
RAD 
Croatian Academy of Sciences and Arts - 

Medical Sciences

Editorial Board
Uredništvo

Vol 553 = 60-61 (2022)
knjiga 553, sVezak 60-61

Editor in Chief
Glavni i odgovorni urednik

Marko Pećina

Deputy Editor
Zamjenica glavnog urednika

Vida Demarin

Assistant Editors
Urednici 

Ivana Čepelak
Iva Dekaris
Željko Kaštelan
Martin Kuhar
Alemka Markotić
Josip Madić
Mirna Šitum
Zrinka Tarle

Editorial Board Secretary
Tajnik uredništva

Filip Đerke

Editorial Assistant
Pomoćnik uredništva

Luka Filipović-Grčić

 
 

 

Advisory Board
Savjet 
Željko Cvetnić
Ivo Čikeš
Dragan Dekaris
Hedvig Hricak
Bojan Jelaković
Vjekoslav Jerolimov
Ivica Kostović
Zvonko Kusić
Dražen Matičić
Davor Miličić
Steven Živko Pavletić
Željko Reiner
Miroslav Samaržija
Nenad Šestan
Slobodan Vukičević

Editor in Chief
Glavni i odgovorni urednik

Marko Pećina

Publisher
Izdavač
Croatian Academy of Sciences and Arts
Department of Medical Sciences
Hrvatska akademija znanosti i umjetnosti
Razred za medicinske znanosti

For the Publisher
Za izdavača

Dario Vretenar

Web Editor / Web urednik

Filip Đerke

Graphic designers / Grafičke urednice

Nina Ivanović, Sonja Batušić

Edition / Naklada

200 

DOI numbers / DOI brojevi

Kristina Polak Bobić

Redaction address: 
Trg Nikole Šubića Zrinskog 11, Zagreb
tihana@hazu.hr

Disclaimer

The statements, opinions and data contained in this publication are solely those of 
the individual authors and contributors and not of the Publisher and the Editor-
In-Chief. The appearance of advertisements in the Journal is not the warranty, 
endorsement, or approval of the products or service advertised or of their effective-
ness, quality or safety. The publisher and the Editor-In-Chief disclaim responsibil-
ity for any ideas, methods, instructions or products referred to in the content or 
advertisements.

RAD CASA was founded by the Croatian Academy of Sciences and 
Arts in 1867, the Journal: raD casa - meDical sciences was 
founded by the Academy’s Department of Medical Sciences in 1951. 

The articles are categorized according to “Guidelines for Authors” 
available at the RAD CASA Medical Sciences webpage: 
www.rad-med.com

RAD CASA Medical Sciences is published twice a year as a double 
issue.

doi 10.21857/y6zolb3l1m
issn 1848-641x (online) 

issn: 1330-5301 (print)

Drug Dosage

The authors and the publisher have extended every effort to ensure that drug selec-
tion and dosage set forth in this text are in accord with current recommendations 
and practice at the time of publication. However, in view of ongoing research, 
changes in government regulations, and the constant flow of information relating 
to drug therapy and drug reactions, the reader is urged to check the package insert 
for each drug for any change in indications and dosage and for added warnings and 
precautions. This is particularly important when the recommended agent is a new 
and/or infrequently employed drug.

RAD CASA Medical Sciences is included in / indexed by:

Printed with support of the Foundation of the Croatian Academy of Sci-
ences and Arts

impressum





raD casa - meDical sciences is an international 
peer-reviewed medical journal open to physicians 
and scientists from the field of biomedicine. It 
accepts contributions in the form of original article, 
review, short review, case report, letter to the editor, 
short communication, and correspondence. 

Plagiarism detection
Manuscripts are checked for text similarity and 
manually verified by the research integrity editor. 
We use CrossRef Similarity Check software and deal 
with manuscripts suspected on plagiarism following 
the COPE flowcharts and ICMJE guidelines.

Ethical approval and informed consent
When reporting trials on human subjects, authors 
should indicate whether the procedures were fol-
lowing the ethical standards set by the responsible 
human experimentation committee (institutional 
and national) and the latest version of the Declara-
tion of Helsinki given by World Medical Association. 
Ethical approval (institutional or national) should be 
obtained for every study that includes the collection 
of an additional patient sample of any biological 
material (more than those required for the medical 
evaluation). Regardless of the preserved anonymity, 
patients presented in case report articles should always 
sign informed consent. Case reports without patients’ 
consent are not eligible for publication in Rad.

Language
Rad is published exclusively in English. It is the 
author’s responsibility to ensure that the English 
language is thoroughly revised before submitting the 
work for publication. Note that the Editorial Board 
reserves the right to reject a manuscript if the use of 
language is deemed too poor. The Abstract should be 
written in both English and Croatian if it is possible 
(if not, the proofreader will translate it to Croatian).

Article-Processing charges
Manuscript submission, article processing and 
publishing are free of charge.

Article types
Contributions to the Journal are classified into the 
categories listed in the table below. The maximum 
word count does NOT include the title, authors 
and affiliations, abstract, keywords, subheadings, 
table and figure legends, and references. However, it 
does include the text in the tables, if any.

Authorship
Rad follows the guidelines for authorship set forth 
by the International Committee of Medical Journal 
Editors (ICMJE) 
Each author should meet all four criteria as follows:
    1. substantial contributions to conception and 
design, acquisition of data, or analysis and interpre-
tation of data

    2. drafting the article or revising it critically for 
important intellectual content
    3. final approval of the version to be published
    4. agreement to be accountable for all aspects of 
the work in ensuring that questions related to the 
accuracy or integrity of any part of the work are 
appropriately investigated and resolved.
According to ICMJE: “In addition to being ac-
countable for the parts of the work the author has 
done, an author should be able to identify which 
co-authors are responsible for specific other parts of 
the work. Also, the authors should have confidence 
in the integrity of the contributions of their co-
authors. All those designated as authors should meet 
all four criteria for authorship, and all who meet the 
four criteria should be identified as authors.“
Rad adopted the system by which each author 
is identified with his/her unique identification num-
ber, ORCID, thus ensuring transparency in author-
ship and personal identification. It is available for 
free at http://orcid.org/. It is recommended for each 
author to provide his/her ORCID number.

Manuscript submission
During the manuscript, submission process corre-
sponding author is asked to provide his ORCID ID 
number. The corresponding author is responsible 
to fill in the Submission form on behalf of all co-
authors. Manuscript Submission form consists of 
the following sections: authorship statement, state-
ment of originality, conflict of interest disclosure, 
protection of research participants, and copyright 
transfer and publication license.
Instructions for authors comply with the “Recom-
mendations for the Conduct, Reporting, Editing, 
and Publication of Scholarly work in Medical Jour-
nals” (http://www.icmje.org/recommendations/, 
updated in 2016). Editors hold the right to make 
all the necessary changes to the language and style 
of the original manuscript to adhere to the uniform 
standards of the Journal.

Manuscript preparation
The manuscript should be written in English and 
uploaded via the online submission system available 
at Journal website (www.rad-med.com)
The following should be submitted:
•   Cover letter
•   Title page
•   Manuscript (without authors and affiliations)
•   Figure (optional)
•   Supplementary material (optional).
Please note that a Manuscript file should not 
contain any information on the authors and their 
affiliation. Also, the Manuscript file name should 
not contain any reference to the author’s name. This 
is important because all manuscripts are sent for 
blind peer review.
All pages of the manuscript (except for the cover 
letter and title page, which are attached separately) 
should be within a single document. Original man-
uscripts should be structured as follows: Abstract, 
Keywords, Introduction, Materials and Methods, 
Results, Discussion, Acknowledgments, Tables and 
Figures, and References.
Abstract All types of manuscripts should contain 
an abstract. An abstract of 350 words maximum 
should be provided on a separate page in the 
Manuscript file (abstract only, without authors and 
affiliation). The abstract of an original article should be 
structured into four headings: Introduction, Materials 
and Methods, Results, and Conclusions. For other 
article types, abstracts do not have to be structured.
Keywords Please whenever possible, provide 3-5 
keywords from MeSH database)

Introduction In the Introduction section, the 
authors should point out new information in the 
manuscript, the hypothesis, and the aim of their 
work. The Introduction section should not contain 
results and conclusions.
Materials and methods The Materials and 
methods section should only include informa-
tion that was available at the time the study was 
planned. All information obtained during the 
study should be provided in the Result section. 
The detailed instructions for writing materials and 
methods are available at the Journal website (www.
rad-med.com). 
Results State the main or most important 
finding first. The data presented in the tables or 
figures should not be repeated in the text. Graphs 
should be used as an alternative to tables with many 
entries. 
Discussion Emphasize the new and important 
conclusion based on the study results in the context 
of the best available evidence. Do not repeat the 
data presented in the Introduction or Results sec-
tion. Clearly, state the limitations of the study.
Acknowledgements All contributors who do 
not meet the authorship criteria should be listed 
in the Acknowledgments section. These persons 
must give verbal permission to be acknowledged. 
Authors should provide that statement during 
the manuscript submission process. Financial and 
material support should also be acknowledged and 
reported in the conflict of interest disclosure during 
the manuscript submission process.
References Authors are responsible for verifying 
the accuracy of the references by using an electronic 
bibliographic source, such as PubMed, or printed 
original articles. References must not refer to the 
retracted article except if the authors want to refer 
to the particular retraction.
Rad applies the Vancouver referencing style. Litera-
ture citation should conform to the standards avail-
able at NLM’s International Committee of Medical 
Journal Editors (ICMJE) Recommendations for the 
Conduct, Reporting, Editing and Publication of 
Scholarly Work in Medical Journals (examples are 
available at Journal website (www.rad-med.com)
References should be numbered consecutively, using 
Arabic numerals in parentheses, in the order of ap-
pearance in the text.

Conflict of interest
According to the International Committee of Medi-
cal Journal Editors (ICMJE): “Conflict of interest 
exists when an author (or the author’s institution) 
has financial (employment, consultancies, stock 
ownership, honoraria and paid expert testimony) 
or personal relationship, academic competition or 
intellectual passion that inappropriately influences 
his actions.” 

Other possible conflicts of interest
All reviewers, editors, section editors, Editorial 
Board members, included in the publication process 
will also be asked to disclose any potential conflict 
of interest regarding the manuscript they are asked 
to review (primarily relationships with the pharma-
ceutical industry; incorporated into our submission 
system).

For more detailed information and instructions for 
authors, we suggest visiting the Journals’ official 

webpage: www.rad-med.com

Type Max. word 
count

Max. number
of refernces

Letter to the
editor 1000 5

Review 5000 100
Short review 3500 50
Original article 5000 30

Short 
communication 1500 10

Case report 1500 20

Correspondence 1000 7

Editorial Policies and Guidelines for Authors



Contents

RAD 
Croatian Academy of Sciences and Arts - 

Medical Sciences
Vol 553 = 60-61 (2022)
knjiga 553, sVezak 60-61

    8 Editorial 
 RAD Croatian Academy of Sciences and Arts – Medical Sciences. Celebrating its 70th Anniversary
 Marko Pećina, Martin Kuhar, Vida Demarin

  16 Original Article:
 MoCA test and general anesthesia for a two different surgical techniques
 Marijana Žura, Tea Pašalić, Vida Demarin, Andreja Kulić, Zrinka Orešković, Ivana Vukušić, Slobodan Mihaljević, Sandra Morović 

  22 Original Article:
 The patient as a factor in assessing the quality of health services in private practice institutions
 Edin Međedović, Sabina Šehić-Kršlak, Nerman Ljevo, Amer Iglica, Edin Begić, Alma Suljević, Sabaheta Jonuzović - Prošić 

  34 Review Article:
 Estimated arterial stiffness and cardiovascular risk in chronic kidney disease – a study protocol
 Marija Domislović, Ivan Brzić, Danilo Radunović, Vladimir Prelević, Bojan Jelaković

  40 Review Article:
 A simple rodent subcutaneous assay for identification of new osteoinductive molecules: The key 
 method for screening of novel bone regeneration implants
 Nikola Stokovic, Natalia Ivanjko, Marina Milesevic, T. Kuber Sampath, Slobodan Vukicevic

  54 Review Article:
 Dystonia and deep brain stimulation: correlation between genetic mutation and clinical outcome
 Gloria Rožmarić, Mario Hero, Valentino Rački, Eliša Papić, Vladimira Vuletić

  60 Review Article:
 Aging and carotid remodeling
 Miljenka-Jelena Jurašić, Sandra Morovic, Vida Demarin

  70 Review Article:
 Stroke in women: difference in risk factors and treatment compared to men
 Vita Komen, Vladimira Vuletic

  74 Review Article:
 Common pathogenetic factors in metabolic syndrome and dementia
 Vesna Lukinović-Škudar, Vesna Đermanović Dobrota, Goran Šimić

  84 Review Article:
 State-of-the-art of the Bone Morphogenetic Protein research field: 13th International BMP Conference,
 Dubrovnik 2022
 Nikola Štoković, Natalia Ivanjko, Ivona Matić Jelić, Marina Milešević, Viktorija Rumenović, Valentina Blažević, Lucija Rogina,
 Ivančica Bastalić, Igor Erjavec, Tatjana Bordukalo Nikšić, Vera Kufner, Dora Adanić, Mihaela Perić, Marko Pećina, 
 T. Kuber Sampath, Slobodan Vukičević

100 Review Article:
 Interaction between oxidative stress and epigenetics
 Nikola Barić

116 Case Report:
 Multiple Structural Failures of Aortic Homografts Leading to Emergency Surgery 
 Tomislav Tokić, Nora Knez, Ante Lekić, Mario Pavlek, Lara Lalić Tokić, Maja Hrabak Paar, Hrvoje Gašparović

120 Case Report:
 Ventricular tachycardia ablation after LVAD implantation
 Vedran Pašara, Ivan Prepolec, Domagoj Kardum, Davor Miličić, Vedran Velagić 



124 Case Report:
 Dissecting lesions of common carotid artery after carotid surgery 
 Hrvoje Budinčević, Ante Ivkošić, Vinko Vidjak, Predrag Pavić

128 Case Report:
 CPAP as a modality of epilepsy treatment in a patient suffering from obstructive sleep apnea 
 Andrija Meštrović, Zurap Raifi, Gordana Sičaja, Ana Sruk

131 News & Education: The corresponding membership (the Charter) of the Croatian Academy of Sciences and
 Arts was awarded to Prof Dr Kristijan Ramadan from the University of Oxford
 Josip Madić 

132 News & Education: 20th Scientific Conference on Brain Disorders: Vascular Elasticity for Brain Plasticity 
 Vida Demarin, Hrvoje Budinčević

133 News & Education: Symposium „Proposal of guidelines for low back pain diagnosis and treatment“ on the
 occasion of the World Spine Day, Zagreb, 11th October 2022 
 Frane Grubišić

135 News & Education: Multidisciplinary head and neck cancers symposium  
 Drago Prgomet

136 News & Education: To mark the 100th anniversary of the birth of academician Teodor Wikerhauser – 
 veterinarian, parasitologist, a scientist with an international reputation
 Josip Madić

138 News & Education: The Symposium “Actual Parasitic Zoonoses” – to mark the centenary of the birth of
 academician Teodor Wikerhauser
 Josip Madić

140 News & Education: 9th Scientific Meeting Prostate tumors
 Toni Zekulić, Tomislav Kuliš

142 News & Education: 13th International BMP Conference – Dubrovnik (8th-12th October 2022)
 Slobodan Vukičević, Marko Pećina

144 News & Education: 8th Symposium on Von Willebrand disease and Allied Disorders 
 Silva Zupančić Šalek 

145 News & Education: 19th December Scientific Symposium - Dermatological Aspects of Perimenopause
 Mirna Šitum, Nika Franceschi

146 News & Education: Oldest Croatian Journals: Continuities, Challenges and Future
 Martin Kuhar

148 News & Education: 31st Scientific Meeting on Breast Diseases
 Marijana Jazvić

149 News & Education: 100th anniversary of the birth of academician Ivo Padovan
 Goran Geber

151 News & Education: The celebration of 100 years of Orthopedics education at School of Medicine,
 University of Zagreb 
 Mihovil Plečko

153 Book Review: Climate changes and arterial hypertension – global risk. Environmental hypertensiology 
 Bojan Jelaković

155 News & Education: Croatian Hypertension League. Hunt on a Silent Killer
 Ana Jelaković

158 News & Education: Symposium: Disaster medicine – are we ready?
 Josip Žunić

161 Essay - Interviews: Introduction
 Marko Pećina, Ivan Damjanov

162 Essay - Interviews: Steven Živko Pavletić Interview
 Ivan Damjanov

175  Author index

175 Keyword index 



Sadržaj

RAD 
Hrvatske akademije znanosti i umjetnosti

Medicinske znanosti
Vol 553 = 60-61 (2022)
knjiga 553, sVezak 60-61

    8 Uvodnik 
 RAD Hrvatske akademije znanosti i umjetnosti – Medicinske znanosti. Proslava 70. obljetnice
 Marko Pećina, Martin Kuhar, Vida Demarin

  16 Izvorni rad:
 MoCA test i opća anestezija kod dviju kirurških tehnika
 Marijana Žura, Tea Pašalić, Vida Demarin, Andreja Kulić, Zrinka Orešković, Ivana Vukušić, Slobodan Mihaljević, Sandra Morović 

  22 Izvorni rad:
 Pacijent kao faktor procjene kvaliteta zdravstvene usluge ustanove privatne prakse
 Edin Međedović, Sabina Šehić-Kršlak, Nerman Ljevo, Amer Iglica, Edin Begić, Alma Suljević, Sabaheta Jonuzović - Prošić 

  34 Pregledni rad:
 Procijenjena arterijska krutost i kardiovaskularni rizik u kroničnoj bubrežnoj bolesti – protokol studije
 Marija Domislović, Ivan Brzić, Danilo Radunović, Vladimir Prelević, Bojan Jelaković

  40 Pregledni rad:
 Jednostavan potkožni esej u glodavaca za identifikaciju novih osteoinduktivnih molekula:
 ključna metoda za probir novih implantata za regeneraciju kosti
 Nikola Stokovic, Natalia Ivanjko, Marina Milesevic, T. Kuber Sampath, Slobodan Vukicevic

  54 Pregledni rad:
 Distonija i duboka mozgovna stimulacija: korelacija između genetske mutacije i klinički ishod
 Gloria Rožmarić, Mario Hero, Valentino Rački, Eliša Papić, Vladimira Vuletić

  60 Pregledni rad:
 Starenje i remodeliranje karotida
 Miljenka-Jelena Jurašić, Sandra Morovic, Vida Demarin

  70 Pregledni rad:
 Moždani udar u žena: razlika u riziku, čimbenici i liječenje u usporedbi s muškarcima
 Vita Komen, Vladimira Vuletić

  74 Pregledni rad:
 Zajednički patogenetski čimbenici u metaboličkom sindromu i demenciji
 Vesna Lukinović-Škudar, Vesna Đermanović Dobrota, Goran Šimić

  84 Pregledni rad:
 Nova dostignuća u području koštanih morfogenetskih proteina: 13. međunarodna BMP
 konferencija, Dubrovnik 2022
 Nikola Štoković, Natalia Ivanjko, Ivona Matić Jelić, Marina Milešević, Viktorija Rumenović, Valentina Blažević, Lucija Rogina,
 Ivančica Bastalić, Igor Erjavec, Tatjana Bordukalo Nikšić, Vera Kufner, Dora Adanić, Mihaela Perić, Marko Pećina, 
 T. Kuber Sampath, Slobodan Vukičević

100 Pregledni rad:
 Međudjelovanje oksidativnog stresa i epigenetike
 Nikola Barić

116 Prikaz slučaja:
 Višestruka strukturna oštećenja aortalnih homografta u hitnoj kardiokirurškoj operaciji 
 Tomislav Tokić, Nora Knez, Ante Lekić, Mario Pavlek, Lara Lalić Tokić, Maja Hrabak Paar, Hrvoje Gašparović

120 Prikaz slučaja:
 Električna oluja i kateterska ablacija ventrikulske tahikardije danima nakon ugradnje uređaja za 
 mehaničku cirkulacijsku potporu lijevoj klijetci
 Vedran Pašara, Ivan Prepolec, Domagoj Kardum, Davor Miličić, Vedran Velagić 



124 Prikaz slučaja:
 Disecirajuće lezije zajedničke karotidne arterije nakon operacije karotide 
 Hrvoje Budinčević, Ante Ivkošić, Vinko Vidjak, Predrag Pavić

