory to hear about nuclear transfer and imprinting. From left to right: Hilary Koprowski, Richard S Schweiker, NN, Davor Solter
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4. After graduation did you have clear plans for your profes-
sional development? 

I don’t think so. It seems to me now that what happened to 
me after medical school and my one year of army service was a 
mixture of vague planning and serendipity. I only knew that I 
didn’t want to become a clinician. (my family blamed this on the 
amount of time I spent working with patients during medical 
school). So, I decided to specialize in pathology and started to 
work in the Pathology Department in the Vinogradska Hospital. 
Fate intervened and after several events too boring to recapitulate 
I ended up two years later as an Assistant Professor back at the 
Anatomy Department, and more or less decided on an academic 
research career.

5. You ended up working in the Department of Biology under 
professor Nikola Skreb. How important was Nikola Skreb 
for you and your future scientific career?

While working in the Anatomy Department I started postgradu-
ate studies (the MS degree was conditional for PhD studies) 
at the Faculty of Arts and Sciences at the Zagreb University . I 
did not wish to choose an anatomical subject so my friend, and 
current interviewer, suggested I ask Professor Nikola Skreb in 
Department of Biology if I could work there studying mam-
malian development, a subject I knew nothing about. Professor 
Skreb said yes and that was that. I certainly did not know at that 
time that my life work had been decided. I moved to the Biology 
Department, finished my PhD and started planning to go abroad 
for postdoctoral work. Nikola Skreb was a wonderful men-
tor, able to adjust his approach to the needs and abilities of his 
mentees. In my case, Nikola suggested a subject for my Master’s 
degree research project, which took me six months to figure out 
that it would not work; but by that time I read enough to come 
with an alternative theme which he approved. Early mammalian 
development was a perfect subject for our conditions in Zageb at 
this time. Not much work had been done on this subject in the 
global scientific community and several months of reading were 
sufficient to cover the whole field (today one would never be able 
to catch up with the published papers in the field; they are now 
coming faster than one can read). In addition, quite a lot could 
be done with very simple and readily available techniques. 

6. How did you enter the international scene?

During the four years I spent at the Biology Department I col-
laborated with my friend Ivan Damjanov, in the Department 
of Pathology. We both worked for our PhDs together and split 
our collaborative results into two themes. One of the interest-
ing and unexpected results was the finding that if one transfers a 
gastrulating mouse embryo under the kidney capsule of another 
mouse, it will develop into a tumor containing mature tissues, a 

teratoma (which had been described before) but also containing 
undifferentiated malignant cells, a teratocarcinoma. Finding that 
the mouse embryo contains undifferentiated cells, which during 
normal development differentiate into adult tissues, but that can 
also persist in the undifferentiated state forever and give rise to 
malignant tumor, was novel enough to publish in Nature (1). 
This and other papers published in international journals estab-
lished both Ivan and me as researchers in the field of mammalian 
development and embryonic stem cells.

7. You moved to Wistar Institute, affiliated with the Universi-
ty of Pennsylvania, Philadelphia in 1973, and worked there 
for almost 20 years. Why did you choose that institute?

Going abroad for postdoctoral studies was always a rite of pas-
sage and in my opinion an essential part of the education of a 
scientist. I applied to three different laboratories in USA and 
received an encouraging response from the Wistar Institute in 
Philadelphia. Director, Hilary Koprowski, asked me to apply for 
a Damon Runyon Cancer Foundation Fellowship which I did 
and was lucky enough to receive, so in January of 1973 I started 
working at The Wistar Institute. I was planning to stay there 
two, maybe three years, little did I know that I will spend next 
eighteen years in Philadelphia. The funny part was that I went 
there expecting to find a great place to learn mammalian devel-
opment, but they accepted me because they needed somebody 
who could work with mammalian embryos. In the end one of us 
was right.

8. At that time the Head of the Wistar Institute was Hilary 
Koprowski, an internationally known virologist and im-
munologist . How much did he help you establish yourself 
as an independent scientist? 

Hilary Koprowski was a great scientist and an excellent institute 
Director who had turned the Wistar Institute from rather a 
sleepy place into a leading scientific center. In the beginning he 
was rather interested in my work, but then other subjects drew 
his attention, and I was left to proceed on my own. The greatest 
advantage of being there was the quality of the scientists which 
Hilary managed to recruit was excellent and most of them were 
collegial and willing to collaborate and help. The diversity of 
interest was such that it was very likely that any technical or sci-
entific problem one had, could be answered, or at least discussed 
by another researcher next door or one floor away.

9. At Wistar you met Barbara B. Knowles. Very soon thereaf-
ter you started collaborating with her and her name began 
appearing on some of your most important papers. There 
is a saying: Behind a successful man there is often an even 
more successful woman. Was Barbara that woman in your 
life?
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Figure 3. The Congress in Dubrovnik 1986. From left to right: Draško Šerman, Ivan Damjanov, Nikola Škreb, Davor Soloter, Anton Švajger

Barbara was also part of the loosely structured Koprowski group. 
When I arrived, she was working on somatic cell hybrids and 
immunology. Wistar was undergoing major construction and the 
animal colony was moved into an old building rented from the 
University of Pennsylvania a couple of miles from The Wistar 
Institute. Barbara and I, and several other scientists working with 
mice moved there. Barbara and I each had a small group so we 
decided to join forces and avoid duplication of facilities in the 
small quarters assigned to us. This led to work on joint projects 
and the most successful and enduring collaboration of my life. 
Barbara is a much more serious and studious scientist than I 
and she taught me how to be very critical and suspicious of easy 
explanations and incomplete data. Since that time, we lived 
and worked together, although we always had both joint and 
individual projects and students and postdoctoral fellows. So, the 
short answer is yes.

10. After twenty years at Wistar you moved to the Max Planck 
Institute in Freiburg, Germany. Why? Was it easy?

It was time for me to move on, but this led to a quest to find 
the right place. At a small, excellent research institute like the 
Wistar you either had to grow or die. Wistar was not a very well-
endowed institute and everything, including your salary, came 

from the grant money that you raised to support yourself. By 
early nineties Barbara’s and my labs were operating with a yearly 
budget of close to two million dollars and I had the impression 
that I was doing nothing but writing grant applications, progress 
and final reports. Also, I was involved in the NIH grant ma-
chinery, evaluating grant and program projects in various Study 
Sections and Councils. It became a struggle to find time to go 
to the lab and do some work. Just at that time my friend and 
colleague, Rolf Kemler, came up with the suggestion that I come 
to the Max-Planck Institute of Immunbiology in Freiburg. This 
Institute was initially devoted to immunology but Rolf came 
there to work on embryonic stem cells and mammalian develop-
mental biology and he needed a colleague with similar interests. 
It seemed like an ideal solution, stable, no grant writing and I 
could help young scientists develop into independent research-
ers. A year later Barbara left Wistar to become the Director for 
Research at The Jackson Laboratory in Bar Harbor. She was very 
busy with organizational problems and with many projects she 
initiated but we continued a transatlantic life and collaboration, 
mostly on the molecular biology of early mouse development. It 
was pioneering and technically very demanding work and I think 
we did very well in identifying the scope of the preimplantation 
mouse embryo transcriptome and in characterizing several devel-
opmentally important genes.
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11. Following your retirement from Germany, you spent a few 
years in Singapore and then some time in Bangkok. How 
do these experiences compare with your years in Philadel-
phia and Freiburg? 

Barbara and I retired more or less at the same time, debating 
what to do next, when the opportunity arose to join the newly 
established Institute of Medical Biology (IMB) at A*STAR, in 
Singapore. A*STAR was and is a very ambitious project started 
by the Singapore Government to establish the scientific base 
upon which to build the new economy of Singapore. Singapore 
was quite good in physical and chemical sciences but needed to 
develop breadth and depth in biology and biomedicine. To do 
so they established a massive conglomerate of several independ-
ent research institutes and imported scientists from all over the 
world to establish the necessary science. When we joined IMB 
our duties/tasks were to do the best possible research, to publish 
in the most prominent journals and to train young Singaporean 
scientists. The five years we spent there were in a way returning 
to our early days at Wistar when we were most productive and 
effective. Barbara and I never stopped working at the bench but 
other duties at the Max-Plank Institute and at The Jackson Labo-
ratory often interfered. In Singapore we had no other duties, we 
assembled a small group of postdoctoral fellows from Singapore 
and other countries, and we made it clear that the lab would 

close in five years, so we had better get going. With everybody 
working on their individual but interconnected projects we were 
quite efficient and published several breakthrough papers in Sci-
ence (2, 3) and many more in other high-quality journals. Even 
more importantly we succeeded in getting every postdoctoral 
fellow well established, published and successfully employed. I 
think we were very lucky to finish our career in such a place and 
in such a manner.

12. During your long scientific career, you made quite a few 
important observations and discoveries. What are your 
three most important contributions to science?

It is interesting that each of my “important” contributions were 
a combination of technical development which made subsequent 
discoveries possible. In the late seventies we worked on the role 
of cell surface molecules in early mammalian development. This 
was at the time when hybridoma technology was just being 
developed and we were able to adapt this technology to preim-
plantation mouse embryos. Working with these early mouse 
embryonic stages the issue of quantity is always crucial. One can 
easily immunize with millions and millions of cells but collecting 
even a thousand embryos is always a problem. Nevertheless, we 
were able to collect sufficient numbers of embryos, use them as 
immunogen and produce and characterize several monoclonal 