128 Prikaz slučaja:
 CPAP kao modalitet liječenja epilepsije u pacijenta sa opstruktivnom apnejom 
 Andrija Meštrović, Zurap Raifi, Gordana Sičaja, Ana Sruk

131 Novosti: Dopisno članstvo Hrvatske akademije znanosti i umjetnosti dodijeljeno prof. dr. Kristijanu
 Ramadanu sa Sveučilišta u Oxfordu
 Josip Madić 

132 Novosti: 20. Znanstvena konferencija o poremećajima mozga: Vaskularna elastičnost za plastičnost mozga 
 Vida Demarin, Hrvoje Budinčević

133 Novosti: Simpozij “Prijedlog smjernica za dijagnostiku i liječenje križobolje” povodom Svjetskog dana
 kralježnice, Zagreb, 11. listopada 2022. 
 Frane Grubišić

135 Novosti: Multidisciplinarni simpozij o karcinomima glave i vrata  
 Drago Prgomet

136 Novosti: 100. obljetnica rođenja akademika Teodora Wikerhausera - veterinar, parazitolog i 
 znanstvenik s međunarodnim ugledom
 Josip Madić

138 Novosti: Simpozij “Aktualne parazitarne zoonoze” 
 Josip Madić

140 Novosti: 9. znanstveni skup Tumori prostate
 Toni Zekulić, Tomislav Kuliš

142 Novosti: 13. Međunarodna BMP konferencija – Dubrovnik (8.-12. listopada 2022.)
 Slobodan Vukičević, Marko Pećina

144 Novosti: 8. simpozij o Von Willebrandovoj bolesti i srodnim poremećajima 
 Silva Zupančić Šalek 

145 Novosti: 19. prosinački znanstveni simpozij Dermatološki aspekti perimenopauze
 Mirna Šitum, Nika Franceschi

146 Novosti: Najstariji hrvatski časopisi: kontinuiteti, izazovi i budućnost
 Martin Kuhar

148 Novosti: 31. znanstveni skup o bolestima dojke
 Marijana Jazvić

149 Novosti: 100g od rođenja akademika Ive Padovana
 Goran Geber

151 Novosti: Proslava 100 godina nastave ortopedije na Medicinskom fakultetu Sveučilišta u Zagrebu 
 Mihovil Plečko

153 Prikaz knjige: Klimatske promjene i arterijski tlak - ukupni rizik: hipertenzologija okoliša 
 Bojan Jelaković

155 Novosti: Hrvatska liga za hipertenziju. Lov na tihog ubojicu
 Ana Jelaković

158 Novosti: Medicina u okolnostima katastrofa – jesmo li spremni?
 Josip Žunić

161 Esej - Intervju: Uvod
 Marko Pećina, Ivan Damjanov

162 Esej - Intervju: Steven Živko Pavletić Intervju
 Ivan Damjanov

175  indeks autora

175 indeks ključnih riječi 



Editorial

RAD 553. Medical Sciences 60-61 (2022) : 8-14                         www.rad-med.com 8 December 2022   -   Vol 553 = 60-61

Abstract:
RAD Croatian Academy Sciences and Arts (RAD CASA) is one of the oldest Croatian scientific journals, 
published in continuity from 1867. In this paper, we will present the historical context relevant to the 
establishment of the first Croatian scientific journals and explore their importance for Croatia’s nation-
building process. Our emphasis will be on medical journals, among which an important place belongs 
to RAD CASA – Medical Sciences. This journal, which was established as a separate series within RAD 
CASA in 1951, had issues with continuity until 2006, when new editorial board was elected. Since 
then, the journal has been included as an open access journal on HRČAK, the portal of Croatian 
scientific and professional journals, and is being published in English, which contributes to its inter-
national visibility and availability. Since 2019 the journal is being published in two double issues per 
year and has an expanded number of different sections and an increasing number of contributions. In 
the journal’s 70-year history, RAD CASA – Medical Sciences published 582 articles authored by 1012 
researchers and occupying 8010 pages. During this time, nine members of the Academy’s Department 
of Medical Sciences served as editors of the journal. At the end of 2022, RAD CASA – Medical Sci-
ences has more than 500.000 visits on the HRČAK portal, and its international visibility is also rising, 
especially on Google Scholar.

Keywords: anniversary, history of medicine, medical journal, RAD CASA, RAD CASA – Medical 
Sciences

Sažetak:
RAD Hrvatske akademije znanosti i umjetnosti – Medicinske znanosti. Proslava 70. obljetnice
RAD Hrvatske akademije znanosti i umjetnosti (RAD HAZU) jedan je od najstarijih hrvatskih znan-
stvenih časopisa koji izlazi u kontinuitetu od 1867. U ovome radu prezentirat ćemo povijesni kontekst 
relevantan za utemeljenje prvih hrvatskih znanstvenih časopisa i istražiti njihovu važnost za proces 
stvaranja hrvatske nacije. Naš će fokus biti na medicinskim časopisima, među kojima važno mjesto 
zauzima RAD HAZU – Medicinske znanosti. Ovaj časopis, koji je ustanovljen kao posebna serija u 
sklopu časopisa RAD HAZU 1951. godine, imao je problem s kontinuitetom izlaženja do 2006., kada 
je izabrano novo uredništvo. Od tada, časopis je uvršten na HRČAK, portal hrvatskih znanstvenih i 
stručnih časopisa te se tiska na engleskom, čime se postiže veća međunarodna vidljivost i dostupnost. 
Od 2019. godine RAD HAZU – Medicinske znanosti tiska se godišnje u dva dvobroja i ima sve veći 
broj rubrika i priloga. U 70 godina izlaženja u časopisu je 1012 autora objavilo 582 članka na ukupno 
8010 stranica. Tijekom navedenog vremena časopis je uređivalo devet akademika članova Razreda za 
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medicinske znanosti. Krajem 2022. na portalu HRČAK časopis ima preko 500.000 pregleda, a raste i 
vidljivost časopisa na međunarodnim portalima, osobito na Google Scholaru.

Ključne riječi: medicinski časopis, obljetnica, povijest medicine, RAD HAZU, RAD HAZU – 
Medicinske znanosti

As parts of cultural and scientific history of a nation, scientific 
journals are strongly determined by the social, economic and 
political context. For Croatian scientific publishing, the relevant 
context primarily involves the rise of nationalism in Europe in 
the nineteenth century, when feudalism was finally defeated by 
capitalism and when mass consumption of media started (1). 
The process of creating nation states assumed different forms, 
from bloody and revolutionary to more elaborate and diplo-
matic. From the mid-nineteenth century Croats also sought the 
creation of their own nation state and grappled with the building 
of modern civil society within the bounds of the Habsburg 
Monarchy. Given this limitation, their fight was not revolution-
ary but rather tended towards opportunistic balancing between 
Budapest and Vienna in order to secure favorable position for 
Croats in numerous political and social aspects. The process for 
Croatia’s independence within the Monarchy was paralleled with 
the aims to achieve national integration, primarily through the 
development of Croatian language, culture, education and sci-
ence (1). As the sociologist Dinko Tomašić emphasized, Croatian 
civil nationalism focused on cultural unity, national language and 
national culture as designations of distinctiveness and as features 
by which nationality could be identified (2).
One expression of these aims was the “Illyrian” movement for 
intra-Croatian and Croato-Serb linguistic unity launched by 
Ljudevit Gaj in the 1830s, which had provided a modern basis 
for aspirations towards the reunification of the Croatian lands 
(3). The “Illyrian movement” was established to cultivate a 
cultural heritage consciousness shared by all South Slavic groups, 
particularly through establishing a shared formal language (4). As 
Robin Okey points out, under the name of Yugoslavism it took 
a more explicitly political form in the 1860s under Bishop Josip 
Juraj Strossmayer, who championed the cause of a federal Mon-
archy against Austro-Magyar Dualism (3). The South-Slav propa-
ganda found more and more supporters as the Magyarization 
took hold in the latter part of the nineteenth century (5). The 
results were evident: in 1847, Croatian parliament proclaimed 
the Croatian language the official language, Matica ilirska was 
established in 1839, Yugoslav Academy of Sciences and Arts was 
founded in 1861, and the University of Zagreb was transformed 
in 1874 in a modern institution (1).

In the history of RAD CASA, formerly RAD YASA (Yugoslav 
Academy of Sciences and Arts), one of the oldest Croatian scien-
tific journals, an important place belongs to one of its separate 
series: RAD CASA – Medical Sciences. Following the Symposium 
“Oldest Croatian Journals: Continuity, Challenges and the 
Future”, which was dedicated to both RAD CASA, published 
in continuity for 155 years, and Liječnički vjesnik, published 
in continuity for 145 years, we wanted to show the historical 
development of RAD CASA – Medical Sciences, first published as 
a separate series in 1951 (Figure 1).

 

Figure 1. RAD CASA and Liječnički vjesnik are among the oldest Croatian journals 
published in continuity to this day.
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One aspect of this cultural revival was the establishment of first 
Croatian scientific journals. Some of them paved the way for 
others and provided a fertile soil for the development of Croatian 
science, philosophy, literature and economy. Kolo: članci za litera-
turu, umjetnost i narodni život aimed to inaugurate aesthetic and 
critical criteria which would help it achieve the level of contem-
porary European literary magazines (6). Arkiv za povjestnicu ju-
goslavensku is considered the first Croatian scientific journal that 
engaged in history, archeology and art on the territories occupied 
by South Slavs (7). Another important journal was Napredak, 
the oldest Croatian professional and scientific journal published 
in continuity from 1859 (8). Finally, Književnik was a journal 
that was published in Zagreb from 1864 to 1866. It was started 
with the support by Matica hrvatska, and among its editors were 
Franjo Rački and Vatroslav Jagić. It paid special attention to 
linguistic discussions and national history, and is considered a 
forerunner of RAD CASA (9).
According to the Rules of the Academy which were approved in 
1866, one of the chief tasks of the institution was to publish sci-
entific and professional papers, and in 1867 a decision was made 
that the new journal would be named RAD Jugoslavenske aka-
demije znanosti i umjetnosti or, in a shorter version, RAD JAZU 
(RAD Yugoslav Academy of Sciences and Arts or RAD YASA). 
The person most responsible for the establishment of RAD was 
Franjo Rački, the first president of the Academy. The journal 
was supposed to publish papers presented at the meetings in the 
Academy about various topics in history, philology, philosophy, 
law, mathematics, natural history and arts, papers sent to the 
Academy for review, various reports, obituaries about members 
of the Academy and book reviews. The first book of RAD was 
published at the end of 1867 with a circulation of 1.000 copies 
(Figure 2) (10). In its early years, RAD’s mission closely followed 
the statement given by Rački on 28 July 1867: “The Academy 
will not support the development of science in idealistic fashion, 
but taking into consideration the needs and the benefit of our 
people and our homeland” (11). From 1882, RAD was split into 
two separate series, but both of them followed the single numera-
tion. The first series was published jointly by the Department of 
Philology and History and the Department of Philosophy and 
Law, and the second series by the Department of Mathematics 
and Natural History. After the Second World War, new depart-
ments were established in quick succession in the Academy, so in 
1951 the first issue of RAD was published by the Department of 
Medical Sciences.
Up until that moment, Croatian medical journalism developed 
solidly, but with substantial delay in comparison to the industri-
alized European countries. The first medical journal in which ex-
clusively medical articles were published was Acta medica et philo-
sophica Hafniensia. This journal, which was published from 1673 
to 1680 in Copenhagen, did not attract the attention of broader 
medical circles. The one which did was the French monthly Jour-

nal des decouvertes en medecine, launched in Paris in 1679 (12). 
In Britain, the first medical journal was the Edinburgh Medical 
Journal, peer-reviewed since 1733 (13). Other most important 
English-language journals were The Lancet, started in 1823, and 
The British Medical Journal, founded in 1857 (14).
The oldest Croatian medical journal was named Slovinski prvenci 
o naravi i zdravlju, launched in 1860 in Vienna where its editor, 
a retired physician and writer Gjuro Augustinović (Glina, 1816 
– Zagreb, 1870) lived (12). The primary mission of Prvenci was 
medical education and the development of medical terminology. 
After moving to Rijeka in 1861, the journal was published under 
the name of Rvacki prvenci o naravi i zdravlju, but the following 
year its publication was terminated due to financial constraints. 
As many other cultural projects of the time, Augustinović’s Pr-
venci were motivated by the desire for nation-building, especially 
from the viewpoint of Illyrism. Its pioneering role notwithstand-
ing, the journal did not manage to attract attention of the wider 
medical community at the time (15).

 

Figure 2. Front page of the first book of RAD YASA from 1867.
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The most important year for Croatian medical periodicals was 
1877, when separated by only a few days, Glasnik Društva slavon-
skih liječnika was initiated in Osijek, and Liječnički vjesnik was 
founded by the Croatian Medical Association in Zagreb. Before 
their establishment, Croatian physicians published their articles 
in Croatian non-medical periodicals, such as Zora dalmatinska 
(1844–1849; whose editors A. Kuzmanić and I. A. Kaznačić were 
physicians), Književnik (1864–1868) and Vienac (1869–1903; 
one of its editors was physician I. Dežman) (16). While Glasnik 
was short-lived, Liječnički vjesnik is published in continuity to 
this day. In contrast to Prvenci, which was mostly the result of 
a very motivated individual, Glasnik and Liječnički vjesnik, as 
Stella Fatović-Ferenčić argues, gradually evolved in response to 
the foundation of medical societies, changes in the development 
of medical education, and growing importance of research in the 
late 19th century (12).
The intensification of medical publishing was particularly notice-
able in the interwar period with the establishment of Praktični 
liječnik (1927), Veterinarski arhiv (1931), Folia stomatologica 
(1937), Radiološki glasnik (1937), Arhiv za kemiju i farmaciju 
(1938), Apotekarski vjesnik (1940) and Vjesnik ljekarnika (1941), 
as well as in the first ten years following the Second World War, 
when 15 medical journals were established, such as Medicinar 
(1947) and Arhiv za higijenu rada i toksikologiju (1950) (17). It is 
precisely in this period that RAD CASA – Medical Sciences (then 
RAD YASA – Medical Sciences) was established.
The journal RAD CASA – Medical Sciences is in its 71st year of 
publishing as a standalone series within the journal RAD CASA. 
The series was established only a year after the Department of 
Medical Sciences was founded within the Academy in 1950. 
According to the rules of numerating the journal, i.e., with 
respect to its continuity regardless of the series to which the book 
belonged, it was published as book 284 (Figure 3). Therefore, 
in 2021 we celebrated the 70th anniversary of the establishment 
of RAD CASA – Medical Sciences, the fact that was highlighted 
on the front page of the journal (book 548, issues 56 and 57) 
(Figure 4). It was mentioned on that occasion that the anniver-
sary could actually be celebrated together with the Department 
of Natural Sciences. Namely, in 1948, book 273 of RAD was 
published by the Department of Natural and Medical Sciences 
(edited by Vale Vouk) (Figure 5), and in 1950 two books of RAD 
were published by the same Department: book 274 (edited by 
Vale Vouk and Drago Perović) and book 280 (edited by Vale 
Vouk). In all three books authors were predominantly physi-
cians, such as Franjo Kogoj, Drago Perović and Jelena Krmpotić-
Nemanić, who are regarded as among the most prominent 
Croatian physicians of the twentieth century. The same can be 
said regarding the nine members of the Academy’s Department 
of Medical Sciences who served as editors of the journal through-
out its 71 years of publishing (Table 1).
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Figure 3. Front page of the first issue of RAD CASA – Medical Sciences in 1951. 

Figure 4. The design of the front page of RAD CASA – Medical Sciences on the 
occasion of its 70th anniversary
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The scope of work involved in editing the journal in different 
and financially challenging times is evident from Table 2 which 
shows the number of published articles, the number of pages 
and the number of authors in two time periods: the first from 
1951 to the end of 1991, and the second from 1992 until today, 
as well as the total number for each category from the book 284 
(1951) to book 552 (2022). The table also demonstrates the dif-
ferences in editorial policies in the two time-periods. In the first 
period 204 articles that occupied 4213 pages were published, 
while in the second period 378 articles were published that 
occupied 3797 pages. Therefore, in the first period articles were 
longer and were written by a smaller number of authors com-
pared to the second period. The anecdotal proof of this claim 
can be found in two papers written by the same author and one 
of the authors of this paper (Marko Pećina). Article entitled 
“Biomechanical research on the functional adaptation of fibula” 
published in RAD 402 (1982) was a single author paper and was 
57 pages long (18). In sharp contrast, article entitled “Meralgia 
paresthetica. Lateral Femoral Cutaneous Nerve Entrapment” 
published in RAD 547 (2021) was written by four authors and 
was seven pages long (19). Overall, RAD CASA – Medical Sci-
ences published 582 articles on 8010 pages, which were written 
by 1012 authors.

In its 70-year history the journal had trouble with continuity 
until 2006. That year, the Academy’s Department of Medical 
Sciences elected a new editorial board of the journal, which has 
recently been slightly expanded. This editorial board, therefore, 
led the journal from book 496 (2006) to book 552 (2022). A 
tectonic change occurred in 2007, when from book 497 the 
editorial board decided to publish the journal in English (Figure 
6). Previously, there were instances of publishing individual pa-
pers in English starting from 1981, and it also occurred in 1985, 
1987, 1988, 1989, 1991 and 2000.

Until 2006, 29 issues had been published in discontinuity. 
Since 2006, RAD CASA – Medical Sciences (starting with book 
496=30) is published continuously (one or two issues per year), 
and has been included as an open access journal on HRČAK, 
the portal of Croatian scientific and professional journals. Since 
2007 (book 497=31), when it was decided to publish the journal 
in English, it has become visible and recognizable within the 
international scientific community. The next step for the journal 
was taken in 2019, when after her election as the head of the 
Department of Medical Sciences of the Croatian Academy of 
Sciences and Arts, Vida Demarin, Fellow of the Croatian Acad-
emy, initiated within the Department a reorganization related to 

Editor Issues
Drago Perović 1 – 3
Franjo Durst 4
Drago Perović 5 – 11
Radoslav Lopašić 12
Eugen Topolnik 13
Nenad Grčević 14 – 15
Mirko Dražen Grmek 16
Nenad Grčević 17 – 25
Dragan Dekaris 26
Dragan Dekaris, Drago Buneta 27
Dragan Dekaris 28 – 29
Marko Pećina 30 – 59

Table 1. The list of editors of RAD CASA – Medical Sciences from 1951 to 2022.

Figure 6. The first issue (book) published entirely in English.

Table 2. The number of published articles, pages and authors in the history of 
RAD CASA – Medical Sciences

 

Time period Articles Pages Authors
1951 – 1991 204 4213 325
1992 – 2022 378 3797 687
1951 – 2022 582 8010 1012
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the publication of the journal. All the members of the Depart-
ment of Medical Sciences, as well as the members of the Edito-
rial Board, supported this initiative. In cooperation with Marko 
Pećina, Editor-in-Chief, new members of the Editorial Board 
and Journal Council have been nominated and elected (Figure 
7). Furthermore, changes to the format and the layout, and all 
the other changes necessary for the journal to fulfil the criteria 
set for the inclusion in the highly valued international quotation 
bases, have been proposed.
The book 537 published in 2019 also marked a new develop-
ment, since it represented a first double issue (46-47) and 
because some new names were added to the Editorial Board 
and Journal Council (20). We would especially like to point 
out that Filip Đerke, MD, who has joined the Editorial Board 
as its Secretary, has done the lion’s share of the work related to 
the redesign of the journal and the improvements with regard to 
editing and publishing. The website of the journal was created 
at www.rad-med.com, and all communications with the authors 
were transferred to the digital platform. Unlike some other 
series of RAD CASA, the journal RAD CASA – Medical Sciences 
publishes not only the scientific and professional papers, but 
also an increasing number of articles in sections such as News 
and Education, Book Reviews and Interviews. Every new double 
issue (2 books are published annually, making a total of 4 issues) 
has additional number of contributions (Figure 8). Apart from Figure 7. Current Editorial Board and Advisory Board of 

RAD CASA – Medical Sciences.