Figure 4. New Orleans 1998. Davor Solter receives March of Dimes Prize in Developmental Biology. Anna Eleanor Roosevelt, 
granddaughter of March of Dimes founder President Franklin Delano Roosevelt, Davor Solter, Barbara B. Knowles
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antibodies reactive with stage specific antigens on the surface 
of preimplantation mouse embryos (4, 5). Interestingly these 
reagents also proved crucial in isolating and establishing lines 
of human embryonic stem cells. We took a similar approach to 
establish expression libraries of preimplantation embryos. In the 
late eighties preparing cDNA libraries presumed the availability 
of mRNA in milligram quantities which would imply collecting 
hundreds of thousands if not millions of early mouse embryos, 
a clearly impractical, if not impossible task. In 1987/88 Barbara 
and I spent a sabbatical year at Cold Spring Harbor Laboratory 
and managed to improve cDNA library construction to the 
point that twenty thousand preimplantation stage embryos were 
sufficient. Admittedly, still a high number but possible. We were 
able to construct several cDNA libraries representing full grown 
oocytes and different stages of preimplantation development. 
We used these libraries to analyze the changes in gene expression 
during preimplantation development and to describe mecha-
nisms which regulate gene expression (6). We also for the first 
time described the role of endogenous retroviruses in activating 

expression of specific genes during early development of the 
mouse embryos (7). Finally, we developed the first reliable and 
successful method of nuclear transfer in the mouse zygote (8). 
Using this method, we were able to demonstrate for the first time 
that maternal and paternal genomes in male and female gametes 
are functionally not identical and both have to be present in the 
zygote to insure normal development (9). The process which 
makes genomes functionally different occurs during gametogen-
esis, it is called genomic imprinting and its discovery, in early 
eighties, initiated the conceptualization of epigenetics. 

13. Your contributions to developmental biology were widely 
recognized by your peers and you received some of the 
most prestigious scientific awards. Could you list some of 
your most important awards?

I received the March of Dimes Prize in Developmental Biology 
in 1998 of which I am especially proud as this award specifi-
cally honors contributions to developmental biology. In 2007 

 

Figure 5. Zagreb 2013, Nikola Škreb Symposium: Development and stem cells at the beginning of new millennium. In the Laboratory in the Department of Biology from left 
to right: Davor Ježek, Mladen Belicza, Davor Solter, Pavao Rudan, Takashi Hiiragi, Marko Pećina, Floriana Bulić-Jakuš, Rolf Kemler and Draško Šerman
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Figure 6. Toronto 2018, Davor Solter receives Canada Gairdner International Award. From left to right: Janet Rossant, President Gairdner Foundation, Davor Solter, Lorne 
Tyrrell, Chair of the Board of Directors of the Gairdner Foundation and Her Excellency Marica Matković, The Ambassador of the Republic of Croatia to Canada

Figure 7. Zagreb 2018. Davor Solter lectures at the HAZU. From left to right: Slobodan Vukičević, Pavao Rudan, Davor Solter, Marko Pećina, Ivica Kostović, Ivan Dam-
janov and Vlatko Silobrčić
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I received Rosenstiel Award for Distinguished Work in Basic 
Medical Research from Brandeis University and in 2018 the 
Canada Gairdner International Award. These were all awarded 
for discovery of imprinting.

14. Over all these years since you left Zagreb, did you keep in 
touch with your Croatian colleagues?

As much as possible. During my time in The Wistar Institute 
several Croatian scientists came to work as postdoctoral fellows 
and visiting scientists. In addition, young scientists came to do 
the laboratory work necessary for their master’s and doctoral 
degree and when they finished, they defended their theses in Za-
greb. Their work resulted in each case in several publications in 
the first-class international journals. Same things happened while 
I was in Max-Plank Institute in Freiburg. I also participated in 
organizing the international scientific meetings in Croatia: in 
Dubrovnik 1986 and in Zagreb 2013 and 2018. In addition, 
during most of my visits to Croatia I gave lectures at the Medical 
School, Institute Ruđer Bošković or HAZU.

In 2018 Barbara Knowles and I spent one month at the Depart-
ment of Biology, of the Medical School in Zagreb as part of 
Scientific Center of Excellence for Reproductive and Regenera-
tive Medicine (CERRM) which was established by the Ministry 
of Science, Education and Sport of Croatia and funded by the 
European Union. During that time, we discussed with the mem-
bers of CERRM various scientific projects and made plans with 
them for future collaboration. We devoted most of our time to 
interacting with PhD students in the Department of Biology and 
to helped several of them in designing their research projects. At 
the same time we organized the Second Nikola Škreb Sympo-
sium entitled “New platforms in developmental biology-toward 
the clinical application

15. If you were not a scientist, what would you have done with 
your life?

This is hard question to answer. I cannot think of an alterna-
tive. All the things I might have liked to do require talents that I 
didn’t have . Science sometimes seems nothing but routine, you 

Figure 8. Zagreb 2018. Nikola Škreb Symposium: New platforms in developmental biology-toward the clinical application. Ivan Damjanov, Barbara Knowles and Davor 
Solter sit behind Davor Ježek in the new Čačković Hall auditorium together with the number of students
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go to the lab, you do experiments, they sometimes work and 
sometimes they do not. Data accumulate and sometimes they 
mean something and sometimes, very rarely, they open a new 
vista. The hope is always there that if you are good and lucky you 
will one day know something that, for a moment, nobody else in 
the world knows. When they asked Al Hershey, a Nobel laurate 
in 1969 for his idea of scientific happiness, he answered: “To 
have one experiment that works and keep doing it all the time”. 
This was called “Hershey heaven” and I sometimes think, he may 
have had something.