Figure 8. Contents of RAD CASA – 
Medical Sciences 552=58-59, 2022.
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an increasing number of contributions, everyone involved with 
the journal can be satisfied with the reach of published papers. 
Since its inclusion on portal HRČAK, the articles published in 
RAD CASA – Medical Sciences have reached more than 500.000 
hits, which means more than 17.000 hits per issue.
In this paper, we have focused on the historical context and the 
development of RAD CASA – Medical Sciences, which was initi-

ated as a separate series within RAD CASA in 1951. Its current 
editorial board is dedicated to the improvement of the quality 
of contributions to the journal and to its technical aspect, and 
are trying to achieve the inclusion of the journal in as much 
internationally renowned citation bases as possible. So, we con-
clude optimistically: Vivat, crescat, floreat RAD CASA – Medical 
Sciences.
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Abstract:
Introduction Postoperative cognitive dysfunction (POCD) is defined as a new cognitive impairment 
shown after operation. Many factors may contribute to POCD and has potentially two different 
patterns: acute cognitive dysfunction, known as postoperative delirium and a later onset and more per-
sistent POCD. The reported incidence vary depending on the group of patients studied, the test used, 
the time of testing and the choice of control group. POCD can only be diagnosed and measured using 
tests both pre- and postoperative. In our research we use Montreal Cognitive Assessment (MoCA) test. 
It is a widely used screening assessment for detecting cognitive impairment. Materials and Methods 
The prospective study included 30 patients who were treated at the University Hospital Centre Zagreb. 
They were anaesthetized for radical prostatectomy using the TIVA technique and divided into two 
groups: 19 patients who underwent classical surgery and 11 patients who underwent laparoscopic 
surgery. The MoCA test was analysed pre-operatively and 48 hours after surgery. Parametric tests were 
not used due to deviations of individual distributions from normal, as determined by Shapiro-Wilk 
tests (p <, 05) and due to the small number of participants. Precise p-values   were calculated, except for 
the Spearman correlation coefficient, which does not use them. Two-way tests and an alpha value of 
5% were used. Results Patients who underwent laparoscopic prostatectomy did not have statistically 
significantly different MoCA test results before surgery than those who underwent classical prostatec-
tomy (U = 59.9, z = 1.96, p = .052). After the operation, patients undergoing laparoscopic prostatec-
tomy achieved statistically significantly higher results (U = 46.0, z = 2.54, p = .011), with a moderate 
effect (r = .463). The results of the MoCA test were statistically significantly higher after surgery than 
before surgery (W = 346.5, z = -3.81, p <.001; not in the table), with a strong effect size (r = .696). 
The amount of improvement in MoCA test results was not statistically significantly different for lapa-
roscopic and classical prostatectomy (U = 78.0, z = 1.16, p = .268). Conclusion Postoperative values   
of the MoCA test are higher than the preoperative in both groups- laparoscopic and classical prosta-
tectomy. The results of the research can be explained by the fact that anxiety and concern about the 
upcoming operation affect the results of the examination pre-operatively. Other observed parameters 
did not affect the MoCA test results.

Keywords: MoCA test, anaesthesia, POCD
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Sažetak:
MoCA test i opća anestezija kod dviju kirurških tehnika
Uvod Postoperativna kognitivna disfunkcija (POCD) definira se kao novokognitivno oštećenje uočeno 
nakon operacije. Mnogi čimbenici mogu doprinijeti POCD-u,te ima potencijalno dva različita obras-
ca: akutnu kognitivnu disfunkciju, poznatu kao postoperativni delirij i kognitivne promjene dužeg tra-
janja, poznate kao POCD . Incidencija varira ovisno o ispitivanoj skupini bolesnika, korištenom testu, 
vremenu testiranja i izboru kontrolne skupine. POCD se može dijagnosticirati i mjeriti samo pomoću 
testova učinjenih prije i poslije operativnog zahvata. U našem istraživanju koristimo Montreal Co-
gnitive Assessment (MoCA) test. To je široko korišten test za otkrivanje blagih kognitivnih oštećenja. 
Materijali i metode U prospektivno istraživanje uključeno je 30 pacijenata koji su se liječili u KBC 
Zagreb. Anestezirani su za radikalnu prostatektomiju TIVA tehnikom. Podijeljeni su u dvije grupe: 19 
pacijenata koji su operirani klasičnom tehnikom te 11 pacijenata operiranih laparoskopski. MoCA test 
je analiziran preoperativno te 48 sata nakon operativnog zahvata. Parametarski testovi nisu korišteni 
zbog odstupanja pojedinačnih distribucija od normalne, što je utvrđeno Shapiro-Wilkovim testovima 
(p <,05) i zbog malog broja sudionika. Izračunate su precizne p-vrijednosti, osim Spearmanovog koefi-
cijenta korelacije koji ih ne koristi. Korišteni su dvosmjerni testovi i alfa vrijednost od 5%.  
Rezultati Bolesnici koji su bili podvrgnuti laparoskopskoj prostatektomiji nisu imali statistički značaj-
no različite rezultate MoCA testa prije operacije od onih koji su bili podvrgnuti klasičnoj prostatekto-
miji (U = 59,9, z = 1,96, p = ,052). Nakon operacije bolesnici podvrgnuti laparoskopskoj prostatekto-
miji postigli su statistički značajno veće rezultate (U = 46,0, z = 2,54, p = ,011), uz umjereni učinak (r 
= ,463). Rezultati MoCA testa bili su statistički značajno viši nakon operacije nego prije operacije (W 
= 346,5, z = -3,81, p <,001; nije u tablici), s jakom veličinom učinka (r = ,696). Količina poboljšanja u 
rezultatima MoCA testa nije bila statistički značajno različita za laparoskopsku i klasičnu prostatekto-
miju (U = 78,0, z = 1,16, p = ,268).  
Zaključak Postoperativne vrijednosti MoCA testa su više nego preoperativne, u obje grupe- laparo-
skopskoj i klasičnoj prostektomiji. Rezultate istraživanja možemo objasniti činjenicom da anksioznost 
i zabrinutost oko nadolazeće operacije utječu na rezultate ispitivanja preoperativno. Ostali promatrani 
parametri nisu utjecali na vrijednosti MoCA testa.

Ključne riječi: MoCA test, anestezija, postoperativni kognitivni poremećaj

speed and executive function.(4). Longitudinal assessments with 
mental status scales may provide additional insight into a patient’s 
clinical status (worsening, remaining stable or improving).Many 
tests are for this purpose, but two scales with moderate assessment 
times, the Mini-Mental State Examination (MMSE) and Montreal 
Cognitive Assessment (MoCA) have been studied most frequently. 
Changes on MMSE and MoCA are less sensitive in detecting 
longitudinal decline in cognition than formal neurophysiological 
testing (5). Furthermore, such scales have limitation. So, MoCA 
may be better for detecting decline in minimal cognitive impair-
ment, while the MMSE may be better for detecting decline in 
mild to moderate dementia (6). The Montreal Cognitive Assess-
ment (MoCA) is a widely used screening assessment for detecting 
cognitive impairment. It was created in 1996 by Ziad Nasred-
dine in Montreal, Quebec (7). This test consists of 30 points and 
takes part in 10 minutes from the individual. The Montreal test is 
performed in seven steps (its English version), which may change 
in some countries dependent on education and culture. The basics 
of this test include short-term memory, executable performance, 
attention, focus and more.

Introduction
Postoperative cognitive dysfunction (POCD) is defined as a 
new cognitive impairment arising after anaesthesia and surgery 
(1). Studies identify factors that contribute to POCD: general 
anaesthesia, hyperventilation,  hypotension, hypoxia, psychoactive 
drugs, patient-related factors – including ageing, genetic polymor-
phism  (APOF4) and co-morbidities such as cancer and underly-
ing neurodegenerative and neurovascular diseases (2). POCD 
broadly follows two different patterns: acute cognitive dysfunc-
tion, known as postoperative delirium and a later onset and more 
persistent POCD. The reported incidence vary depending on 
the group of patients studied, the definition of POCD used, the 
test used ,the time of testing and the choice of control group (3). 
POCD can only be diagnosed and measured using  tests both pre- 
and postoperative. Currently there are no biomarkers, neuroimag-
ing correlates or other clinical criteria which can distinct  POCD 
from other impairment. Neurophysiological tests are sensitive and 
objective tools designed to identify and measure cognitive abilities. 
They are designed to assess multiple cognitive domains including 
general function, memory, attention/concentration, processing 
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Materials and methods
The prospective study included 30 patients who were treated 
at the University Hospital Centre Zagreb. They were anaesthe-
tized for radical protectorate using the VITA technique and 
divided into two groups: 19 patients who underwent classical 
surgery and 11 patients who underwent arthroscopic surgery. 
The Coma test was analysed pre-operatively and 48 hours after 
surgery. Statistical methods Parametric tests were not used due 
to deviations of individual distributions from normal, which 
was determined by Shapiro-Wilk tests (p <.05) and due to the 
small number of participants. Precise p-values   were calculated, 
except for the Spearman correlation coefficient, which does not 
use them. Two-way tests and an alpha value of 5% were used. 
Statistical processing was performed in the SPSS program, ver-
sion 26.0 (2018, IBM Corp., Armonk, N.Y., USA). Descriptive 
data on numerical variables are presented in median and quartile. 
The statistical significance of differences in the expression of 
numerical variables between the two groups was examined by 
Mann-Whitney In tests. The difference in the severity of the 
MoCA test results before and after surgery was investigated by 
the Wilcoxon equivalent pair test. The statistical significance of 
the difference in the incidence of hypotension with respect to the 
type of prostatectomy was calculated by the chi-square independ-
ence test. The relationships between the numerical variables were 

calculated by the Spearman correlation coefficient. No analysis 
was performed for ASA status because few patients had status 
other than 2 (ASA-1 - 3 patients, ASA-2 - 25, ASA-3 - 2).

Results
Patients who underwent laparoscopic prostatectomy did not 
have statistically significantly different MoCA test results before 
surgery than those who underwent classical prostatectomy (U = 
59.9, z = 1.96, p = .052). After the operation, patients undergo-
ing laparoscopic prostatectomy achieved statistically significantly 
higher results (U = 46.0, z = 2.54, p = .011), with a moderate 
effect (r = .463). The results of the MoCA test were statistically 
significantly higher after surgery than before surgery (W = 346.5, 
z = -3.81, p <.001; not in the table), with a strong effect size 
(r = .696). The amount of improvement in MoCA test results 
was not statistically significantly different for laparoscopic and 
classical prostatectomy (U = 78.0, z = 1.16, p = .268). Patients 
undergoing laparoscopic prostatectomy had statistically signifi-
cantly lower blood loss than those undergoing classical prosta-
tectomy (U = 55.5, z = -2.37, p =.018), with a moderate effect 
size (r = .432), while no significant differences in age were found. 
patients (U = 88.0, z = -0.71, p = .497) and duration of surgery 
(U = 59.5 z = -1.95, p = .052).

Table 1. Descriptive statistics of numerical variables for laparoscopic prostatectomies, 
classical prostatectomies and the whole sample and results of Mann-Whitney U tests

Dependent variable
Lap. 

(n = 11)
Classical
(n = 19)

All
(N = 30)

U z r p

MoCA pre-op.
Q1 24 22 23

59.9 1.96 .357 .052C 25 23 24
Q3 27 25 26

MoCA post-op.
Q1 25 23 24

46.0 2.54 .463 .011C 28 25 26
Q3 29 27 28

MoCA difference
Q1 1 1 1

78.0 1.16 .212 .268C 3 2 2
Q3 3 3 3

Blood loss (ml.)
Q1 200 300 200

55.5 -2.37 .432 .018C 300 500 400
Q3 400 800 700

Age
Q1 57 58 57

88.0 -0.71 .130 .497C 60 63 62.5
Q3 69 65 65

Duration of surgery(min.)
Q1 160 120 140

59.5 -1.95 .355 .052C 180 150 165
Q3 210 205 210

 
Note: n - subgroup size, C - median, Q1 and 3– first and third quartiles, U - Mann-Whitney test amount, z - z-value, r - effect size, p - 
precise statistical significance of the test.
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No statistically significant differences were found between patients 
who did and those who did not have hypotension in the results of 
the MoCA test before surgery (U = 66.5, z = -1.91, p = .056), after 
surgery (U = 84.0, z = -1.17, p = .241) and in the improvement 
from the first test to the second (U = 112.0, z = 0, p = 1).

Table 2. Descriptive statistics of numerical variables for the number of hypotensive 
episodes and results of Mann-Whitney U tests

Table 3. Spearman coefficients of correlation of MoCA test results with blood loss, age 
and duration of surgery (N = 30)

No statistically significant correlations were found between MoCA 
test results and blood loss, age or duration of surgery before sur-
gery, after surgery, or improvement in test results (p> .05).

Blood loss Age Duration of surgery

MoCA pre-op.
rs 0.045 -0.344 0.182

p 0.812 0.063 0.337

MoCA post-op.
rs -0.044 -0.313 0.130

p 0.818 0.092 0.495

MoCA difference
rs -0.086 0.107 -0.040

p 0.651 0.574 0.832

Note: rs - effect size, p - statistical significance of the test.

Dependent variable
No hypotension

(n = 14)

Hypotension

(n = 16)
U z r p

MoCA pre-op.

Q1 22 23

66.5 -1.91 .349 .056C 24 25

Q3 25 26.5

MoCA post-op.

Q1 24 25

84.0 -1.17 .214 .241C 26 27

Q3 28 29

MoCA difference

Q1 1 1

112.0 0 0 1C 2 2

Q3 3 3

Note: n - subgroup size, C - median, Q1 and 3– first and third quartiles, U - Mann-Whitney test amount, z - z-value, r - effect size, p - 
precise statistical significance of the test.
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No statistically significant differences were found in the inci-
dence of hypotension with respect to the type of prostatectomy 
(χ2 (1) = 2.63, V = .296, p = .142).

Discussion
Several studies have demonstrated that performance on screening 
tests is influenced by socio demographic variables. It has been 
widely reported that age and educational level have a significant 
effect on cognitive screening test performance. (8,9) The influ-
ence of health variables on performance MoCA test has also been 
reported in the literature. Co-morbidity of depressive symptoms 
and cognitive decline is common, and several studies have aimed 
to clarify the complex interaction between these conditions (10). 
Additionally, also there is a significant association between 
anxiety and depressive disorders, which further raises questions 
about the complex relationship between affective symptoms and 
memory. Anxiety and concerns about the forthcoming operation 
can influence test results if performed too close  to the day of 
surgery which increases the risk of overlooking a possible cogni-
tive decline after  surgery (11).
Therefore, this may be the explanation for the results we ob-
tained in our study. Namely, postoperative patients resolved sig-
nificantly better MoCA test than preoperative. And such results 
were recorded in both groups whether they were operated classi-
cally or laparoscopically. Perioperative blood transfusion of more 
than 3 units of RBCs is an independent risk factor for POCD in 
aged patients following total hip replacement surgery (12). The 
risk factors for early POCD after gastroenterectomy included a 
high resting VAS score on the first day after surgery and alcohol 

Table 4. Contingency table of the type of operation on the presence of hypotension and 
the results of the hi-square test

Prostatectomy Total

Laparoscopic Classical

No hypotension
f 3 11 14

% 27.3% 57.9% 46.7%

Hypotension (one or two)
f 8 8 16

% 72.7% 42.1% 53.3%

Total f 11 19 30

       Hi-square: χ2 (1) = 2.63, V = .296, p = .142

Note: f - frequency,% - percentage of the total number of this type of operations.

exposure. High VAS score, preoperative WBC levels ≥10 × 10*9, 
blood loss ≥500 ml, NLR ≥2, and history of hypertension were 
independent risk factors for major POCD among which VAS 
score was one of the important predictors. (13). Due to the data 
published in various papers, we also recorded the amount of 
blood lost, duration of surgery, type of surgical technique, hypo-
tensive episodes, age, ASA qualification. All these variables were 
not statistically related to MoCA results postoperatively.
The objection to our research is that we did not measure the 
time required to perform the MoCA test. Research of Buckley 
R.A. et al. (14) demonstrates that the variable dCDT (digital 
clock drawing test) time significantly increased postoperatively 
in patients with suspected cognitive impairment. These results 
add to the growing literature suggesting that anaesthesia and 
surgery impact on patients with cognitive impairment. In this 
study, the clock scores (based on the MoCA scoring criteria) were 
not shown to significantly change from pre to postoperatively, 
indicating that the MoCA clock score criteria alone may have 
limited utility for monitoring cognitive changes for day admis-
sions at discharge.
Therefore, all of the above can only be a guide in our further 
clinical and scientific work, and a note that we must take into 
account the long-term consequences of our actions.
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Abstract:
Introduction The concept of the quality of healthcare services is constantly evolving and transforming 
depending on the interest in it and the level of involvement of medical staff and patients. Aim To as-
sess patient satisfaction with the quality of health services in private practice condition. Methods 105 
(n=105) subjects participated in the study, and it was conducted by an anonymous survey of the clinic 
which offers medical services, tests, and diagnostic procedures in the fields of gynecology, internal 
medicine, surgery, radiology, urology, and neurology. The research was conducted among patients who 
used the health services of a private practice institution from January to September 2022. The patient 
questionnaire consisted of 14 questions. Five questions related to identifying the sociodemographic 
characteristics of the respondents, and 9 questions were research questions of the Lickert type. For this 
purpose, the standardized Laschinger HCAHPS (Hospital Consumer Assessment of Healthcare Provid-
ers and Systems) questionnaire on patient satisfaction with the quality of healthcare services was used. 
Differences in numerical variables were tested by Student’s t-test or analysis of variance (ANOVA). All 
P values are two-sided (p<0.05). The statistical program MedCalc Statistical Software version 18.2.1 
was used for statistical analysis. Results The research was conducted on 105 patients, 28% of whom 
were male and 72% female. Most patients were in the age group of 61 to 70 years (30%). Patients are 
satisfied with the quality of healthcare services. The highest average score for reception and waiting 
time (4.9), the lowest score for being informed about upcoming interventions and treatments and 
professional approach (4.68). Conclusion Patients show a high degree of satisfaction with the general 
services provided. 

Keywords: patient satisfaction, health service, personal satisfaction.

Sažetak:
Pacijent kao faktor procjene kvaliteta zdravstvene usluge ustanove privatne prakse
Uvod Koncept kvaliteta zdravstvenih usluga neprekidno napreduje i transformira se ovisno o zainte-
resiranosti za njega i niova uključenosti medicinskog osoblja i pacijenata. Cilj rada Procijeniti zado-
voljstvo pacijenata kvalitetom zdravstvenih usluga u uslovima privatne prakse. Materijali i metode 
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U ispitivanju je učestovalo 105 (n=105) ispitanika, a provedeno je anonimnom anketom klinike koja 
nudi medicinske usluge, pretrage i dijagnostičke postupke iz područja ginekologije, interne medicine, 
hirurgije, radiologije, urologije i neurologije. Istraživanje je sprovedeno među pacijenatima koji su 
koristili zdravstvene usluge ustanove privatne prakse u periodu od januara do septembra 2022. Anketa 
za pacijente se  sastojala  od 14 pitanja. Pet pitanja odnosilo se na identificiranje sociodemografskih 
obilježja ispitanika, a 9 pitanja su bila istraživačka pitanja Lickertova tipa. U tu svrhu korišten je stan-
dardizirani Laschingerov HCAHPS (Hospital Consumer Assessment of Healthcare Providers and Systems) 
upitnik o zadovoljstvu pacijenata kvalitetom zdravstvene usluge. Razlike brojčanih varijabli testirane 
su Studentovim t-testom ili analizom varijanse (ANOVA). Sve P vrijednosti su dvostrane (p<0,05). Za 
statističku analizu korišten je statistički program MedCalc Statistical Software version 18.2.1. Rezul-
tati Istraživanje je provedeno na 105 pacijenata, od kojih je 28% muškog spola i 72% ženskog spola. 
Najviše pacijenata je bilo u dobnoj skupini od 61 do 70 godina (30%). Pacijenti su zadovoljni kvali-
tetom zdravstvene usluge. Najveće zadovoljstvo iskazali su u pogledu prijema u zdravstvenu ustanovu 
i čekanja na pregled, dok je zadovoljstvo bilo nešto manje kad je u pitanju stručni pristup i informira-
nost o predstojećim intervencijama i tretmanima.
Zaključak Pacijenti pokazuju visok stepen zadovoljstva opštim pruženim uslugama. 

Ključne riječi: zadovoljstvo pacijenata, zdravstvena usluga, lično zadovoljstvo.