16. In preparation for this interview I was looking at some of 
your old emails and found one on ligamentum teres capiti 
femoris Bertini. Do you think that today›s medical stu-
dents even know who was Doctor Bertin? 

Maybe they do, let us be optimistic. I always liked eponyms; 
they gave medical terms a personal flavor. However, I am also 
glad that I am not in the medical school today, the number of 
syndromes named after a multitude of discoverers is incred-
ible. I must slightly correct you, Bertin’s ligament is actually the 
ligamentum ileofemorale not the ligamentum teres capitis femoris. 
L. ileofemorale Bertini is the strongest ligament in the human 
body, and I used to tell my students in anatomy classes that, in 
the medieval punishment of quartering, the femur would break 
before the ligament. For some reason I assumed that Bertin 
observed this during the execution of Damiens who attempted to 
kill Louis XV and whose public execution was terribly botched 
(see Foucault’s Surveiller et Punir). I am probably wrong since I 
cannot find any evidence for that, another urban legend. There 
is another interesting thing about the iliofemoral ligament that 
I call “eponym nationalism”. Bertin described it in mid-eighteen 
century, but in the USA the ligament is known as the ligament 
of Bigelow, named after the Civil War surgeon Bigelow who 
described the ligament a hundred years later. You may wonder 
why I know all this trivia but they were part of my first scientific 
work which dealt with the variations in the vascularization of the 
head and neck of the femur and the role of ligaments and joint 
capsule in providing vascularization (10). Like a first child, one’s 
first paper is always special.

17. In another email of yours I see that we were discussing 
Horace and his line Non sum qualis eram. We agreed that 
it is quite factual and refers to both of us. Nothing to add 
or subtract were it not for the fact that it prompted you 
to quote another verse of Horace, used by Ernest Dowson 
as a title of a short poem of his. You wrote that Dowson is 
one of your favorite British poets. I will reprint that poem 
here and ask you to end this interview with two three short 
sentences telling our readers why did you like that poem. 

Vita summa brevis spem nos vetat incohare longam

They are not long, the weeping and the laughter,
Love and desire and hate:
I think they have no portion in us after
We pass the gate

They are not long, the days of wine and roses
Out of a misty dream
Our path emerges for a while, then closes
Within a dream

The movie Gone with the Wind was seen by more than two 
hundred million people and the book was printed in more than 
thirty million copies. Yet I wonder if one in a thousand of these 
viewers and readers knew that the title came from the poem writ-
ten by Ernest Dowson or even knew who Ernest Dowson, poet 
and decadent (as one of his biographers titled him) was. Dowson 
was a “minor” English poet who died young in the first year of 
twentieth century, yet he was admired by and influenced poets 
like T. S. Eliot, Ezra Pound and Rupert Brooke. His command 
of language was exceptional, and nobody found words to convey 
the quiet desperation as Dowson. “Gone with the wind”, “the 
hollow lands”, “the end of all songs”, “the days of wine and roses” 
will remain forever in the treasure chest of the English language 
as will the last line of his last poem: “O pray the earth enfold 
our life-sick hearts and turn them into dust”. Today I prob-
ably appreciate intellectual poets like Eliot more, but I always 
return and reread The Complete Poems of Ernest Dowson, which 
he dedicated, fitting to his troubled life, to his only true and 
fruitless love, the twelve-year-old Adelaide (Missie), daughter 
of the owner of a small Soho restaurant Poland which Dowson 
frequented. Regardless of the esteem and position of Dowson in 
the world literature I certainly agree with the final worlds of his 
biographer, Jad Adams: “Life presented him with suffering, and 
he returned it as beauty”.
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1. You completed your high school education in Split. How much did reading Latin and Greek 
during that time influence your life?

Klasična Gimnazija Natko Nodilo was the only high school in Split offering students the possibility to 
study Latin and Greek. Given that I grew up in the shadow of Diocletian’s palace, not far from the ru-
ins of ancient Salona, I found it challenging and intriguing. Thus, relatively early in my life, I became 
interested in antiquity and its civilizations. Reading the works of Greek and Roman phylosophers, 
dramatists, and poets I became attracted by the written word and the art of the classic period. Read-
ing the classics I became aware of the cultural differences. All this served as an introduction into the 
world of phylosophy, theology, and science in the context of the history of our civilization. The study 
of the linguistic component of classic texts helped me appreciate the contents of other literary works 
of all cultures. At the same time, it stimulated my intellectual curiosity and fostered the love for the 
arts and literature. The book Circe by Madeline Miller is one of my favorite reads; the exhibition room 
containing the Parthenon freeze in the British Museum is my favorite meeting place. Early on in my 
life, I adopted the Latin dictum: Nulla dies sine linea ( Don’t waste your day). In conclusion, the study 
of classic languages had a major influence and shaped my academic development.

2. After high school, you moved to Zagreb to study Medicine. Was it fun or just “so-so” or just 
awful and you do not want even to think about it at all? Did you have time for other extracur-
ricular pursuits? How did you spend your summers?

For a youngster like me who came from the provinces, Zagreb was a promised city with its Austro-
Hungarian architecture and the ambiance of a middle European town, art deco facades , plane and 
wild chestnut trees, trams gliding through the streets. Even the smell of basement coal holes was 
evocative. People spoke another dialect, containing many words of German origin and appeared more 
polite than what I was used to in Dalmatia. In the pastry shops, you could order chestnut puree and in 
the bars a banana frappe. I was mesmerized by the Stone Gate entrance to the Uptown and its narrow 
gas-lit streets full of old-time charm and history. I would visit the book store on the Cvjetni trg and 
gaze at the gorgeous art books eventually buying just the inexpensive paperbacks in Cyrillic. Over the 
weekend we went to the Theater ITD to see plays by Kafka or Stoppard or listened to the LPs of Arsen 
Dedić. All this was new and exciting. The song of Arsen Dedić ‘Ne daj se Ines’ (“Don’t give up Ines”) 
was at the same time a reality and a poetry .

I rented a “maid’s room” in a large apartment opposite the Meštrović’s pavilion, colloquially known as 
the “mosque”. I still remember the noise and ringing of the trams passing in front of our house. The 
accommodation was very basic but was walking distance from the Medical School on Šalata and other 
places in the city where we had practical laboratory sessions. We survived by eating sandwiches on the 
park benches . Zagreb accepted me unreservedly and became my new home. 

3. After graduation, which specialty was your first choice for further training? Did you consider an 
academic career?

In 1975 when I graduated from Medical School , for most students it was difficult to readily choose 
a specialty for post-graduate training. Thus I accepted an unpaid internship in the Department of 
Hematology at the ‘Sestre Milosrdnice’ Hospital. During that time I became interested in haematology 
diagnostics and in particular how microscopy can determine the treatment and the fate of patients. 
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I was fortunate that . Dr. Znidarčić, who was in charge of the 
Cytology Laboratory, noticed my interest and invited me to 
apply to specialize in cytology. At that time, cytology was a new 
specialty and I think that I was really fortunate to get the oppor-
tunity to enroll in the postgraduate course of cytology(Figure 1). 

official roster of medical specialties in Yugoslavia, at the time cy-
tology did not yet have the same status as other well-established 
disciplines of clinical medicine. However, this did not bother me 
and I continued my studies undeterred. Even though there was 
only one textbook of cytology, it was enough for me to fall in 
love with cells as they are seen through the microscope.

5. By enrolling in the cytology training programme did you 
actually know what you are getting yourself in for ?

I thought I did. In the 1970ies Zagreb had a well-organized 
postgraduate cytology course. It was the only officially recognized 
cytology programme in entire Yugoslavia. As such it accepted 
postgraduate students from all parts of Yugoslavia, and thus it 
played a major role in training future cytologists for the entire 
region. 
The course was well organized and included daily lectures and 
microscopy workshops. Since all the professors and many of us, 
students, worked during the morning hours in various hospi-
tals, the lectures and laboratory sessions were scheduled for the 
afternoon and the evening hours. At the end of the 3 year-long 
postgraduate course we took the final exam and officially became 
certified Clinical Cytologists. By the time I left Croatia to move 
to London in 1981,there were 35 practicing Clinical Cytologists 
in Croatia. 

6. How did it feel to be one of the pioneers of diagnostic clin-
ical cytology in Croatia? How did you get your first job? 
How did your colleagues from other departments in the 
hospital treat you? Did you have to fight to get accepted? 

Thank you for the compliment but the real pioneers of Croatian 
cytology were professors Hauptman, Črepinko, Ivić and docent 
Znidarčić, my mentors, who founded this specialty in Zagreb. 
Their contributions and reputation dwarf us who followed in 
their footsteps. 
As a certified Clinical Cytologist, I continued working in the 
same Department where I started initially my postgraduate 
education. During the training period, I rotated through other 
medical centres and hospitals in Zagreb to expand my knowledge 
of different aspects of cytology and learn its role in clinical man-
agement of patients. I learned how to establish good working 
relationships and earn the trust and respect of colleagues.This is a 
slow and long process and continues until now. Many years later 
Gordon Conti, a well-known English cytologist told me: ‘If you 
do not make a major error during the first two years, everything 
will be OK. ‘

8. How did you decide to move to the United Kingdom?

In retrospect, my decision to move to London was not a difficult 
one. The work in the hospital was interesting and I enjoyed it. 