Introduction
The quality of services in healthcare is increasingly the subject 
of research. A special place in such researches is the measure-
ment of the quality of health services, where an important role 
is played by determining how they are perceived by users. The 
quality of services in general, including health services, is subjec-
tive in nature. It depends, first of all, on the level of meeting the 
needs and expectations of the users. Quality is considered a key 
factor in differentiation and service excellence. It is a potential 
source of sustainable competitive advantage, so understanding, 
measuring and improving it are important challenges for all 
healthcare organizations [1]. Many researchers have emphasized 
the importance of determining the role of quality in patient 
choice of hospital, as well as patient satisfaction and retention, 
and argued that improving the quality of hospital services will 
increase the number of satisfied patients and thus patient loyalty 
[2,3]. Patient satisfaction is defined as the difference between 
what the patient expects and what he experiences as a user [4]. 
The degree of patients’ satisfaction with the health service is one 
of the indicators of the quality of health care within the World 
Health Organization “Health for All” program - WHO HFA [5]. 
The perception of the quality of health care depends on: physical 
access to patients, the fulfillment of their psychosocial needs, and 
the multidimensional responsibility of the nurse [6]. Measuring 
patient satisfaction is becoming part of social participation in the 
healthcare system [7]. Satisfaction is increased when patients feel 
that they are active participants in their treatments, when they 
participate in treatment planning, when they are encouraged 
to ask questions and when they feel that they are provided with 
emotional support [8].

Method
105 (n=105) subjects participated in the study, and it was 
conducted by an anonymous survey of patients of a private 
clinic that offers medical services, examinations and diagnostic 
procedures in the fields of gynecology, internal medicine, surgery, 
radiology, urology and neurology. The research was conducted 
among patients who used the health services of a private practice 
institution in the period from January to September 2022. The 
survey questionnaire was sent to the patient’s email, which was 
entered in the patient’s health record. During the selection of re-
spondents, priority was given to patients who used two or more 
medical services of the institution for at least two years. The 
selected patients were selected so that there was an even number 
from each medical field whose services they used. 
The patient questionnaire consisted of 14 questions. Five ques-
tions related to identifying the sociodemographic characteristics 
of the respondents (age, gender, level of education, work status 
and reason for visiting the health facility) with 9 research ques-
tions according to the Lickert type (1 - extremely dissatisfied, 2 
- dissatisfied, 3 - neither satisfied nor dissatisfied, 4 - satisfied and 
5 - extremely satisfied), quality indicators, intended to examine 
the elements of patient satisfaction. Patient satisfaction was ex-
amined with regard to gender, age, level of education and reason 
for visiting the health care facility. For this purpose, the stand-
ardized Laschinger HCAHPS (Hospital Consumer Assessment 
of Healthcare Providers and Systems) questionnaire on patient 
satisfaction with the quality of healthcare services was used.
Categorical data are represented by absolute and relative fre-
quencies. Numerical data are described by arithmetic mean and 
standard deviation. The normality of the distribution of numeri-
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cal variables was tested with the Shapiro-Wilk test. Differences in 
numerical variables were tested by Student’s t-test or analysis of 
variance (ANOVA). All P values   are two-sided (p<0,05). 

Results 
In the studied sample of 105 patients, there were more women 
than men, 75 versus 29. The majority of patients were between 
the ages of 61 and 70 (30%). Regarding the level of education, 
45 have a university degree, 19 have a higher education, 33 have 
a secondary education, while 8 are unqualified. 65 patients were 
recruited. The two main reasons for visiting the institution were 
conservative treatment (51 patients) and application of therapeu-
tic doses (50 patients) (Table 1).
The self-assessment of satisfaction with the health services of a 
private practice health institution shows that the respondents are 
extremely satisfied with the following dimensions: the general en-
vironment of the health institution (99), the waiting time for the 
appointment (98), the reception during the visit to the health 
institution (96), the introduction of the nurse (91), information 
about the rights of the patient (87), obtaining comprehensible 
answers to questions (85), dedicated time during the provision of 

Table 1. Basic characteristics of the respondents)

health services (84), being informed about upcoming interven-
tions and treatments (78), and the professional approach of the 
nurse (78). 
Respondents are satisfied with: information about upcoming 
interventions and treatments (21), professional approach (21). 
dedicated time during the provision of health services (16), ob-
taining comprehensible answers to questions (15), information 
about the patient’s rights (12), introduction of the nurse (11), 
reception during the visit (8), waiting time for the appointment 
(4), general environment health institutions (1).
A small number of patients are neither satisfied nor dissatisfied 
with: being informed about upcoming interventions and treat-
ments (6), professional approach (6), being informed about the 
patient’s rights (6), the time devoted to them during the provi-
sion of health services (5), getting comprehensible answers to the 
questions (5), the general environment of the institution (5), the 
presentation of the nurse (3), the waiting time for the appoint-
ment (3) and the reception during the visit (1). Respondents 
did not express dissatisfaction or complete dissatisfaction in any 
dimension (Table 2).

Karakteristika Broj ispitanika (%)

Gender 
Male 

Female 

29 (28%)

75 (72%)

                Age 

Up to 40 years

41-50 years

51-60 years

61-70 years

71 71 and older

20 (20%)

25 (25%)

21 (21%)

30 (30%)

14 (14%)

Level of education

No shooling 

Secondary education

College degree

university degree

8 (7,5%)

33 (31%%)

19 (18%)

45 (43%)

Employment status

Pupil – student 

Employed

Not employed

Pensioner

4 (3,8%)

65 (62%)

7 (6,5%)

29 (27%)

The reason for the visit to the health facility

Application of therapeutic doses

Preoperative preparation

Conservative treatment

50 (47%)

4 (4%)

51 (49%)
TOTAL 105 (100%)
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Table 2. Self-assessment of satisfaction with the quality of healthcare services

*The Likert grading scale includes 5 grades, where grade 1 is the lowest grade, and grade 5 is the highest grade.

There is no statistically significant difference in satisfaction with 
the quality of health services in relation to gender. Men were the 
least satisfied with the reception at the health facility (average 
score 4.75), while women were the least satisfied with the presen-
tation of interventions and treatments (average score 4.8) (Table 
3). By analyzing satisfaction with the quality of health care ser-
vices among age groups, a statistically significant difference was 
found in satisfaction with the presentation of the nurse. Patients 
aged 41 to 50 were the least satisfied with that service. There was 
no significant difference in satisfaction with other services (Table 
4). By comparing the satisfaction with the health service among 
patients of different levels of education, a statistically signifi-
cant difference was found in satisfaction with the reception, 
the presentation of the nurse, the presentation of treatments 

Strongly disagree Disagree Neither agree 
nor disagree Agree Strongly 

agree Total Average 

Are you satisfied with your 
reception during the visit?  0 0 1 8 96 105 4,90

Are you satisfied with the 
presentation of the nurse?  0 0 3 11 91 105 4,83

Are you satisfied with being 
informed about upcoming 
interventions and treatments?

0 0 6 21 78 105 4,68

Are you satisfied with the 
time devoted to you during 
the provision of health care 
services?

0 0 5 16 84 105 4,75

Are you satisfied with the 
professional approach when 
providing medical care?

 0 0 6 21 78 105 4,68

Are you informed about your 
rights as a patient? 0 0 6 12 87 105 4,77

Did you get comprehensible 
answers to your questions?  0 0 5 15 85 105 4,76

Are you satisfied with the 
general environment of the 
health care facility?

0 0 5 1 99 105 4,89

Are you satisfied with the 
time you wait for the exami-
nation appointment?

 0 0 3 4 98 105 4,90

and interventions, the professional approach of the nurse and 
obtaining comprehensible answers to questions. Patients with 
a higher professional education were the least satisfied with the 
professional approach of the nurse, while patients with a higher 
professional education were also less satisfied with the reception 
at the health institution (Table 5). Analyzing satisfaction with the 
health service in relation to work status, a statistically significant 
difference was found in satisfaction with the presentation of 
nurses, which was the least satisfied with the students, and with 
the presentation of interventions and treatments, with which the 
employed patients were the least satisfied. (Table 6). By compar-
ing patient satisfaction in relation to the reason for the visit, a 
statistically significant difference was found in satisfaction with 
the presentation of the nurse (Table 7).
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Table 3. Average Satisfaction with healthcare services in relation to gender 

 
Arithmetic mean (standard deviation)

Male Female Total P*

Are you satisfied with your reception during the visit?
4,75

 (0,5)

4,92 

(0,2)

4,91 

(0,3)
0,33

Are you satisfied with the presentation of the nurse?

 

4,93 

(0,3)

 

4,86 

(0,4) 

 

4,87

 (0,3)

 

0,50

Are you satisfied with being informed about upcoming interventions and 
treatments?

 

4,78 

(0,5) 

 

4,8 

(0,5)

 

4,75

 (0,5)

 

0,87

Are you satisfied with the time devoted to you during the provision of health 
care services?

 

4,93 

(0,3)

 

4,84 

(0,4)

 

4,86 

(0,4)

 

0,29

Are you satisfied with the professional approach when providing medical care?
4,80 

(0,6)

4,82 

(0,4)

4,83 

(0,4)
0,64

Are you informed about your rights as a patient?
4,93 

(0,3)

4,93 

(0,3)

4,93 

(0,3)
0,92

Did you get comprehensible answers to your questions?
4,93 

(0,3) 

4,84

 (0,4)

4,86 

(0,4)
0,28

Are you satisfied with the general environment of the health care facility?
4,81 

(0,6) 

4,83 

(0,4)

4,84

 (0,5)
0,88

Are you satisfied with the time you wait for the examination appointment?
4,81 

(0,6) 

4,82 

(0,4)

4,84 

(0,5)
0,12

ANOVA - significance level of differences P=0.05
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Table 4. Satisfaction with the quality of healthcare services in relation to age

*ANOVA level of significance of the difference at the P=0.05 level, AS - arithmetic mean, SD - standard deviation

 
Arithmetic mean (standard deviation)

40 41-50 51-60 61-70 71- P*

Are you satisfied with your reception during the visit?
4,85

 (0,4)

4,96 

(0,2)

4,88 

(0,4)

4,91 

(0,2)
5 (0) 0,41

Are you satisfied with the presentation of the nurse?
4,85 

(0,4)
  4,71 (0,5)

4,96 

(0,2)

       5 

(0)

4,95

(0,2)
0,009

Are you satisfied with being informed about upcoming 
interventions and treatments?  4 ,67 (0,6)

4,79 

(0,6)

4,8 

(0,4)

4,81 

(0,5)

4,95 

(0,2)
0,45

Are you satisfied with the time devoted to you during 
the provision of health care services?

4,81 

(0,5)

4,75 

(0,5)

4,96 

(0,2)

4,97 

(0,2)

4,84

 (0,5)
0,17

Are you satisfied with the professional approach when 
providing medical care?

4,80 

(0,4)

4,75 

(0,5)

4,83 

(0,4)

4,81

 (0,5)

4,88 

(0,5)
0,85

Are you informed about your rights as a patient?
4,93 

(0,3)

4,93 

(0,3)

4,93

 (0,3)

4,93

 (0,3)

4,93 

(0,3)
0,19

Did you get comprehensible answers to your ques-
tions?

4,93

 (0,3) 

4,84

 (0,4)

4,86 

(0,4)

4,86

 (0,4)

4,86

 (0,4)
0,61

Are you satisfied with the general environment of the 
health care facility?

4,81 

(0,6) 

4,83 (

0,4)

4,84 

(0,5)

4,84 

(0,5)

4,84

 (0,5)
0,63

Are you satisfied with the time you wait for the exami-
nation appointment?

4,81 

(0,4) 

4,75 

(0,5)

4,84 

(0,4)

4,81 

(0,5)

4,89

 (0,3)
0,85 

Arithmetic mean (standard deviation)

NK SSS VŠS VSS  Ukupno P*

Are you satisfied with your reception during the visit? 5 (0) 4,96 (0,3) 4,73 
(0,5)

4,64 
(0,5) 4,92 (0,3) 0,001

Are you satisfied with the presentation of the nurse? 4,93 
(0,3) 4,86 (0,4) 5 4,87 

(0,3)
4,87 
(0,3) 4,87 (0,3) 0,005

Are you satisfied with being informed about upcoming 
interventions and treatments?

4,78 
(0,5) 4,8 (0,5) 4,75 

(0,5)
4,75 
(0,5) 4,75 (0,5) 0,01

Are you satisfied with the time devoted to you during 
the provision of health care services?

4,93 
(0,3) 4,84 (0,4) 4,86 

(0,4)
4,86 
(0,4) 4,86 (0,4) 0,08

Are you satisfied with the professional approach when 
providing medical care?

4,97 
(0,2) 4,86 (0,4) 4,64 

(0,7)
4,64 
(0,5) 4,85 (0,5) 0,04

Are you informed about your rights as a patient? 4,82 
(0,5) 4,81 (0,5) 4,85 

(0,4)
4,83 
(0,3) 4,93 (0,3) 0,94

Did you get comprehensible answers to your ques-
tions?

4,5 
(0,7) 4,84 (0,5) 4,94 

(0,2)
4,87 
(0,3) 4,87 (0,4) 0,39

Are you satisfied with the general environment of the 
health care facility?

4,81 
(0,6) 4,83 (0,4) 4,84 

(0,5)
4,84 
(0,5) 4,84 (0,5) 0,01

Are you satisfied with the time you wait for the exami-
nation appointment?

4,84 
(0,5) 4,86 (0,4) 4,82 

(0,4)
4,64 
(0,9) 4,83 (0,5) 0,55

Table 5. Average Satisfaction with the quality of healthcare services in relation to education level

*ANOVA, P - significance level of difference P=0.05, AS - arithmetic mean



Original Article

RAD 553. Medical Sciences 60-61 (2022) : 22-32                       www.rad-med.com 28 December 2022   -   Vol 553 = 60-61

Discusion
There are many models for measuring the quality of a healthcare 
facility, which is expressed by the quality of healthcare services, 
however, there is no single model that is applicable to all health-
care facilities. 
Piligrimiene et al. [9] found that the quality of healthcare 
services is a complex and multidimensional concept [10,11] 
and that there is no single way to define it. In our research, this 
is confirmed by the concept of multidimensional measurement 
of quality: interpersonal relationship and trust, education and 
information, and technical-professional competence.
According to Padma et al. [12], dimensions of service quality 
should be developed through the involvement of patients and 
other stakeholders and do not have to be based on models. Our 
research results confirm that when evaluating quality, patients 
give preference to parameters that are not directly related to 
the medical service, such as being informed about the patient’s 
rights. These authors add that patients are not always the most 

Table 6. Average satisfaction with the health service in relation to the action status

Arithmetic mean (standard deviation)

Student Employed Unepleoyed Retired Total P*

Are you satisfied with your reception during the 
visit? 5 (0)

4,84 

    (0,4)
5 (0)

4,96 

(0,2)

4,92 

(0,3)
0,09

Are you satisfied with the presentation of the 
nurse?

4,5 

(0,7)

4,78 

(0,5) 

4,97 

(0,2)

4,98 

(0,1)

4,89 

(0,3)
0,005

Are you satisfied with being informed about 
upcoming interventions and treatments?

5

(0) 

4,63 

(0,7)

4,87 

(0,3)

4,91 

(0,3)

4,79 

(0,5)
0,02

Are you satisfied with the time devoted to you 
during the provision of health care services?

4,5 

(0,7)

4,78 

(0,5)

4,9 

(0,3)

4,87 

(0,4)

4,86 

(0,4)
0,09

Are you satisfied with the professional approach 
when providing medical care?

5

(0)

4,73 

(0,5)

4,9 

(0,3)

4,85 

(0,4)

4,82 

(0,4)
0,24

Are you informed about your rights as a patient?
5

(0)

4,86 

(0,4)

5 

(0)

4,96 

(0,2)

4,93 

(0,3)
0,15

Did you get comprehensible answers to your 
questions?

4,5 

(0,7)

4,84 

(0,5)

4,94 

(0,2)

4,87 

(0,3)

4,87 

(0,4)
0,39

Are you satisfied with the general environment of 
the health care facility?

5

(0) 

4,9 

(0,3)

4,94 

(0,2)

4,84 

(0,5)

4,89 

(0,5)
0,91

Are you satisfied with the time you wait for the 
examination appointment?

4,5 

(0,7) 

4,96 

(0,3)

4,9 

(0,3)

4,87 

(0,5)

4,91 

(0,4)
0,25

*ANOVA, P - significance level of difference P=0.05, AS - arithmetic mean

relevant parameter of quality, and they also give preference to 
doctors who are a necessary input for patient treatment. 
Habbal [13] and Ladhari [14] did not support the SERVQUAL 
scale with 22 variables because there is still much to be observed 
in the patient-physician relationship. Pai and Chary [15] came 
to the conclusion that it is necessary to investigate the quality of 
health care dimensions instead of adopting existing dimensions 
and scales.
Byju and Srinivasulu [16] also clearly stated that the technical 
aspect of the service provided is not a priority. The patients who 
participated in our research give priority to the professional ap-
proach of the medical staff. They point out that understanding 
the opinions of stakeholders (namely, health care providers, pa-
tients, managers and support staff members) is an important ele-
ment, because together they will make a greater contribution to 
the development of a better health service measurement model. 
According to research [17,18], patients have high expectations 
from private practice and are satisfied with the quality of service.
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*ANOVA, P - significance level of difference P=0.05, AS - arithmetic mean

Table 7. Average Satisfaction with healthcare services in relation to to the reason for visiting the health facility

 
Arithmetic mean (standard deviation)

Application of 
therapeutic doses

preoperative 
preparation treatment Total P*

Are you satisfied with your reception during 
the visit?

4,75

(0,5)

4,91

(0,3)

4,91

(0,3)

4,91

(0,3)
0,99

Are you satisfied with the presentation of the 
nurse?

4,89

(0,4)

4,81

(0,4)

4,94

(0,2)

4,89

(0,3)
0,02

Are you satisfied with being informed about 
upcoming interventions and treatments?

4,78

(0,5)

4,75

(0,5)

4,75

(0,5)

4,75

(0,5)
0,74

Are you satisfied with the time devoted to you 
during the provision of health care services?

4,93

(0,3)

4,86

(0,4)

4,86

(0,4)

4,86

(0,4)
0,12

Are you satisfied with the professional 
approach when providing medical care?

4,80

(0,6)

4,83

(0,4)

4,83

(0,4)

4,83

(0,4)
0,39

Are you informed about your rights as a 
patient?

4,85

(0,5)

4,81

(0,4)

4,81

(0,4)

4,93

(0,3)
0,19

Did you get comprehensible answers to your 
questions?

4,83

(0,5)

4,81

(0,4)

4,88

(0,4)

4,85

(0,4)
0,06

Are you satisfied with the general environment 
of the health care facility?

4,91

(0,3)

4,94

(0,3)

4,9

(0,4)

4,91

(0,3)
0,96

Are you satisfied with the time you wait for the 
examination appointment?