Figure 1. Student index, postgraduate course in cytology , 
Medicinski Fakultet Zagreb, 1975.

4. How did you decide to become a diagnostic clinical cytolo-
gist and devote your life to a nascent specialty that was not 
fully recognized or defined at that time?

This is an excellent question and I do not have a straight answer.I 
am sure that I did not have an answer even then when I made 
such a major career decision. Cytology was a new specialty and 
at that time it was considered a challenge to the existing medical/
pathology establishment. The future of this new specialty was 
unpredictable. However, I was attracted by the fact that cytol-
ogy was practiced by cell-fanatics, men and women who were 
completely dedicated to the profession. Although listed on the 
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Nevertheless, the theories and my fascination with magic bone 
marrow cells were replaced by a repetitive daily routine, reduced 
to a ‘daily count to 500 cells’. Were they myeloblasts or myelo-
cytes? The difference between life and death? Left to right, right 
to left, up and down—two bone marrow aspirates per day was 
my norm. 
I loved my work and was not planning to leave Zagreb. However, 
once I met my future husband, I accepted this move as part of 
my life, a natural progression from one state of affairs to another, 
without great pathos, out of love ( Figure 2).

sion to the Membership of the Royal College of Pathologists (MRC-
Path). I passed that exam in 1988, 7 years after my arrival to the 
UK, while continuously working in my specialty. The specialty 
examination lasted 3 days and included both histopathology and 
cytopathology in a ratio of 4:1.

10. What was your first paying job in the UK? And what fol-
lowed thereafter?

I was first employed in the UK as a Clinical Assistant in Cytopa-
thology. This job designation applies in the UK to a fully trained 
foreign medical professionals who came to the UK to work but 
did not have adequate British qualifications. In order to qualify 
for an independent position that would enable me to work as a 
cytologist in the UK I had to be accepted in a British training 
programme and work as a trainee in histopathology and cytology 
under the guidelines outined by the Royal College of Patholo-
gists. 
At one of the workshops of cytology, I chatted to the tutor 
about topics of common interest including cytology and appar-
ently I impressed her favorably. A day later she called me up and 
suggested that I apply for the position of head-cytologist at the 
University College London. I protested, telling her that I still 
did not pass my MRCPath specialty examination, which was a 
prerequisite for that position. Despite the lack of formal qualifi-
cation, after a rigorous interview in front of a panel of clinicians 
and pathologists, I was offered the position and thus became the 
head-cytologist at the University College London. I passed the 
required specialty examination two years later, at the same time 
as my trainees! Trained and fully qualified cytologists were rare at 
that time in the UK, and I was therefore very welcome! (Figure 3)

Figure 2. Wedding, Bibury, UK, 1981.

Figure 3. Portico University College London, 1986.

9. Once in London, did you have to recertify your diploma? 
Did they ask you to enroll in a British training programme, 
take all the exams,and then apply for another specialty 
certification?

Like Zagreb of my student days, London enchanted me as soon 
as I arrived there. I felt that it is a unique place, where I could 
live freely and realize most of my dreams. Open to newcomers, 
allowing them to immerse themselves in this magic melange of 
colors and cultures. It was the time of Beatles and Stones, Bob 
Dylan, and Leonard Cohen. All of us were Anglophiles. Wander-
ing from one office to another, trying to make sense of the com-
plexities of English bureaucracy I had the impression that each 
of us newcomers had a predetermined place in an official drawer, 
and it was only a matter of time before you found it which is 
yours. Even though the UK recognized my diploma from the 
Medical Faculty of Zagreb, I had to take the PLAB examina-
tion, and also enter the British postgraduate medical education 
system. Thus I had to spend 2 years studying histopathology to 
become eligible to sit for the specialty examination and admis-
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11. You are best known internationally for your cytology 
books. I see that your last book was published in 2020. 
How many books did you publish so far? 

I have published 7 books. In the eighties, there were very few 
cytology textbooks and these were difficult to access. Trainees 
and even practicing pathologists interested in cytology were 
studying from journal articles, handouts and own lecture notes. 
Once I started work in a tertiary referral centre in London, 
which included teaching , I started thinking about writing a 
comprehensive textbook of cytology. This exercise also gave me 
the opportunity to share my personal experience accrued during 
many years in a centre of excellence with others.

12. What was the title of your first published book?

As luck would have it, the editors of the publishing house 
Churchill Livingstone asked me to write the second edition of 
the textbook ‘Atlas of Diagnostic Cytopathology’ by Chandra 
Grubb, a famous UK cytologist of that time. Dr.Grubb, who 
was by then retired, agreed, and thus I accepted the challenge 
(and the great honor) to rewrite her book as the sole author. 
Very soon, I realized that it would have been easier to start the 
project from scratch then to try and amend the existing text and 
images. The book contained a mixture of old and new that made 
it relevant to modern cytologists. 

13. Was your first book an immediate success and did the pub-
lishers immediately offer you additional contracts to write 
more books of that kind? Or did you, as most writers do, 
end up writing one book proposal after another to get the 
publishers’ attention?

The first edition of my Atlas was very popular. In part that was 
because in 1988 there were no other cytology books except for 
the American textbook of Leo Koss. The second edition was also 
sold out. I was satisfied seeing it being used by the trainees in the 
department. 
Did the success of my first book stimulate me to continue 
writing books? Yes and no. My second book was in preparation 
for some time since I was collecting material over several years. 
However, the final impetus came from an editor who persuaded 
me to do it.

One of the Editors of my first book formed his own publishing 
company and asked me to write a book for them. I agreed due 
to my long-time interest in head and neck pathology, and the 
fact that I collected not only cytological, but also clinical images. 
The publication of the book coincided with the opening of the 
Centre for Cancer of Head and Neck at the University College 
Hospitals, London which was both fortuitous and satisfying. 

13. The list of your books includes a variety of titles, and I 
got the impression that you could write about anything 
pertaining to cytopathology, from history to special tech-
niques, from general manuals (e.g., Diagnostic Cytopathology 
Essentials) to highly specialized treatises (e.g. Cytopathology 
of Head and Neck).Is that so?

I love my profession passionately, medicine and cytology, and 
think it very probable that trainee pathologists do get affected by 
my enthusiasm. Watching them now working across the globe, 
I think that my efforts were not in vain and that many of them 
will continue in my footsteps. 

My books , even though they have different titles, all deal with 
the role of cytology in the clinical management of patients. Thus, 
‘Essentials in Diagnostic Cytopathology’ was written for neophytes 
preparing for their specialty examination. ‘Diagnostic Cytopathol-
ogy’, a book that I have dedicated to my mentors in Croatia and 
UK, includes contributions from experts in various aspects of 
cytology . It also contains the chapters on hematology and endo-
metrium written by my Croatian colleagues Professor Ika Skelin 
Kardum and Professor Vesna Mahovlić from Zagreb. ‘Ultrasound 
FNA of the Head and Neck’, is the first book containing radiol-
ogy and cytology images and data, supplemented with diagnostic 
algorithms for a systematic work-up of patients with head and 
neck lesions, and the critical role of cytology in that sequence. 
(Figure 4). 

Figure 4. Front page of the book Cytopathology of the Head and Neck. Ultrasound 
Guided FNA, Wiley, second edition,London, 2017.
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14. Worldcat data (https://www.worldcat.org/identities/lccn-
nr97012834/) indicate that some of your books have been 
very popular, and they list your book Fine Needle Aspiration 
Cytology as having had 20 editions. Cytopathology of Head 
and Neck had 12 editions. Atlas of Diagnostic Cytopathology 
had 10 editions. How did you write such best-sellers? Do 
you have any “how-to” suggestions for other medical writ-
ers? Could you give us your secrets for this success?

I did not know about the statistics that you quote but am pleased 
to learn that my books are being used in impressive numbers. 
Such data reflect the interest of our colleagues and their commit-
ment to continuous education worldwide. 

How to write? I do not have a formula, but ‘ with honesty and 
sincerity’ would be the closest. Most readers expect the authors 
to be writing from their own experience rather then lecturing. 
The written text should reflect one’s own thinking including 
tribulations of daily cytologic practice. The book ‘FNA Cytology: 
Principles and Dilemmas’ , published by Springer, reflects just 
that, guidelines as well as quandaries. To admit that one is facing 
dilemmas is part of the honesty and sincerity that the readers 
expect. In the last chapter of that book I also made a reference 
to personal experience as an expert witness in medicolegal cases 
where I discussed a few cases of professional negligence as lessons 
how to avoid them. 

15. Your books have contributed to the widespread use of Fine 
Needle Aspiration cytology, and the wider application 
of that diagnostic technique. Would it be fair to say that 
you were at the right place, at the right time and had the 
know-how for implementing some of your ideas? Or is it 
something that even you do not fully understand. To quote 
Henry James “We work in the dark - we do what we can 
- we give what we have. Our doubt is our passion and our 
passion is our task. The rest is the madness of art”? There 
is no doubt that you were ‘mad about your art”, but how 
did you manage to translate your passion for aspiration 
cytology into written words and books that would be read 
worldwide?

My contribution to the development of cytology reflected the 
time and place where I worked at a given moment. I was lucky to 
have received my basic education in Croatia, a country in which, 
in the 1970-ies, the FNA cytology practice was much more 
advanced than in the UK. Later on, my books contributed to the 
wider practice of cytology in the UK, and showed that the best 
results are obtained when the cytologists collaborate with other 
members of the diagnostic team, i.e. surgeons, radiologists and 
pathologists. 

Καιροξ , the ancient Greek god of lucky moment, was most 
likely standing close by when I got my job at the University 
College London . UCL was a research oriented medical centre 
with an enormous academic prestige that fostered my scientific 
development and allowed me to travel worldwide teaching and 
lecturing.