4,88

(0,4)

4,94

(0,3)

4,92

(0,3)

4,9

(0,3)
0,87

Our research results showed higher expectations of female pa-
tients compared to male patients. Patients aged 41 to 50 are sig-
nificantly less satisfied with the nurse’s presentation compared to 
other age groups, while there is no significant difference between 
age groups in relation to other questions. Similar results were 
obtained in earlier studies [19,20]. In the studies of Yeşilad and 
Direktouml [21], there is no significant difference in satisfaction 
with the quality of the health service in relation to gender.
The smallest gap in the perception of quality among private prac-
tice health institutions is in tangible dimensions, which confirms 
that private practices have paid attention to the physical aspects 
and infrastructure of service delivery. A high gap is evident in the 
dimension of empathy, which indicates the need to improve the 
relationship between doctors, nurses and patients. This is similar 
to the results obtained from the study by Huang et al. [22], but 
contrary to the results of Jabnoun and Chaker’s study [23]. Hu-
man elements are more important than non-human elements in 
patients’ perception of the quality of private healthcare institu-

tions [24], and interpersonal relationships are one of the most 
important factors in quality perception [25,26]. According to 
our research results, the quality of service depends on communi-
cation and information about upcoming treatments.
The results of studies conducted by Amery et al. [27] showed 
the importance of interpersonal relationships as a component 
of service quality. According to this study, doctors/staff must 
make patients aware of their disease state, answer their questions, 
recognize and attend to their emotional and social needs, and be 
available when needed. Professional, timely and quality services 
are what patients expect. Our research results showed that it is 
important for patients to be aware of upcoming treatments and 
interventions
Bakar et al [28] found that patients with higher education have 
higher expectations to receive better quality services than others. 
In the study by Zarei et al. there is a significant relationship 
between education and hospital choice, and those with higher 
education had higher expectations than less educated patients 
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[29]. Our research results are compatible with the results of 
previous studies.
A study by Alsaqri [30] showed that people who consider them-
selves healthy are more likely to be satisfied with access to care. 
Compared to previous studies, our research results show that the 
time spent in providing medical care is important to patients.
Effective and continuous interaction are key determinants for 
patient satisfaction [31]. According to our research results, the 
professional approach and presentation of the medical staff is a 
significant parameter of satisfaction.
Andaleeb in his research [32] compared the quality of services 
provided in public and private hospitals. He assumed that private 
hospitals, given that they are not subsidized and are dependent 
on income from patients, should be more motivated than public 
hospitals to provide patients with the expected quality of service. 
This assumption is supported. They also determined that the 
sociodemographic characteristics of the respondents have a direct 
impact on the behavior and satisfaction of patients. Our research 
results show that the patient’s age affects satisfaction with the 
quality of health care services. Our research did not include the 
purchasing power of patients and its impact on satisfaction with 
the quality of the health service provided.
Sohail investigated the quality of services in private hospitals. 
The results showed that the perceived value of the services 
exceeded expectations for all measured variables [33]. Accord-
ing to our research results, patients expect improvements in the 
interpersonal dimension.
Pakdil and Harwood found that a key dimension for patient 
satisfaction is the accuracy of information about anesthesia and 
the operative procedure. The second most rated dimension was 
friendliness and kindness, while the biggest gap was found be-
tween the expected and actual waiting time in the clinic [34]. In 
our research, the waiting time for the appointment and the way 
of presenting the upcoming treatments and interventions were 
determined as important parameters in the assessment of the 
quality of the health service.
Karassavidou and colleagues determined that the human aspect is 
the most important dimension of the overall quality assessment 
[35]. Our research results also confirm the results obtained by 
Karassavidou et al.
Lei and Jolibert analyzed the relationship between quality, 
satisfaction and loyalty by measuring perceived service quality. 
They applied a model with only five statements and proved that 
perceived quality improvement does not directly lead to client 
loyalty, but that loyalty depends on the level of patient satisfac-

tion [36]. Patient loyalty was the starting point of our research. 
The research included patients who were repeat users of the 
institution’s health services two or more times.
Krishnamoorthy and Srinivasan identified 10 dimensions of 
service quality in hospitals: medical service, understanding, 
admission, discharge, physical environment, equality, infrastruc-
ture, tangibility, medical care and medical availability. It was also 
determined that of all the dimensions, only tangibility, reception, 
equality, medical service and medical care have a significant im-
pact on patient satisfaction [37]. The results of our research are 
compatible with the parameters of admission and medical care 
from the results of previous studies. 
Peprah and Atarah showed that the overall satisfaction of patients 
with the services received is good, but also that there are negative 
gaps in four of the six dimensions used. Reliability, communica-
tion/interpersonal relations, safety and responsibility are dimen-
sions that did not meet patients’ expectations [38]. The results of 
our research showed that patients expect reliable communication.
Zare et al. investigated the impact of service quality on patient 
satisfaction in private hospitals. They found a significant associa-
tion between service quality and patient satisfaction, with service 
costs, process quality, and interaction quality having the greatest 
impact on overall patient satisfaction [39]. In our research, it was 
determined that the overall satisfaction of the patient depends on 
the interpersonal dimension of the medical staff.
Quintela, Correia, and Antunes identified three service quali-
ties and proved that patient satisfaction is most influenced by 
employees’ ability to act reliably and accurately, their willingness 
to help and provide prompt service, and individualized attention 
[40]. In our research results, individualized attention was recog-
nized as a significant factor in patient satisfaction.

Limitation of research
The research was conducted in a private clinic. In our research, 
the influence of the economic status of patients who pay for 
services was not analyzed. The influence of the severity of the 
clinical picture, i.e. the degree of the disease, the research results 
were not taken into consideration.

Conclusion
The research established a high level of satisfaction among users 
of private practice health services. The parameters of the inter-
personal dimension and trust were rated somewhat lower. Wider 
studies are needed that will more comprehensively show the 
degree of satisfaction with services in all segments.
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Abstract: 
Introduction The prevalence of chronic kidney disease (CKD) in the general population is 9.1%. Cur-
rent guidelines recommend a cut-off GFR value of 60 mL/min/1.73 m2 for diagnosis of CKD, without 
considering the physiological decline of GFR with aging, or the association with cardiovascular (CV), 
cerebrovascular or renal outcomes. There is also an increase in arterial stiffness with aging, which is es-
timated by pulse wave velocity (PWV). Aim The aim of this study is to show how the ePWV predicts 
CV incidents independently of SCORE chart and traditional risk factors. Materials and Methods 
This prospective observational study will include 2058 subjects from the Endemic nephropathy in 
Croatia – epidemiology, diagnosis and etiopathogenesis scientific research project. Conclusion This 
will be the first study that could show how the estimated arterial stiffness, independently of CKD 
contributes to overall CV, cerebrovascular and renal risk. We could also, based on the results, propose 
an age-independent definition of CKD based on the association with CV disease and mortality.

Keywords: chronic kidney disease, ePWV, cardiovascular risk, arterial stiffness

Sažetak: 
Procijenjena arterijska krutost i kardiovaskularni rizik u kroničnoj bubrežnoj bolesti  – 
protokol studije
Uvod Učestalost kronične bubrežne bolesti (KBB) u općoj populaciji iznosi 9,1%. Današnje smjernice za 
dijagnozu preporučuju graničnu vrijednost glomerularne filtracije (GFR) od 60 mL/min/1,73m2, ne uzi-
majući u obzir fiziološki pad GFR sa starenjem niti povezanost s kardiovaskularnim (KV), cerebrovasku-
larnim (CV) ili renalnim ishodima. Sa starenjem dolazi i do porasta krutosti velikih krvnih žila, koja se 
procjenjuje brzinom pulsnoga vala (ePWV). Cilj rada Cilj ovoga rada je pokazati kako ePWV predviđa 
KV incidente neovisno o procjeni KV rizika uporabom tablica SCORE i tradicionalnih čimbenika rizika. 
Materijali  i metode Ovo prospektivno opservacijsko istraživanje uključit će 2058 ispitanika znanstveno-
istraživačkoga projekta Endemska nefropatija u Hrvatskoj – epidemiologija, dijagnostika i etiopatogene-
za. Zaključak Ovo će biti prva studija koja bi mogla pokazati kako procijenjena krutost velikih krvnih 
žila neovisno o KBB doprinosi ukupnom KV, CV i renalnom riziku. Također bismo na temelju rezultata 
mogli predložiti o dobi neovisnu definiciju KBB na temelju povezanosti s KV pobolom i smrtnosti.

Ključne riječi: kronična bubrežna bolest, ePWV, kardiovaskularni rizik, krutost velikih krvnih žila
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renal outcomes (16). Today, an age-adjusted definition of CKD 
has been proposed, where eGFR threshold values   are different 
for those younger than 40 and older than 65 and are determined 
according to CV risk (16). This way of determining eGFR could 
distinguish physiological changes in GFR with age from those 
associated with actual CKD.

Estimated arterial stiffness and 
cardiovascular risk 
In addition to the fact that with aging there is a decrease in 
GFR, there is also an increase in the arterial stiffness. The in-
crease in arterial stiffness with aging is a consequence of several 
pathophysiological mechanisms that lead to damage of the 
function of the vascular system. With aging, there are structural 
changes in the arteries, i.e. the degeneration of elastin fibres 
and their replacement by collagen that is much less elastic, 
and an increase in the production of vasoconstrictors with a 
decrease in the bioavailability of endothelial relaxation factors 
such as nitric oxide (NO) (17). In patients with CKD and end-
stage kidney disease (ESKD), hyperphosphatemia, hypercalce-
mia and the development of secondary hyperparathyroidism 
also contribute to the increase in arterial stiffness (18). The 
increased concentration of serum phosphates plays a significant 
role in the formation of calcifications i.e., it leads to reduced 
arterial elasticity, and consequently increased arterial stiffness 
and higher CV mortality (19,20). Arterial stiffness, which is 
assessed by pulse wave velocity (PWV), is a strong predictor 
of CV incidents and mortality in the general population, in 
patients with arterial hypertension and especially in patients 
with CKD (21-23). According to the guidelines of the Euro-
pean Society of Cardiology from 2018, a PWV value >10 m/s 
is considered a pathological value that has a predictive value for 
CV incidents in hypertensive patients (24-27). Today, PWV 
can be reliably measured by different methods, such as tono-
metric, sonographic, oscillometric, piezoelectric methods or 
by implementation in existing devices for 24-hour continuous 
measurement of arterial pressure (28). The gold standard for 
determining PWV is the measurement of PWV from carotid 
to femoral artery (cfPWV). However, direct measurements of 
cfPWV have proven to be impractical in daily clinical work and 
in epidemiological studies. Recently, it has been shown that 
estimated PWV (ePWV) calculated by a validated equation 
that includes age and mean arterial pressure correlates well with 
cfPWV and has a predictive role in hypertensive patients with 
different degrees of CV risk (29). ePWV predicts CV events 
independently of CV risk assessment using SCORE tables and 
traditional risk factors defined according to the Framingham 
study (30-33). Studies have shown that ePWV should be used 
in daily clinical practice due to its simplicity of execution and 
high predictive value in CV risk assessment (27,32,33).

Determination of chronic kidney disease and 
cardiovascular risk
According to the results of the epidemiological studies, the 
prevalence of chronic kidney disease (CKD) in 2017 in the 
general population is 9.1% with an observed increase trend of 
29.3% in the period from year 1990 to 2017 (1). High mortal-
ity from CKD was recorded in 2017 when the total number of 
deaths was more than 1 million, while CKD as the leading cause 
of death in the period from year 1990 to 2017 went from 12th 
to 17th place (1, 2). The most important factors that lead to an 
increase in prevalence of CKD are diabetes, arterial hyperten-
sion, and obesity (3,4,5). CKD is associated not only with the 
risk of end-stage renal disease and the need for replacement 
therapy, but already in the early stages it is an independent factor 
of cardiovascular (CV) risk. Research have shown that only one 
in five patients with CKD experience the need for replacement 
therapy, while the rest die most often due to CV or cerebrovascu-
lar causes (4,5,6). The presence of CKD, whether manifested as 
proteinuria, i.e. albuminuria or a decrease in glomerular filtration 
rate (GFR), is an independent risk factor for fatal and non-fatal 
CV outcomes (7,8). CV risk in CKD increases with decreasing 
estimated GFR (eGFR) value, from a 43% higher CV risk with 
eGFR values   of 45 to 59 mL/min/1.73 m2 to a 343% increase 
in CV risk with an eGFR value of less than 15 mL/min/1.73 m2 
(6). According to the Kidney Disease Improving Global Out-
comes (KDIGO) guidelines for the assessment and treatment 
of chronic kidney disease from 2012, the diagnosis of CKD is 
defined as a proven impairment of kidney function lasting longer 
than 3 months with a decrease in eGFR <60 mL/min/1.73 m2 
or without it and/or with the presence of albuminuria defined as 
the ratio of albumin to creatinine in the urine (English albu-
min creatinine ratio, ACR) >30 mg/g (7). The KDIGO 2012 
guidelines recommend the use of the 2009 CKD Epi equation 
for determining eGFR in the adult population and alternative 
equations if they show greater precision compared to the CKD 
Epi equation (7,9). And according to the KDIGO guidelines for 
the treatment of glomerular diseases from 2021, the determina-
tion of creatinine clearance and the determination of glomerular 
filtration with cystatin and the use of the MDRD equation are 
recommended in the case when the value of glomerular filtration 
is less than 60 mL/min (10). The disadvantages of the CKD Epi 
equation are: 1. it is adjusted according to the unique value of 
the average body surface area (BSA), which is 1.73 m2, which 
is significantly different from today’s actual BSA value; 2. study 
in which the equation was derived included a small percent-
age of subjects over 70 years of age (9). There are debates about 
the proper definition of CKD and the threshold value of GFR 
for establishing the diagnosis of CKD (11-16). Today’s guide-
lines recommend the use of an eGFR cut-off value of 60 mL/
min/1.73 m2, considering neither the physiological decline of 
GFR with aging nor the association with CV, cerebrovascular or 
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Although it is known that CKD is an independent factor of CV 
risk, it is an open question how much does ePWV contributes to 
CV, cerebrovascular and renal risk in CKD that is defined with 
an age-adjusted definition.

Study aims 
The aim of this study is to determine whether the predictivity 
of estimated arterial stiffness (ePWV) for fatal and nonfatal CV, 
cerebrovascular, and renal outcomes is independent of guideline-
defined chronic kidney disease (CKD) that is defined as eGFR 
<60 mL/min/1.73 m2 or age-adjusted definition of CKD. Also, 
this study will analyse risk factors for ePWV depending on the 
stage of CKD determined according to the guidelines and using 
an age-adjusted definition of CKD. We will show predictability 
of all traditional CV risk factors and ePWV for total and CV 
mortality, and for certain fatal and non-fatal outcomes and 
analyse causes of death and frequency of morbidity depending 
on ePWV in subjects classified as persons with CKD defined in 
both ways, and in persons without CKD.

Study design and subjects
This will be a prospective, observational study that will include 
2,058 adults, subjects of the scientific research project Endemic ne-
phropathy in Croatia - epidemiology, diagnostics and etiopathogen-
esis (Ministry of Science, Education and Sports 108-0000000329). 

Subjects will be monitored for an average of 12 years (2005-2021).
At the initial follow-up point, all subjects signed a written 
informed consent and filled out an extensive questionnaire 
containing information on personal and family history and were 
clinically examined, and blood and first urine sample was taken. 
In final follow-up point we will obtain the data on fatal and non-
fatal CV, cerebrovascular and renal outcomes from the archives 
of general practitioners and from the register of deaths of the 
Croatian Institute of Public Health. Causes of fatal and non-fatal 
outcomes will be classified using International Classification of 
Diseases (ICD 10) codes. We will calculate ePWV values   using 
the validated equation: ePWV = 9.587 − 0.402 × age + 4.560 
× 10−3 × age2 − 2.621 × 10−5 × age2 × mean arterial pressure 
(MBP) + 3.176 × 10−3 × age × MBP − 1.832 × 10−2 × MBP 
(29). The total risk will be calculated using accepted risk sums 
(Heart Score and Framingham risk score). 

Scientific contribution
The expected scientific contribution of this study is that, based 
on the obtained results, the contribution of the ePWV, inde-
pendent of CKD, to the total CV, cerebrovascular and renal risk 
could be confirmed, which was not done in previous studies. 
Secondly, our results would contribute to the introduction of an 
age-adjusted definition of CKD in clinical practice.

Figure 1. Study flowchart

Follow up 
(year 2005 – 2021)

2232

Alive
912

Known cause of death
240

Deceased 
263

Unknown cause of death
23

Known information of 
survival
1175

Known information 
on eGFR and ePWV 
at the starting point 

of the study 
1741

Do not have information on eGFR and 
ePWV at the starting point of the study

491

There is no information of survival
566

- Not found through CEZIH systems - 377
- Subjects whose general practitioners 

refused to participate in the study - 189
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Abstract
Treatment of large bone defects and degenerative diseases of the spine is among the most challeng-
ing and still unresolved issues in clinical medicine. Therefore, substantial effort has been devoted to 
the development of novel bone regenerative therapies. Due to their potent osteoinductive properties, 
Bone Morphogenetic Proteins (BMPs) have been the basis for the development of novel strategies for 
bone regeneration. The use of animal models is an indispensable part of the preclinical testing of novel 
therapeutic solutions. The rat subcutaneous assay became the initial screening procedure for the evalu-
ation of promising BMP-based osteoinductive devices for bone regeneration because only osteogenic 
BMPs can induce new bone at any ectopic rodent site. Moreover, this model is used for research on 
the mechanisms of ectopic bone formation as well as for the evaluation of the inflammatory response 
to different materials. In this review, we provided an overview of the assay development and previously 
conducted studies with different methods (flow cytometry, histological and microCT analyses) for the 
study outcome evaluation. Moreover, we addressed essential issues in the experimental design such as 
the follow-up period and the sample size. The rat subcutaneous bone induction assay layed the founda-
tion for isolation and identification of BMPs followed by testing of new osteogenic devices in higher 
animal species and humans.

Keywords: Bone morphogenetic proteins, animal models, bone regeneration, subcutaneous bone 
assay

Sažetak:
Jednostavan potkožni esej u glodavaca za identifikaciju novih osteoinduktivnih molekula: 
ključna metoda za probir novih implantata za regeneraciju kosti
Liječenje velikih koštanih defekata i degenerativnih bolesti kralježnice predstavlja jedno od najzahtje-
vnijih i još uvijek neriješenih pitanja kliničke medicine. Znatni napori uloženi su u razvoj novih 
terapija za regeneraciju kostiju. Zbog svojih osteoinduktivnih karakteristika, koštani morfogenetski 
proteini (engl. Bone Morphogenetic Proteins, BMPs) bili su osnova za razvoj novih strategija za regener-
aciju kostiju. Korištenje animalnih modela neizostavan je dio pretkliničkog testiranja novih terapijskih 
rješenja. Potkožni esej u štakora postao je inicijalni postupak za procjenu potencijalnih terapijskih 
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rješenja na bazi BMP molekula za regeneraciju kosti jer samo osteogene BMP molekule mogu induci-
rati novu kost na ektopičnom mjestu u glodavaca. Štoviše, ovaj se model koristi za istraživanje meha-
nizama ektopičnog stvaranja kosti kao i za procjenu upalnog odgovora na različite materijale. U ovom 
članku dan je pregled razvoja potkožnog eseja i prethodno provedenih istraživanja koristeći različite 
metode (protočna citometrija, histološka i mikroCT analiza) za procjenu ishoda. Nadalje, obrađena su 
bitna pitanja u dizajnu eksperimenta kao što su odabir razdoblja praćenja i veličine uzorka. Potkožni 
esej nastanka ektopične kosti u štakora postavio je temelje za izolaciju i identifikaciju BMP molekula 
što je u konačnici rezultiralo razvojem i testiranjem različitih terapijskih rješenja baziranih na osteoin-
dutivnim BMP molekulama kod viših vrsta životinja i ljudi.

Ključne riječi:  Koštani morfogenetski proteini, animalni modeli, regeneracija kosti, potkožni 
koštani esej

1. Introduction
Regenerative medicine is among the most propulsive scientific 
fields of the 21st century. To achieve the regeneration of different 
tissues and organs numerous therapeutic approaches have been 
developed and tested in preclinical and clinical studies. Although 
bone tissue possesses unique endogenous self-repair properties, 
large bone defects can not heal spontaneously and may lead to 
amputation of a limb and subsequently significantly decreased 
life quality (1). Autologous bone graft (ABG), routinely derived 
from the iliac crest, possesses osteoinductive, osteoconductive, 
and osteogenic properties and is currently considered as standard 
therapy in these conditions (2-4). However, it is also related to 
several disadvantages including a limited amount of available 
tissue and morbidities associated with the donor site (deformity 
and skin scarring, acute and chronic pain) (5, 6). Therefore, there 
is an imminent need for a safe and effective therapeutic solution 
that would substitute ABG use. 
Bone morphogenetic proteins (BMPs), members of the TGFbeta 
family of proteins, have been widely used in bone regenerative 
medicine due to their potent osteoinductive properties (7). To 
be used at the designated site, BMPs require a carrier that would 
sustain their concentration and allow the prolonged release of 
proteins (8, 9). Numerous materials have been evaluated as BMP 
carriers in preclinical studies, but till now only one BMP-based 
device containing rhBMP2 on collagen carrier has been approved 
for anterior lumbar interbody fusion (ALIF), acute tibial frac-
tures, and maxillofacial indications (10-13). However, off-label 
use of this device in spinal indications resulted in side effects 
including swelling of the adjacent tissue, ectopic bone formation, 
osteolysis, and radiculitis (14-18). 
The use of animal models is an indispensable part of the develop-
ment of novel therapeutic solutions in regenerative medicine (19, 
20). Animal models used in the development of novel devices for 
bone regeneration might be categorized as ectopic models that 
are primarily used for the evaluation of osteoinductive proper-
ties and models that mimic target clinical indication. In ectopic 
models tested implants are placed subcutaneously or intramus-

cularly in rats and mice and only exceptionally in larger animals 
like rabbits, minipigs, sheep and NHPs (21-26). Osteoinductive 
devices are intended for the rebridgment of large segmental de-
fects and for achieving spinal fusion in patients with degenerative 
diseases of the spine by inducing bone between adjacent verte-
brae. These models might be also classified based on the stage of 
preclinical development into models used for initial evaluation 
(rodent ectopic and critical-size defect models), intermediate 
testing (rabbit segmental defect and PLF models), and advanced 
(dog, sheep, and non-human primate segmental defect and PLF 
models) evaluation of novel osteoinductive devices (20). Due to 
ethical reasons and the high cost of the experiments on larger 
animals (dog, sheep, and non-human primates), the majority of 
studies have been conducted on rodents while only a few devices 
have been evaluated in advanced stages of preclinical testing and 
eventually in clinical trials. Apart from the evaluation of a novel 
osteoinductive devices, ectopic models in rodents might be used 
for basic research on the mechanisms of the bone induction and 
properties of different molecules and biomaterials (27-30).
We have recently reviewed a broad range of aforementioned 
animal models in the development of novel bone regenerative 
therapies (19, 20). In this review, we focused specifically on the 
rat subcutaneous implant assay, a well-established model for the 
evaluation of osteoinductive properties of tested implants as well as 
evaluation of the inflammatory response of the living organism.  

2. Rat subcutaneous bone induction assay 
Rodent ectopic models might be conducted in rats or mice, how-
ever, due to the higher similarity of bone biology with humans, 
rat is the preferred species for conducting such experiments (19). 
Moreover, ectopic models are further subdivided into subcutane-
ous and intramuscular based on the site of device implantation. 
Among these sites, the subcutaneous site is preferred because 
it contains fewer cytokines and growth factors than muscles 
providing a more independent assessment of implant properties 
(31). Therefore, the rat subcutaneous assay is a subtype of rodent 
ectopic models optimal for the initial testing of novel osteoin-
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Figure 1. In vivo bone assay for characterization of BMPs. Rat bone is subjected to pulverization, grinding and demineralization. Demineralized bone matrix (DBM) implanted 
subcutaneously in the axillary region induces ectopic bone formation. Extraction of DBM with 4M guanidine and hydrochloric acid (HCL) leads to separation of non-collagenous 

proteins and collagen carrier and when implantated separately in the rat no bone is formed. However, when the collagen carrier and non-collagenous proteins are premixed and 
implanted, new ectopic bone is formed. The subcutaneous rat bone assay was a critical tool for further characterization of osteogenic protein fractions and BMP genes cloning.

ductive devices. The assay has been introduced and well-defined 
along the discovery path of BMPs via purification of the bone 
induction activity from bovine pulverized and decalcified bone 
matrix (32-36). Namely, the purified fractions from demineral-
ized bone showed bone activity when implanted subcutaneously 
in rats only when bound to inactive, pulverized, demineralized 
and extracted bone particles, but not when implanted as a solu-
tion without a carrier (Figure 1).  
Rat subcutaneous assay is in brief conducted as follows: After 
experimental animals are anesthetized, a vertical midline skin 
incision is done over the thoracic region and subcutaneous 
pockets are created in the axillary region by blunt dissection (37-
39). Previously prepared potentially osteoinductive implants are 
placed into the pockets and the incision is sutured. To minimize 

the number of used experimental animals, implants should be 
implanted bilaterally. Apart from subcutaneous implantation in 
the axillary region, in the other variant of this model implants 
might be subcutaneously implanted in the rat dorsal region (40). 
Experiments should be approved by the Ethics committee and 
conducted according to the national legislature on the use of 
experimental animals and FELASA recommendations. 
Methods of evaluation of the newly induced bone in rat subcu-
taneous implant assay include histological and microCT analyses 
as well as cellular analyses using flow cytometry (Figure 2). The 
choice of the evaluation depends on the aim of the study as well 
as the time point of evaluation and these methods are discussed 
in the following sections. 
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Figure 2. Rat subcutaneous bone assay serves for the initial evaluation of BMP based osteoinductive devices. Early osteogenesis, bone remodeling and bone longevity using various 
materials (natural and synthetic polymers, inorganic materials and their composites) have been evaluated by flow citometry, histology, immunohistochemistry, PCR or by image 

analyses including micro CT and histomorphometry.

3. Preclinical studies employing rat 
subcutaneous bone induction assay
Rat subcutaneous assay has been widely used for the evalua-
tion of BMP-based devices comprised of osteoinductive BMPs 
(BMP2, BMP6 and BMP7 were most commonly used) and their 
carriers (39-46). BMP carriers might be divided into natural and 
synthetic polymers, inorganic materials, and composites of these 
materials (8, 9). Due to their advantages including biodegra-
dability and resorbability, natural polymers including collagen, 
gelatin, fibrin, hyaluronic acid, chitosan, and alginate have been 
extensively studied in preclinical studies (41, 47-53). However, 
the aforementioned materials also possess important disadvan-
tages including rapid BMP release from the carrier due to low 
affinity for these proteins, immunogenicity, and small but still 
existing risk of viral transmission (8, 9, 54). To overcome some 
of these disadvantages, synthetic polymers including polylactic 
acid (PLA), polyglycolic acid (PGA), poly(D, L-lactide-co-
glycolide)(PLGA), polyethylene glycol (PEG), polypropylene 
fumarate (PPF) and poly-E-caprolactone (PCL) have been 
introduced and tested in preclinical studies (55-66). However, 
testing of these materials has revealed that they might cause 
bulk degradation, chronic inflammation, and decreased pH due 
to acidic breakdown byproducts (9). Importantly, both natural 
and synthetic polymers are compressible in the surroundings in 
which compressive forces are present due to weak biomechanical 
properties (8, 9, 54). Inorganic materials such as calcium phos-
phate ceramics, calcium phosphate/calcium sulfate cement, and 
bioglass are resistant to compression and have been considered 
as a BMP carrier (8, 9, 40, 42, 67-70). Moreover, these materials 
might be combined with natural or synthetic polymers taking 
advantage of different materials (5, 41, 71, 72).
We have developed Osteogrow, a novel osteoinductive device 
comprised of recombinant human Bone Morphogenetic Protein 

6 (rhBMP6) delivered within autologous blood coagulum as 
a BMP carrier (37-39, 44-46, 73-78). Similar to natural and 
synthetic polymers, ABC is susceptible to compression. There-
fore, compression resistant matrix (CRM) such as synthetic 
calcium phosphate ceramics should be added to ABC to enhance 
its biomechanical properties (38). We have recently conducted 
extensive studies using rat subcutaneous assay in which we evalu-
ated these CRMs and elucidated how particle size and chemical 
composition of ceramics affected the outcome of BMP-induced 
bone formation (39, 44, 46). Moreover, we have shown how the 
structure of newly formed bone might be tailored with the addi-
tion of bisphosphonates, potent anti-resorptive agents, providing 
novel strategies in the engineering of new bone (45).  
Apart from the studies focused on the BMP-mediated bone 
formation and evaluation of novel osteoinductive devices, rat 
subcutaneous assay might be used for studying the inflammatory 
response of the organism to the aforementioned materials used as 
a BMP carrier (79). 

4. Time course of ectopic bone formation and 
follow-up period in rat subcutaneous bone 
induction assay
The time course of bone induction by BMPs depends on the 
properties of the BMP carrier and the applied BMP dose, how-
ever, a general sequence of BMP-mediated bone formation has 
been established (37, 38, 44, 45). In the first few days following 
implantation BMP attracts mesenchymal stem cells (MSCs) 
while the carrier attracts inflammatory cells which participate in 
the foreign body response (37, 38). Till the end of the first week, 
MSCs differentiate into chondrocytes and osteoblasts allow-
ing endochondral ossification to occur at the peripheral parts 
of the implants (37, 44). At the end of the second week after 
implantation newly formed bone is typically present throughout 
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the implant (38). Along with newly formed bone, bone marrow 
containing blood vessels is formed between bone trabeculae (39). 
In the following weeks, newly formed bone is being remod-
eled, adipogenic differentiation occurs in the bone marrow and 
carrier is being resorbed (38, 44, 45). Importantly, the resorb-
ability of the BMP carrier depends on its properties and might 
extremely differ among them (77). For example, blood coagulum 
is resorbed within a few days while calcium phosphate ceramic 
particles might still be unresorbed even one year following im-
plantation (37, 45).
The follow-up period of the study is chosen according to the 
aim of the study. The majority of the studies aimed to evaluate 
properties of osteoinductive devices and had a follow-up period 
between 7 and 28 days (37-44, 46, 50, 67, 80-82). However, a 
shorter period than 7 days might be chosen to investigate the 
cellular response to implants while a longer follow-up period (up 
to one year) might be chosen to evaluate the longevity of the new 
ectopic bone (20). 
Choice of evaluation methods depends on the aim of the specific 
study and the time point at which evaluation occurs. The cellular 
response of the organism to implants is evaluated in the first few 
days following implantation using flow cytometry or histologi-
cal sections supplemented with immunohistochemistry. The 
structure of newly formed bone formed at later time points is 
analyzed by microCT and histological sections (39). Moreover, 
both microCT and histomorphometry might be used for the 
quantification of new bone but microCT analyses are considered 
more accurate since they analyze the entire implant. 

5. Evaluation methods
5.1. Histology
Histological analysis is among the most important methods 
for evaluating ectopic bone formation since it provides insight 
into the structural properties of newly formed bone (Figure 3). 
Histomorphometric analyses is used to obtain the quantity of 
bone, bone marrow, and unresorbed carrier (39). Moreover, key 
molecules and cells involved in ectopic osteogenesis and cellular 
response to implants might be identified and localized using im-
munohistochemistry or immunofluorescence (44, 46). 
At the end of the follow-up period, implants are harvested 
and fixed using formaldehyde solution. Bone tissue specimens 
might be further processed undecalfied or using decalcification 
in chelating agents such as EDTA or formic acid and embed-
ded in resin (undecalcified specimens) or paraffin (decalcified 
specimens) and cut to 5-6 µm thick sections (39, 45, 75-77). 
Obtained sections are mounted on glass slides and stained with 
one or more appropriate methods including Goldner, hematoxy-
lin-eosin, Von Kossa, or toluidin blue stain. 
Histological sections obtained using both undecalcified and 
decalcified processing methods are equally valuable for structural 
analyses of the newly formed bone. However, undecalcified tissue 
processing of specimens containing calcium phosphate ceram-

ics has certain advantages over decalcified processing since after 
decalcification ceramics appear as void spaces (39, 45, 75-77). 
Moreover, Von Kossa stain is used to detect mineralization and 
therefore it might be applied only on undecalfied specimens.

5.2. MicroCT analyses
MicroCT analysis is along with histological analyses the most 
important morphological method of evaluation of ectopic bone 
formation in a broad range of animal models including rat 
subcutaneous assay (Figure 4). Obtained microCT sections allow 
a descriptive structural analysis of newly formed bone. Moreover, 
microCT analysis determines the volume of newly formed bone 
as well as the volume of residual ceramics (77). It is important 
to emphasize that the bone volume determined by microCT 
analysis is in general more accurate than the amount of bone 
determined histomorphometrically since it takes into account 
the whole implant while histomorphometry is conducted using 
a limited number of sections through the implant. In addition, 
using microCT analysis it is possible to calculate trabecular 
parameters of newly formed bone including trabecular number, 
trabecular thickness, and trabecular separation (39).
One of the most important microCT scanning parameters is 
resolution. Contemporary microCT scanners provide superior 
resolution up to several microns (29). However, an increase in 
scanning resolution is followed by significantly increased scan-
ning time, increased size of obtained data, and subsequently 
prolonged time of microCT analyses. Therefore, it is necessary 
to choose a scanning resolution that provides sufficient resolu-
tion with reasonable scanning time and data size. Based on our 
previous studies we suggest that a scanning resolution of 18 µm 
is optimal for microCT analyses, while a higher resolution (4-9 
µm) might be used to show the structure of newly formed bone 
on a limited number of samples (39, 45, 76, 77). 
MicroCT scanning might be conducted in vivo or using speci-
mens ex vivo following euthanasia. In vivo microCT scanning 
is conducted during a short anesthesia and allows the follow-up 
of the same implant through different time points. However, 
obtained sections often contain artifacts due to respiratory move-
ments. Therefore, scanning of implants ex vivo provides optimal 
quality and should be used for microCT analysis, while in vivo 
scanning might be used to obtain preliminary results. 

5.3. Flow cytometry
Flow cytometry is a sophisticated laser-based technique that 
measures scatter and fluorescence to determine a set of unique 
cellular properties. It allows fast, relatively quantitative and 
multiparameteric analysis of a single cell in a heterogeneous cell 
population as well as isolation of those cells with a process called 
cell sorting (83, 84).  Such sorted specific cell types can be se-
quenced or used for gene expression analysis on a population or 
a single-cell level, and as well combined with ELISA, proteomics, 
or Western blots analysis directly (85). 
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Figure 3. Histology sections of bone induced by rhBMP6 implanted with different 
carriers like collagen, autologous blood coagulum with or without addition of com-

pressive resistant matrices in form of allograft or synthetic ceramics of different particle 
size. Histological sections were stained by Von Kossa, Hematoxylin-Eosin (HE), or 

Sanderson’s Rapid Bone Stain with Van Gieson picrofuchsin.

Figure 4. MicroCT 3D reconstruction of bone induced by rhBMP6 with different 
carriers including collagen, autologous blood coagulum alone with or without the 

addition of compressive resistant matrices in form of allograft or synthetic ceramics of 
different particle size. 

Any foreign material implanted in the body will stimulate an 
immune response, and flow cytometry has been emerged as a 
critical tool in the study of the immune system. With the grow-
ing appreciation of the immune system in tissue engineering 
and regenerative medicine, flow cytometry is increasingly being 
implement in the analysis of biomaterials response (85, 86). 
The host’s innate and adaptive immune systems are the major 
mediators in the response to foreign implants, and a surgical 
implantation of an osteoinductive device that contains carriers 
such as natural and synthetic polymers and inorganic materials 
into the human body have the ability to trigger host responses 
(20, 87). In general, biomaterial properties, such as macroporos-
ity and surface microstructure, manage the host response as well 
as ultimate bone healing cascade, and the understanding of the 
intercellular communications during the inflammatory reac-
tion, its resolution and the bone regeneration phase, is crucial 
for improving current therapeutic strategies or developing new 
approaches (88).
In addition, flow cytometry is also used for characterization of 
mesenchymal stem cells cultured in vitro which are detected by 

positive and negative specific surface markers to evaluate suit-
ability of the cells for further usage in development of implants 
for ectopic implantation in vivo and applications in bone tissue 
repair (89-92). Moreover, flow cytometry can be used for char-
acterization of ectopic implants to assess bone marrow formation 
and tissue vascularization in the implants themselves (89).

6. Determination of sample size
Defining an adequate sample size to obtain reliable results is 
among the most important aspects while planning each experi-
ment (19). According to the 3R principle and recommendations 
on the rational use of laboratory animals, the number of used an-
imals should be reduced to minimal. However, if the sample size 
is too small, reliable conclusions can not be made and obtained 
results might not be useful. Therefore, the sample size should be 
carefully determined based on the study aim, the variability of 
the outcome determined in the preliminary experiments, and 
the recommendations for each specific animal model (20). In the 
previously published studies employing rat subcutaneous bone 
induction assay the number of specimens was between 3 and 10 
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per group (40-43, 50, 67, 68, 80-82, 93-98). However, in the 
majority of studies the sample size was higher than 4 per group.  
Therefore, based on the previous studies and our own extensive 
experience with this animal model we recommend the number of 
samples of at least 5-6 per group.

7. Translatability of the rat subcutaneous 
bone induction assay model
Rat subcutaneous assay is along with other experimental models 
conducted on rodents among methods for initial evaluation of 
novel osteoinductive devices. Moreover, it is an ectopic bone 
model primarily used for the evaluation of the osteoinductive 
potential of tested implants and does not simulate any target 
clinical condition. Therefore, following the successful outcome 
in this model, promising osteoinductive devices should be tested 
in models on larger animals that mimic the intended clinical 
indication (20). Segmental defects and posterolateral spinal fu-
sion (PLF) are among the most challenging orthopedic condi-
tions which might be treated with an osteoinductive device. 
Subsequently, relevant animal models that mimic segmental 
defects and PLF have been developed in rabbits, dogs, sheep, and 
non-human primates. The aforementioned models in rabbits are 
widely used because they allow for testing the safety and efficacy 
of the osteoinductive device in the target clinical indication (37, 

50-53, 61-64, 66, 69, 71, 76, 77, 99-115). Animal models in 
sheep and NHP are the final step of preclinical testing and they 
provide the most similar conditions to humans (20).  However, 
only few osteoinductive devices which were evaluated in rat 
subcutaneous assay and rabbit segmental defects/PLF models 
have been subsequently tested in sheep/NHP models (5, 70-72, 
75, 116). 
We have recently conducted an extensive preclinical evaluation of 
Osteogrow, a novel osteoinductive device comprised of rhBMP6 
within autologous blood coagulum (ABC) and its formulations 
with allograft (Osteogrow-A) and synthetic calcium phosphate 
ceramics (Osteogrow-C) (37-39, 44, 46, 73, 75-77). At the 
beginning, we used the rat subcutaneous bone induction assay 
to test a large number of potential formulations (38, 39, 44-46) 
and to select optimal formulation for further evaluation in rabbit 
and sheep PLF models (38, 75-77) (Figure 5). In this series of 
experiments, we have demonstrated that findings observed in 
the rat subcutaneous bone induction assay were translatable to 
higher-order animals. Moreover, following preclinical testing on 
animals, Osteogrow was successfully tested in phase I/II clini-
cal trials in patients with distal radial fracture (DRF) and high 
tibial osteotomy (HTO) (117, 118) and Osteogrow-A in patients 
undergoing PLIF procedure for lumbar back pain (https://www.
genera-research.com/) (Figure 5). 

Figure 5. Animal models for evaluation of osteoinductive devices based on the stage of preclinical development ranging from mouse (A), rabbit (B) to non-human primate (NHP) 
(C), namely classified as initial, intermediate and advanced leading to clinical trials in humans (D). PLF – posterolateral spinal fusion; CSD – critical size defect; DRF – distal 

radius fracture, HTO – high tibial osteotomy; FNU – fracture nonunion.
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8. Conclusions
Animal models are an indispensable part of the preclinical evalu-
ation of the safety and efficacy of novel therapeutic solutions. Rat 
subcutaneous bone induction assay, originally developed for test-
ing individual protein samples from demineralized bone purified 
extracts during isolation of BMPs, is a very useful animal model 
for the initial evaluation of osteoinductive implants and findings 
observed in this model are translatable to higher-order animals 
and humans. All experiments employing rat subcutaneous assay 
should be carefully planned and prepared to obtain reliable results 
and achieve a rational use of laboratory animals. Moreover, proper 
sample size and follow-up period as well as adequate evaluation 
methods should be chosen according to the aims of the study.
A large number of BMP-based osteoinductive devices have been 
tested employing rat subcutaneous bone induction assay but only 
a few were further evaluated in higher-order animals and none 
of them eventually resulted in the development of a therapeutic 
solution for segmental defects of the bones and posterolateral 
spinal fusion which are among the most complex and frequent 
indications in clinical medicine. However, the development of 
Osteogrow, a novel osteoinductive device, provides hope that 
effective therapeutic solutions might be soon available for the 
aforementioned indications.
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Abstract
Dystonia is a movement disorder characterized by sustained or intermittent muscle contractions, 
leading to abnormal involuntary movements or postures. Although the pathogenesis of dystonia is not 
entirely understood, lack of intracortical inhibition, aberrant sensory integration and derangement of 
neural plasticity are known to contribute. Etiologically, dystonia can be idiopathic, acquired or heredi-
tary, most commonly occurring with TOR1A, THAP1, GCH1, and KMT2B mutations. The clas-
sification of dystonia is based on two main axes: clinical features (Axis I) and etiology (Axis II). When 
it comes to treatment a variety of therapeutic options are available, including oral medication therapy, 
intramuscular injections of botulinum neurotoxins (BoNTs), physical and occupational therapy and 
invasive neurosurgical treatment. Deep brain stimulation (DBS) is an established neurosurgical treat-
ment for medication-refractory dystonia. As more evidence suggests that DBS treatment outcomes 
may be related to a hereditary basis, genotype determination is an important factor to consider in 
patient selection and prognostic counselling.