To summarize my response to your question: I do not have a 
conscious ‘know-how’ on how to implement my ideas, but there 
is no doubt that I am ‘mad about my art’. This approach to 
medicine and cytology is naïve and attractive at the same time. 
(Figure 5). As the Editor-in-chief of the international journal 
Cytopathology, I always encouraged pathologists from all parts of 
the world to publish articles in the journal, the importance of 
being published I discovered only later in my professional life. 
(Figure 6)

Figure 5. Weekly conference with trainees.

Figure 6. The front page of the journal  Cytopathology,which I edited six years, 
2003-2009 .
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16. Did you ever think of your legacy? What would you like to 
be remembered for?

I am still active and do not think about my legacy, whatever it 
might be eventually. (Figure 7). The professional part of our lives 
is just one facet of many that we live in parallel and perhaps not 
the most important. I would like to be remembered that I lived 
my life honestly and intensely, never waisting a moment, never 
bored or tired of it. My books were just part of this phylosophy : 
Exegi monumentum aere paerenius...

The lecture you mention was delivered in 2018 in the House 
of Commons of the UK Parliament and was entitled ‘Cells that 
unite us: The Story of a Fortunate Immigrant”. Frustrated by the 
political discourse in UK at the time, in which the immigrants 
to the UK were frequently mentioned as being one of the main 
reasons for Brexit, I used the opportunity to present a personal 
experience, in order to illustrate that some immigrants arrive to 
the UK fully qualified, ready to contribute to the local economy 
without asking any financial support, thus creating a fiscal 
surplus. My presentation was backed by official UK govern-
ment documents and the articles by the leading economists. I 
concluded my presentation by saying that the UK has nothing to 
fear from immigrants like me, or other well qualified Croatians 
entering this country.

18. Final question: What does Croatia mean to you? With 
images of Split, Zagreb that, I am sure, appear occasion-
ally in front of your closed eyes; and your dream house on 
the shores of the Adriatic south of Dubrovnik, I imagine 
Croatia means more than you would be able to say in a 
sentence or two. But, please try; for sake of those young-
sters who are currently sitting in the classrooms of the 
Medical School on Šalata and will be one day reading these 
lines trying to learn something from your experience. And 
maybe even find some inspiration. THANK YOU. 

My definition of the Croatian word domovina ( translated into 
English as homeland or motherland or fatherland, Latin patria) 
does not include my actual birth-place nor my domicile where 
I currently live. It is a place where I received my schooling and 
where I have friends who understand my language without addi-
tional explanations; where I belong without having to stand out; 
where I am recognized by my gestures and dialect; where I share 
a sense of humour; where I eat bakalar na lešo; where I feel dizzy 
upon seeing the Adriatic sea again ….  

I short, my homeland is a place to which I am attached 
emotionally.I dream about it even if those dreams don’t exist. 
Domovina provides a safe haven, a hideaway, a shelter and a 
refuge, a place where I belong(Figure 8).

For our younger colleagues who are still studying medicine, here 
are a few words of encouragement. First of all I envy you . Your 
entire life is in front of you and you can shape it as you wish; 
instill into it as much sense and purpose; direct it where ever you 
want to go. Second, you are lucky to have chosen a profession 
that is recognized and respected worldwide and where ever you 
practice it you will do well and experience internal satisfaction, 
even if all else fails.

If I were in your position now, would I leave Zagreb and Croatia 
as I did some 40 years ago and abandon my homeland which 

Figure 7. Acting as a consultant at the microscope during ‘rapid on site assessment’ 
(ROSE) and endoscopic ultrasound fine needle aspiration (EUS), 2020.

17. With all those books to your credit, you apparently found 
time for some commendable social activities. Among oth-
ers you were are the president of Almae Matris Alumni 
Croaticae-UK (AMAC-UK) that promotes friendship 
scientific exchange between your country of origin and 
your present domicile. You also made a memorable public 
presentation in the Jubillee Room of the House of Com-
mons about Croatia. Would you like to comment? Maybe 
we can electronically attach a copy of your presentation to 
this interview?

AMAC-UK is a charitable society of former Croation univer-
sity students who live and work in the UK.The members of the 
elected Council meet on a regular basis during each academic 
year and raise funds for the annual awards given to deserving 
young Croatian scientists in order for facilitate scientific col-
laboration between UK and Croatia and promote scientific and 
cultural interaction between the universities in our two coun-
tries. Applications for these awards are publicised all over Croatia 
to attract the best candidates.
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today offers a free, modern European life style? I am not sure I 
would... Even in the communist 1970-ies my departure was not 
for political or scientific reasons or because I was restless and 
wanted to see the rest of the world .My main reason was …love. 
With a bag full of passion and love you can surmount all difficul-
ties , conquer all adversities and rule the world. Love conquers 
everything, or in Latin, to quote Vergil: Amor omnia vincit. ‘Love 
it or leave it’.

Figure 8. View from the balcony of my house in Cavtat, 2021.
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