Keywords: Dystonia; Deep Brain Stimulation; Genetics

Sažetak
Distonija i duboka mozgovna stimulacija: korelacija između genetske mutacije i klinički ishod 
Distonija je neurološki poremećaj pokreta karakteriziran trajnim ili povremenim kontrakcijama mišića, 
uzrokujući abnormalne nevoljne pokrete ili položaje. Iako patogeneza distonije nije u potpunosti razjaš-
njena, poznato je da nedostatak intrakortikalne inhibicije, abnormalna senzorna integracija i poreme-
ćaj neuroplastičnosti imaju bitnu ulogu u nastanku bolesti. Distonija može biti idiopatska, stečena ili 
nasljedna, a najčešći uzroci nasljednih oblika jesu mutacije TOR1A, THAP1, GCH1 i KMT2B gena. 
Klasifikacija distonije sistematizirana je na temelju dvije osnovne osi: klinička slika (os I) i etiologija (os 
II). Liječenje distonije uključuje oralnu terapiju lijekovima, intramuskularne injekcije botulinum toksina 
(BoNTs), fizikalnu i radnu terapiju te invazivno neurokirurško liječenje. Duboka mozgovna stimulacija 
(DBS) je zlatni standard liječenja u slučajevima kada pacijent ne odgovara na oralnu terapiju. Sve je više 
istraživanja koja ukazuju na to da ishodi liječenja DBS-a mogu biti povezani s genetskom osnovom, stoga 
je genotipizacija važan čimbenik pri odabiru pacijenata za spomenuto liječenje.

Ključne riječi: Distonija; Duboka mogovna stimulacija; Genetika
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the complex molecular pathophysiology has been improved with 
the identification of novel genes.

Diagnosis and treatment
Diagnosis of dystonia is challenging due to variety of etiologies 
and clinical manifestations. Once a diagnosis is suspected, the 
first step is to exclude conditions that may resemble dystonia, 
known as pseudodystonia, which includes non-neurological dis-
orders of the musculoskeletal system, disorders of sensory path-
ways, disorders of motor pathways and compensatory postures 
(6). The next step is to define the dystonic syndrome accord-
ing to aforementioned classification. For patients with isolated 
dystonia, the laboratory evaluation is based on the patient’s age 
at onset, body distribution and whether there are affected family 
members (7). In patients with hemidystonia or generalized dys-
tonia, neuroimaging is beneficial due to possible structural causes 
(7). In sporadic adult-onset isolated dystonia genetic testing is 
performed if there are other affected family members (7). On the 
other hand, in childhood-onset dystonia there is a substantially 
higher rate of finding a cause. Diagnostics includes neuroimaging 
(MRI) and genetic testing (7). The method or technology chosen 
for genetic testing should be determined based on the clinical 
presentation at onset and the most recent examination, family 
history, availability of the particular diagnostic test, experience of 
the physician and other factors (8). Despite the aforementioned, 
the diagnosis relies mainly on clinical evaluation. There are no 
available objective biomarkers that can validate the diagnosis or 
track the development of symptoms (3).
The treatment of dystonia is primarily symptomatic, although 
some causes are amenable to specific therapies. There are a 
variety of therapeutic options available, including oral medica-
tion therapy, intramuscular injections of botulinum neurotoxins 
(BoNTs), physical and occupational therapy and invasive neuro-
surgical treatment (7). Chemodenervation with botulinum toxin 
is the preferred treatment method for focal or select-body regions 
in generalized and segmental dystonia (9). The most common 
oral pharmaceutical therapies for dystonia include acetylcholine-
related drugs such as trihexyphenidyl, benztropine, biperiden, 
ethopropazine, orphenadrine and procyclidine; dopamine-related 
drugs such as levodopa, pramipexole, ropinirole and tetrabena-
zine; gamma-aminobutyric acid–related drugs such as alpra-
zolam, baclofen, chlordiazepoxide, clonazepam and diazepam; 
and muscle relaxants such as baclofen, benzodiazepines, cariso-
prodol, chlorzoxazone, cyclobenzaprine, metaxalone, methocar-
bamol and orphenadrine (7). Other non-invasive methods 
include repetitive transcranial magnetic stimulation (rTMS) and 
transcranial direct current stimulation (tDCS) (9). Ultimately, 
deep brain stimulation is an effective and disease-modifying sur-
gical treatment for dystonia and will be discussed in the follow-
ing paragraphs (10). Rehabilitation methods appear to further 
enhance benefits when combined with neuromodulation (9).

Introduction
Dystonia is a movement disorder characterized by sustained or 
intermittent muscle contractions, leading to twisting, repetitive 
or patterned movements or abnormal postures (1). Dystonia can 
be idiopathic, acquired or hereditary, most commonly occurring 
with TOR1A, THAP1, GCH1, and KMT2B mutations (1). 
The classification of dystonia is based on two main axes: clinical 
features (Axis I) and etiology (Axis II) (2). Since the first dystonia 
gene was discovered, more than 40 genes have been connected 
to isolated, combined and complex hereditary dystonia forms. 
As knowledge in this area continues to advance, studies have 
shown that hereditary basis is associated with clinical outcomes, 
especially when it comes to advanced therapy such as deep brain 
stimulation (DBS).

Dystonia
Definition and classification
Dystonia is a hyperkinetic movement disorder characterized 
by sustained or intermittent muscle contractions, leading to 
twisting, repetitive or patterned movements or abnormal pos-
tures. Dystonic movements are often triggered or worsened by 
voluntary action and associated with excessive muscle activation 
(1). Dystonia has distinct clinical features, but a wide range of 
phenomenological presentations. Therefore, a constructive clas-
sification is required to plan a rational diagnostic approach, to 
define the prognosis and determine the right therapy. The Move-
ment Disorder Society expert members proposed a classification 
of dystonia among two main axes: clinical features and etiology. 
The Axis I provides specific clinical presentation categories such 
as age at onset, body distribution, temporal pattern and associat-
ed features (2). On the other hand, the Axis II addresses etiology 
with two dimensions pertaining to histopathological abnormali-
ties or genetic contributions (2,3).

Pathogenesis
The pathogenesis of dystonia is still not entirely understood, 
but it is based on three main abnormalities. The first one is lack 
of intracortical inhibition at various levels of the central nerv-
ous system which may cause the excess movement and overflow 
phenomenon (4). The aberrant intracortical inhibition may be 
present in both hemispheres, despite unilateral symptoms and 
even in asymptomatic body areas (5). The second is aberrant sen-
sory integration. A deficiency in sensory or perceptual function, 
known as “sensorimotor integration,” is another prominent issue 
in the pathophysiology of dystonia, despite the fact that dystonia 
is often considered as a pure motor condition (4). The third is a 
derangement of neural plasticity. For instance, the task-specificity 
in focal dystonia points to a malfunction in the neural circuits 
responsible for encoding motor memories, which results in aber-
rant motor engrams. This may also explain the patterned muscu-
lar activation seen in dystonia (5). Finally, the understanding of 
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Genetics
Since the first dystonia gene was discovered nearly 25 years ago, 
more than 40 genes have been connected to isolated, combined 
and complex hereditary dystonia forms. The MDS Task Force 
for the Nomenclature of Genetic Movement Disorders proposed 
a new system of nomenclature that considers the causative gene 
rather than locus symbols and links the prefix to the primary 
phenotype (e.g., DYT 1 is known as DYT-TOR1A) (2). The prefix 
DYT is only used if dystonia is the primary disease feature as a 
result of a pathogenetic mutation, but if another movement dis-
order is present with dystonia, a double prefix would be assigned 
(e.g., DYT/PARK-ATP1A3) (11). The phenotypic spectrum is 
broad and the distribution can be focal (one affected body site), 
segmental (more than one contiguous/noncontiguous sites) or 
generalized (trunk and two other sites affected) (12). If dystonia 
predominates in the clinical picture, the isolated dystonia may be 
taken into consideration. The gene mutations include DYT-TO-
R1A, DYT-KMT2B, DYT-THAP1, DYT-ANO3, DYT-GNAL, 
DYT-HPCA, DYT-TUBB4A, DYT-PRKRA, and novel variants 
such as DYT-GNB1 (12,13). The majority of isolated dystonias 
have autosomal dominant inheritance (12).  Regarding age of 
onset, DYT-TOR1A, DYT-KMT2B, DYT-THAP1, DYT-HPCA, 
DYT-TUBB4A and DYT-PRKRA are more likely to appear in 
infancy, childhood and adolescence, whereas DYT-ANO3 and 
DYT-GNAL appear in early adulthood (12). On the other hand, 
according to body distribution DYT-TOR1A, DYT-KMT2B, 
DYT-THAP1, DYT-HPCA and DYT-PRKRA are the most 
common causes of generalized dystonia, whereas DYT-TOR1A, 
DYT-KMT2B and DYT-HPCA typically begin asymmetrically in 
the lower limbs with secondary generalization (12). DYT-THAP1 
may start at the upper half of the body, affecting the upper limbs 
and cranio-cervical regions causing speech issues, with subsequent 
generalization (14). DYT-GNAL and DYT-ANO3 are more likely 
to cause focal and segmental dystonia, they usually start at the 
cervical level and can cause a head tremor (12). Also, DYT-ANO3 
is more likely to result in laryngeal dystonia and speech difficulties, 
along with subsequent generalization affecting the upper limbs at 
younger ages (12). 
On the other hand, the presence of another movement disorder 
in addition to dystonia identifies as combined dystonia. Dys-
tonia-parkinsonism is defined as the combination of parkin-
sonism and dystonia and has four monogenic subtypes: DYT/
PARK-GCH1, DYT/PARK-TH, DYT/PARK-TAF1 and DYT/
PARK-ATP1A3 (15). Combined dystonia has a distinct form of 
heredity, DYT/PARK-GCH1 and DYT/PARK-ATP1A3 exhibit 
autosomal dominant inheritance, DYT/PARK-TH exhibits 
autosomal recessive inheritance and DYT/PARK-TAF1 exhibits 
X-linked transmission (14). Furthermore, myoclonus-dystonia 
is caused by MYC/DYT-SGCE and MYC/DYT-KCTD17 gene 
mutation, it typically begins in the first decade of life and is 
characterized by generalized myoclonic jerks that occur predomi-

nantly in the neck and proximal upper limbs. In most patients 
dystonia is less prominent and the most prevalent symptoms 
are cervical dystonia and writer’s cramp (15,16). Mutation in 
ADCY5 is responsible for childhood-onset chorea and dystonia, 
known as CHOR/DYT-ADCY5 (17). The disease is character-
ized by neck hypotonia and a myopathy-like facial appearance. 
Before the movement issue becomes persistent, episodic attacks 
may precede the disease and is frequently misdiagnosed as dyski-
netic cerebral palsy (17).
Types of genetic testing for dystonia include diagnostic testing, 
carrier testing, predictive or presymptomatic testing and prenatal 
testing. Diagnostic testing is the most used because it helps to 
establish a genetic diagnosis in affected individuals (8). Carrier 
and predictive testing are similar. They are used for individu-
als suspected of carrying a pathogenic variant, these people are 
unaffected, but have a family history of dystonia (8). Finally, 
prenatal genetic testing is used to determine whether a fetus has 
a presumed disease-causing change before birth (8). The types of 
genetic tests available for dystonia include simple single-variant 
testing and single-gene Sanger sequencing to advanced next-
generation sequencing (NGS) based approaches such as NGS 
gene panels, clinical exome sequencing (CES), whole-exome 
sequencing (WES) or whole-genome sequencing (WGS) (8). 
Copy number variation (CNV) analysis may be required in some 
cases. Which approach or technology will be used should be 
determined individually, as it depends on the clinical presenta-
tion at the time of onset and at the most recent examination, 
family history, availability of the specific diagnostic test and the 
physician’s experience (8).
Different hereditary forms of dystonia are caused by defects 
in various genes, which leads to various pathophysiological 
pathways. As a result, identifying the relevant gene may have 
a big impact on the therapeutic management.  None of the 
previously mentioned isolated forms respond to levodopa, but 
DYT-TOR1A, DYT-THAP1, DYT-ANO3, DYT-KMT2B and 
DYT-HPCA may respond to anticholinergics (12). Combined 
dystonia caused by DYT/PARK-GCH1, DYT/PARK-TH, 
DYT/PARK-TAF1 and DYT/PARK-ATP1A3 mutations has a 
good response to levodopa therapy (15). Furthermore, in case of 
myoclonus-dystonia, MYC/DYT-SGCE myoclonic symptoms 
respond to alcohol, whereas MYC/DYT-KCTD17 does not 
(15,16).  Also, the response to DBS therapy varies according to 
the genetic mutation which will be discussed in “Genetics and 
deep brain stimulation” section. 
In terms of a novel therapeutic approach, gene therapy would be 
an absolute game-changer. The medical application of therapies 
that can restore lost gene function via viral transgenic expression 
or mitigate the negative effect of abnormally functioning genes 
by neutralizing or modulating their mRNAs through antisense 
oligonucleotides or RNA interference is still being studied, and 
further research is needed (8).
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Deep brain stimulation
Definition and mechanism of action
Deep brain stimulation is an established treatment for medica-
tion-refractory movement disorders. The DBS consists of intrac-
ranial electrode, implantable pulse generator (IPG) and connect-
ing wires (18). During the implantation procedure, electrodes are 
placed within a specific deep brain structures. The subthalamic 
nucleus (STN) and the globus pallidus internus (GPi) are two 
common structures targeted by DBS in dystonia (19). The 
electrode is connected to the IPG by a connecting wire, which is 
insulated and passes under the skin of the head, neck and shoul-
ders (18). The IPG, which houses the battery, is implanted in a 
previously created subcutaneous “pocket” in the pectoral region 
beneath the fatty tissue, or less frequently, under the pectoral 
muscle in the armpit area or under the skin of the abdomen (18). 
The neurostimulations consists of the stimulus amplitude (A), 
frequency (f ) and pulse width (pw) and are adjusted according to 
the individual needs of each patient (18,20).
Despite clinical benefits, the exact mechanism underlying its 
effectiveness is not entirely understood and is still being debated 
(21). There are three main hypotheses regarding its mechanism. 
The first, known as the “inhibition hypothesis,” contends that 
DBS alleviates symptoms by directly inhibiting the surrounding 
neurons. The main premise is that loss of dopaminergic neurons 
increases the frequency of burst impulses from the STN and 
GPi, which can be inhibited by stimulating the aforementioned 
nuclei (22). The inhibitory effect can be attributed to a variety of 
mechanisms, including depolarization block, inactivation of so-
dium voltage channels and activation of inhibitory neurons (23). 
The second, known as the “excitation hypothesis,” considers that 
DBS achieves its effect through excitation and/or excitation-inhi-
bition of the target nucleus via efferent pathways, or antidromic 
activation reaches the original region via afferent pathways (21). 
GPi-DBS has been shown to reduce bursts of electrical impulses 
from the thalamus in animal primate models and patients with 
dystonia by activating inhibitory projections (21). The third hy-
pothesis, known as the “disruption hypothesis,” proposes that the 
DBS beneficial effects are caused by disrupting abnormal infor-
mation flow through the GPi and STN (21). Since the increased 
frequency and abnormal patterns of electrical impulses in the 
basal ganglia are transmitted to the thalamus and motor cortex, 
which causes characteristic motor symptoms, inhibition of their 
transmission could alleviate motor symptom expression (21). 
Aside from the placement of the electrodes, it is important to 
emphasize the significance of adjusting their frequency. Namely, 
high-frequency stimulation of 100 Hz leads to an inhibitory re-
sponse in brain cells, whereas low-frequency stimulation at 10Hz 
does not (24). The role of an implanted electrode is to redistrib-
ute sodium and chlorine ions throughout the extracellular space 
in order to generate an electric field that can regulate the voltage 
sensor of sodium channel proteins located in the membrane 

of neuron (24). At the cellular level, the opening of sodium 
channels causes an action potential to propagate to the neuron’s 
axon terminals in both orthodromic and antidromic directions 
(24). The stimulated axons are capable of following stimula-
tion frequencies at 100Hz, but synaptic transmission does not. 
Under such high-frequency activity, axon terminals can deplete 
their neurotransmitters and postsynaptic receptors can decrease, 
making further signal transmission impossible (24). This process, 
know as “synaptic filtering”, may explain one of the main effects 
of DBS (24).

Clinical outcomes and efficacy
The posteroventral lateral GPi has emerged as the most estab-
lished target for DBS in dystonia, while additional targets that 
are under investigation include the STN and the thalamus 
(24,25). The long-term benefit of chronic DBS in dystonia is 
often delayed, requiring weeks or months to achieve optimal re-
sults. However, it has been shown that long-term stimulation ap-
pears to result in long-lasting changes in the brain, even though 
dystonia can recur within minutes to hours after stimulation 
has been turned off in the early postoperative period (24). This 
suggests that DBS may act as a disease-modifying treatment (24). 
The beneficial effects of Gpi-DBS for cervical dystonia, segmen-
tal primary dystonia and generalized dystonia have been shown 
in several randomized sham-controlled trials. Volkmann et al. 
have reported that bilateral GPi-DBS decreased motor impair-
ment and related disability in patients with medication-refractory 
cervical dystonia (26). Furthermore, Kupsch et al. have reported 
that patients with generalized and segmental dystonia, who 
received GPi-DBS, experienced a 39% movement score improve-
ment, a 38% reduction in disability, a 30% improvement in the 
physical aspects of the quality of life and mood improvement 
without behavioral abnormalities (27). A long-term study by 
Kamel et al. have reported statistically significant improvement 
in Burke-Fahn-Marsden dystonia rating scale (BFMDRS) and 
Global Dystonia Severity scale (GDS) 6 and 12 months after the 
implantation procedure in patients with generalized and cervical 
dystonia (28). Additionally, they reported that the improvement 
was considerably better in patients with long-term DBS, lasting 
more than 5 to 7 years (28). 
When comparing GPi-DBS and STN-DBS, studies have shown 
significant improvements in movement symptoms, disability symp-
toms, Beck Depression Inventory (BDI) scores and SF-36 score, 
without statistically significant difference between groups (19).

Genetics and deep brain stimulation
An increasing amount of evidence suggests that the outcomes 
of DBS treatment may be linked to a genetic cause, which is an 
important prognostic factor when selecting patients for DBS 
therapy. According to Artusi et al., GPi-DBS has a beneficial 
short- and long-term impact on motor and disability outcomes 
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in patients with DYT-TOR1A, DYT-THAP1 and NBIA/DYT-
PANK2, unlike the other monogenic dystonias, with DYT-
TOR1A showing the greatest improvement (29,30). The lower 
amount of motor improvement seen in NBIA/DYT-PANK2 may 
be due to the PKAN phenotype’s variability in related features, 
such as spasticity (29). DYT-KMT2B responds effectively to 
GPi-DBS with much better outcome in males and those with 
more severe dystonia at baseline (31). Studies have suggested that 
the duration of dystonia prior to surgery may or may not predict 
clinical outcome after the implantation. Indeed, Isaias et al. 
have reported that the earlier surgical treatment in patients with 
DYT-TOR1A may be beneficial (32). Furthermore, comparing 
CHOR/DYT-ADCY5 to DYT-TOR1A, GPi-DBS benefits were 
significantly lower (29). On the contrary, DYT/PARK-TAF1 pa-
tients experienced significant motor and disability improvement, 
but DBS should be evaluated in the early stages of the disease 
because progressive neurodegeneration was associated with worse 
response (29,33). In patients with MYC/DYT-SGCE, GPi-DBS 
has been shown to benefit both myoclonus and dystonia, with 
slightly better improvement in myoclonus scores (34). Albanese 
et al. suggest that carrying ATP1A3 gene mutation may be a 
negative predictor for GPi-DBS since it did not have a beneficial 

clinical outcome (35). There is significant variability in clinical 
outcomes in rare forms of dystonia and the need for more case 
reports to reach a valid conclusion.

Conclusion
As more evidence suggests that DBS treatment outcomes may 
be related to a hereditary basis, genotype determination is an 
important factor to consider in patient selection and prognostic 
counselling. GPi-DBS showed both short- and long-term effec-
tiveness in DYT-TOR1A, as well as a lower but still substantial 
improvement in DYT-THAP1 and NBIA/DYT-PANK2. GPi-
DBS showed promising results in other isolated and combined 
dystonias, with the exception of ATP1A3 mutation where DBS 
did not provide beneficial results. Therefore, it is important to 
consider the genotype as a potential predictor of postoperative 
outcome. Additional research is required to illuminate the role of 
GPi-DBS in patients with rare genetic forms of dystonia.
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Abstract
As we age, remodeling takes place in our body, and while some changes can be attributed to the mere 
aging process, others can be attributed to an early pathological process of subclinical changes typical 
in atherosclerosis. Aging is an imminent part of life and is a risk factor for atherosclerosis and cerebro-
vascular disorders in both sexes. Once established, cerebrovascular diseases are strong contributors in 
worldwide morbidity and mortality scales, and stroke is the worldwide leading cause of mortality and 
disability in adults. Cerebrovascular disorders in Croatia are the second leading cause of mortality and 
the first in adult disability. In this article, we attempt to present all the changes of aging in the com-
mon carotid artery thus distinguishing them from a pathological processes.

Keywords: Aging, IMT (intimal-medial thickness), Arterial Stiffness, Arterial Compliance, En-
dothelial Dysfunction

Sažetak
Starenje i remodeliranje karotida
Kako starimo, u našem se tijelu odvija preobrazba i dok se neke promjene mogu pripisati samom pro-
cesu starenja, druge se mogu pripisati ranom patološkom procesu subkliničkih promjena svojstvenih 
aterosklerozi. Starenje je neizbježan dio života i čimbenik je rizika za aterosklerozu i cerebrovaskularne 
poremećaje kod oba spola. Jednom uspostavljena, cerebovaskularna bolest je unutar prvih pet uzroka 
morbiditeta i mortaliteta u svijetu, a isto vrijedi i za Hrvatsku u kojoj je moždani udar među prvim 
uzrocima smrtnosti i invaliditeta u odraslih osoba. Cerebrovaskularni poremećaji u Hrvatskoj drugi su 
vodeći uzrok smrtnosti i prvi u invalidnosti odraslih osoba. U ovom smo članku pokušali prikazati sve 
promjene starenja u zajedničkoj karotidnoj arteriji kako bismo ih time od patoloških procesa.

Ključne riječi: starenje, IMT (debljina intime i medije), arterijska krutost, arterijska popustlji-
vost, endotelna disfunkcija
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fied by measuring IMT thickening10, quantitative and qualitative 
analysis of carotid plaques11 and by measuring elasticity indices 
such as arterial stiffness (AS), arterial compliance, extensibility 
(“distensibility”) and wall shear stress.2 Commonly, increased 
increased pulse pressure (PP) and pulse wave velocity (PWV) are 
used as AS measures. They are not synonyms, rather PWV will 
directly reflect the AS processes and PP will serve as a surrogate 
marker of AS.

Animal models
To accurately assess the function of the arterial wall, many simu-
lations were performed using mathematical models of physiolog-
ical conditions in which viscoelastic properties of blood, elastic 
modulus, shear stress of the wall and the degree of shear stress of 
the wall were investigated.12-16 
However, in order to biologically evaluate vascular aging animal 
models such as rodents and non-human primates were initially 
used as models for  the evaluation because they have been 
shown to be very similar to humans in terms of physiological 
and pathophysiological changes. The use of animal models has 
proven specific changes in the aorta of rodents that are regularly 
seen in the aging arteries are: increase in arterial diameter, arterial 
stiffness, and IMT. IMT increase is a process that involves the 
intimal layer, the medial layer and extracellular matrix. Follow-
ing processes are specific for intimal changes: increase in smooth 
muscle cell thickness as well as extracellular matrix, increase in 
TGF-β (transforming growth factor - beta) with decreased anti 
proliferative response, increase in MMP-2 (metalloproteinase 
type 2 - zinc-dependent endopeptidase) and MMP-1 (metal-
loproteinase 1 – membrane type, MMP-2 activator), increased 
expression of ICAM-1 (interstitial adhesion molecule), increase 
in nitrates and nitrites as well as increased activity of ACE 
(angiotensin adhesion enzyme). Tunica media is involved with 
increase in layer thickness via increase in cell size, but decrease in 
cell number. The extracellular matrix is increased via increase in 
collagen content, increase in non-enzyme glycosylation pro-
cesses that promotes greater number of collagen fibers, increase 
in fibronectin, increase in glycoasminoglycans  and decrease in 
elastin by defragmentation and calcification. In addition to all 
this, endothelial dysfunction is promoted with specific changes 
in arterial vasoreactivity: decrease in nitric oxide (NO) with 
increase in superoxide and peroxinitrite and increased expression 
of adhesion molecules and permeability, decrease in angiogenesis 
with decrease in VEGF (vascular endothelial growth factor). 
All this predisposes overreactive response to arterial injury and 
overly active atherosclerotic process initiated with excessive lipid 
consumption.2,17-19

Furthermore, the expression of fibronectin and TGF-β are 
regulated with the help of angiotensin-II, and their role is 
to promote the formation of the extracellular matrix. Aortic 
MMP-2 is known to play a role in damage to the internal elastic 

Aging
Since life expectancy increased over the past few decades, the 
proportion of elder people is increasing in many countries 
around the world. It is believed that proportion of people aged 
over 80 years will triple in the next 30 years.1 The most com-
mon health problems in old age are chronic diseases, primarily 
cerebrovascular (more often in women) and cardiovascular (more 
often in men). Underlying condition in both conditions is ath-
erosclerosis, but atheroslclerosis is not isolated, rather it affects all 
segments of the vascular system.
Previous research has established a positive connection between 
the reduced elasticity of the blood vessel wall and the frequency 
of stroke and other vascular diseases.2 However, Nagai et al. 
showed it is more specialized for atherothrombotic stroke 
compared to other forms of stroke, for example lacunar stroke.3 
Furthermore, del Sol (2001) and Baldassare (2000) showed that 
a separate assessment of IMT in the common carotid artery 
(ACC) is useful as a surrogate for vascular disease risk assessment 
instead of recording risk factors.4,5 The Tromso study showed that 
an increase in IMT (thickening of the intimal and medial part 
of the arterial wall) is an independent predictor of heart attack, 
stroke in general and ischemic stroke in particular.6

Still, there are some changes in the vascular system that can be 
attributed solely to the aging process. The most important con-
tributor to this statement comes from the BLSA study (Baltimore 
Longitudinal Study on Aging). Researchers of the BLSA study 
distinguish vascular aging as a physiological process that does not 
necessarily imply the onset of vascular disease. On the other hand, 
vascular disease is a condition mostly favored by unsuccessful aging 
and the loss of the natural balance of body processes.7
Additionally, it seems that not only exposure to various risk 
factor, but the time of exposure is what makes the difference of 
successful as opposed to unsuccessful aging. Namely, some of the 
changes characteristic of aging, such as the loss of elastin thus 
diminishing vascular elasticity, are observed at an earlier age in 
the population exposed to hypertension, hyperlipidemia or other 
vascular risk factors. It is considered that these people would 
have the earliest or pre-clinical/sub-clinical development of the 
vascular disease. Therefore, it is important to find methods by 
which it is possible to distinguish between normal vascular aging 
from vascular disease. 
Subclinical carotid disease is characterized by asymptomatic 
changes in the blood vessels, the development of which started 
an unfavorable chain of events that often ends in a stroke.8 It is 
not entirely clear whether subclinical arterial changes represent 
a risk of developing the disease or a manifestation of an already 
developed disease. Subclinical changes represent a syndrome 
in which three main changes are recognized: the formation of 
carotid plaque, the occurrence of thickening of the IMT and 
distensibility disorder in the supply vessels of the brain.9 The 
subclinical atherosclerotic process of the carotid tree is quanti-
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sheath, which occurs under the influence of several cytokines: 
interleukin-1 β, TNF-α and TGF-β. It was also experimentally 
confirmed that smooth muscle cell of the tunica media are more 
sensitive to chronic stimulation by cytokines than to acute stimu-
lation, thus activating a stronger response to injury. Endothelial 
balloon injury model leads to accelerated migration of smooth 
muscle cells and increased secretion of the aforementioned 
molecules, which causes destruction of the internal elastic sheath 
(probably via MMP-2 activation) and neointimal proliferation 
under the influence of bone marrow-derived hematopoietic pro-
genitor cells and platelet-derived growth factor ( PDGF).2

Endothelin, oxygen radicals, PGH2 and angiotensin II have a 
vasoconstrictive effect on the walls of arteries. Vasodilating effects 
are, in turn, exerted by: NO, PGE1 (prostaglandin E1), PGE2  
(prostaglandin E2), histamine, adrenomedurin and endothe-
lial hyperpolarizing factor (EDHF). In old age the vasodila-
tory vascular response to NO stimulation is reduced, and the 
total amount of nitrites and nitrates in the blood is increased. 
Vasoconstrictor vascular response to angiotensin II stimulation 
is also slowed, but can be affected by inhibition of NO synthe-
sis. In some studies, a reduced amount of NO due to aging was 
also recorded, which conditioned the increased expression of 
endothelial NO synthetase (eNOS). This response is associated, 
then, with increased production of mitochondrial superoxide, 
peroxynitrite and nitrosylated proteins that are evoked as cell 
protective mechanisms.20

 
Vascular aging
Age is the most significant risk factor for development of any 
chronic disease making the detection of sub-clinical manifesta-
tion of vascular disease so interesting today. Therefore, response 
to a certain stimulus is measured. To perform specific risk factor 
analysis, respondents to a certain stimulus are divided into age 
subgroups and according to the representation of a particular 
indicator. If an indicator is singled out for its positive or negative 
impact on health, the first or last quartile or quintile is usually 
determined. People in these subgroups are still not considered 
diseased, but are at an increased risk of developing the disease, 
and that is a criterion of “unsuccessful” aging.
The elasticity or AS of the carotid artery wall is a parameter used 
to test the mechanical ability of blood flow for adequate brain 
perfusion. Previous studies have established a negative relation-
ship between the thickening of the blood vessel wall and the 
decrease in elasticity, thus explaining a predictive value for the 
occurrence of stroke. So far, studies have used the following ap-
proach: conventional ultrasound machines (M mode analysis), 
intravascular ultrasound, phase contrast magnetic resonance 
angiography, “cine” magnetic resonance angiography and math-
ematical modeling or studies on models. The indicators used to 
assess AS are numerous, and often better adapted to laboratory 
than clinical conditions: intraluminal and extraluminal diameter 

of the artery, compliance21,22, extensibility (“distensibility”)23-27, 
stiffness28-32, pulse wave velocity and shear stress33-35. 
A reflection of age-related changes is a trait of intrinsic AS. In 
addition to AS increase in aging, endothelial dysfunction and an 
increase in and arterial pressure (measured as pulse pressure) are, 
also, possible. Several indicators of AS have so far been validated 
as a measure of vascular age: β-stiffness, Ep and AC. The first two 
indices increase with increasing age, while the last one decreases. In 
addition to age, -stiffness is, also, associated with the chronic influ-
ence of smoking, and Ep with elevated blood pressure values.36 
Combinations of individual factors create the personal vascular 
profile of each person and can help determine the degree of risk of 
developing arterial disease. Both changes occur simultaneously - 
endothelial dysfunction appears in the 6th decade, and at the same 
time there is a significant increase in PP or PWV.2 PWV is a non-
invasive indicator of AS that depends on mean arterial pressure 
and the intrinsic response to increased arterial mechanical exertion. 
It is considered that elevated PWV values   indicate an increased 
collagen content, a reduced elastin content and calcification of the 
tunica media. A significant increase in PWV is possible without 
simultaneous atherosclerotic changes in blood vessels.37 However, 
since PWV is also increased in hypertensive individuals, diabetics 
and people with atherosclerosis, it is believed that this connection 
does not only result from structural changes but also as a conse-
quence of endothelial regulation of smooth muscle tone.
Recently, research has shown that endothelial dysfunction 
can be assessed, in addition to changes in the arterial wall, by 
quantifying hematopoietic progenitor (EPC) cells in the blood. 
An increased number of EPCs is associated with an increased 
risk of mortality from cardiovascular disease, occurrence of a 
first cardiovascular event in life, acute myocardial infarction, 
total number of hospitalizations, and mortality from any cause. 
Therefore, the number of EPC cells can, also, be considered an 
indicator and biomarker of endothelial dysfunction.38

A bond between reduced mitotic index of individual tissue and 
increasing age is, also, observed.39 Endothelial aging is confirmed 
not only by enhanced α-galactosidase staining in the elderly, 
but, also, the expression of regulators of cell mitotic cycles such 
as telomere shortening and suppression of telomerase activity. 
Loss of telomere function promotes endothelial dysfunction, and 
suppression of telomere shortening has been shown to reverse 
endothelial dysfunction resulting from aging.40 Loss of telomere 
function is associated with the higher degree of atherosclerosis, 
pulse pressure and PWV (more pronounced in men).39,41

 
The role of aging in the development of 
vascular disease
Aforementioned mechanisms of vascular aging lead to several 
consequences. First of all, vascular remodeling by means of 
reduces NO production leads to increased AS, early signs of 
atherosclerosis and hypertension. Furthermore, AS increase then 
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potentially leads to systolic hypertension, left cardiac hypertro-
phy, atherosclerosis and stroke. Lastly, decrease in physical activ-
ity will promote all those changes. Still, all the mechanisms of 
vascular aging are intertwined. Research has recently shown that 
all the aforementioned changes in metabolism, enzyme activity, 
cellular and endothelial changes have an important causal and 
promotional role in atherosclerosis, vascular inflammation, vas-
cular remodeling and oxidative stress. Therefore, atherosclerosis 
is most likely a process resulting from the interaction of athero-
sclerotic process and the intrinsic arterial properties of aging. It 
means that the appearance of atherosclerosis at an earlier age is a 
reflection of accelerated aging on increased AS due to excessive 
exposure to classical risk factors (high blood pressure, smok-
ing, increased amount of fat in the blood, diabetes, unhealthy 
diet, insufficient physical activity and genetics).2 However, the 
Rotterdam study showed that there is an association of increased 
AS measured in the aorta and carotid artery with carotid IMT 
increase and the degree of stenotic changes measured in both the 
carotid arteries and the aorta.30

Morphological indicators of changes in arterial function in aging 
are increased diameter and thickening of the IMT. Changes called 
arterial remodeling are intimal hyperplasia and fibrocyte hyper-
trophy due to local changes in flow and wall loading forces – an 
adaptive mechanism that affects individual arterial segments and 
is not uniform along the entire length. They are characteristic of 
the aging process of large elastic arteries, and postmortem studies 
confirmed that thickened walls are the most common changes in 
the aorta associated with aging. Some authors believe that carotid 
IMT is only weakly associated with concomitant coronary disease, 
so it cannot be considered an accurate indicator of subclinical 
disease, but more likely a reflection of carotid remodeling.42 
IMT measurement has been considered a marker of early 
atherosclerosis since the Dutch ARIC study, but it cannot be 
considered a risk factor for cerebrovascular diseases, as a reduc-
tion in IMT thickness does not lead to a reduction in risk. A 
French study showed that 66% of the variability of IMT ACC 
and 74.9% of ACI could be explained as a consequence of 
heredity.43 Fox hypothesized that the genes for IMT could be 
located on the 12th chromosome.10  Howard established on the 
data of the ARIC study that the IMT in men is always slightly 
higher - 0.8mm vs. 0.73 mm in women.11  Using the same 
data, Blakenhorn observed that the annual progression of IMT 
thickness was the smallest in the ACC (0.01 mm), followed by 
the carotid bifurcation (0.025 mm), and the largest was ob-
served in the ACI (0.036 mm).44 Thirty eight percent of ACC 
IMT variability appears to be due to heritable factors.10 Almost 
at the same time, a group of Chinese researchers showed in 
their work that the genes that determine the characteristics of 
angiotensin converting enzyme (ACE) are also responsible for 
IMT, the diameter of the internal carotid artery (ACI), the 
elasticity and stiffness of the arteries.45

The ARIC prospective study showed, by measuring the change 
in diameter, Ep, Young’s EC (elasticity coefficient) and β-stiffness 
index, that a decrease in arterial elasticity by one standard devia-
tion increases the risk of developing hypertension by 15%. This 
influence is independent of the initial values   of blood pressure in 
the examined group.46

Although isolated systolic hypertension, most often after the age 
of 50 years, can be considered a good indicator, the Framingham 
study confirmed PP as a better predictor because it analyzes both 
systolic and diastolic pressure. Studies have shown that lowering 
the blood pressure values in hypertensive patients will not stop 
further vascular damage that has already started. In the future, 
we should aim to create medication with the potential to act not 
only on lowering blood pressure values, but, also, that would 
influence vascular remodeling and reduce AS.2 
Bussy et al. investigated AS in carotid arteries by determin-
ing and comparing a group of normotensive and hypertensive 
subjects by determining Young’s EC. The overall analysis did 
not indicate a difference, but the stratification of the subjects 
into tertile subgroups according to age showed that the intrinsic, 
or effective, AS of the material was increased only in younger 
hypertensive patients. Therefore, the influence of aging and hy-
pertension does not have an additive effect on the increase in AS, 
and changes in elderly hypertensive patients directly correspond 
to increased blood pressure values. However, the increase in AS 
is observed with age, and a special place in research is occupied 
by the carotid artery, which is more susceptible to pathophysi-
ological changes than some peripheral muscular arteries (eg. 
brachial or radial). At the age of 70, AS can have up to six times 
higher values   than those at the age of 20, which is even more 
pronounced in the case of hypertension or diabetes.47

As the AS of large elastic arteries becomes more and more rigid, 
there is an increase in central systolic pressure, a decrease in 
diastolic pressure, and a consequent increase in pulse pressure. 
Numerous studies have so far identified increased pulse pressure 
as an independent predictor of cardiovascular disease. Therefore, 
an increase in PWV most likely reflects: increased central systolic 
pressure, increased pulse pressure, and a change in AS structure/
state. In the latest research, it has been confirmed that an increase 
in PWV with a simultaneous decrease in total compliance are 
independent predictors of the onset of cardiovascular diseases. One 
of the incriminating events in the body for such a development 
can be non-enzymatic glycosylation, which is increasingly pro-
nounced in old age, especially in diabetics, so recently experiments 
have been made with drugs that would break these bonds.2

IMT measurement, aging and cerebrovascular 
risk factors
The usual approach to vascular risk factors in a cerebrovascular 
patient is to determine their the non-modifiable and modifi-
able risk factors. Non-modifiable risk factors are age, sex, race/
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ethnicity and genetics, while modifiable ones are: high blood 
pressure, heart disease, diabetes, smoking, alcohol abuse, use of 
oral contraceptives, history of TIAs (transient ischemic attacks), 
elevated red blood cell count, elevated blood cholesterol and 
lipids, unhealthy diet, obesity, and physical inactivity.
However, when all of them are excluded, about 60% of the 
causes of stroke remain unexplained. That is why nowadays the 
so-called “new” cardiovascular disease risk factors. These are, in 
order: lipid fractions, abdominal obesity, metabolic syndrome, 
elevated homocysteine   levels in the blood, infection and inflam-
mation, and subclinical carotid disease.48

In order to monitor IMT increase as a form of subclinical arterial 
wall changes, it is important to recognize the possible influence 
of the underlying cause. Elevated blood pressure is probably the 
most significant vascular risk factor, and by expressing systolic 
blood pressure values   or PP, we can fairly accurately relate to 
the development of changes in IMT thickness in ACC.49 Other 
main factors that cause subclinical changes in arterial walls are: 
age9, diabetes or impaired glucose tolerance, unregulated blood 
pressure, dyslipidemia50 and hyperhomocysteinemia51. Factors 
such as smoking and excessive consumption of alcoholic bever-
ages also promote the occurrence of these changes. Among the 
important newly discovered factors that stand out are C reactive 
protein levels (especially high sensitivity type), lipoprotein (a), 
fibrinogen and homocysteine levels, repeated vascular spasm and 
hemodynamic trauma.48,52 
For many years, neurologists have been researching and assess-
ing risk for stroke by measuring IMT, and one of the first was 
the Finnish Kuopio study that observed an increase in risk with 
progressive IMT thickening.53 The French IMMEDIAT study 
showed in 2002 that the risk of developing cerebrovascular 
diseases can be assessed by recording the presence of plaques and 
IMT > 0.7 mm.54 In the same year, Cupini estimated that the 
risk of non-lacunar stroke increases by 26% for every 0.1 mm 
increase. It has also been noted in studies that the frequency of 
certain risk factors varies in different parts of the carotid tree. 
The most common in CCA (common carotid artery) are age, sex, 
increased blood pressure, increased LDL level in the blood and 
smoking; in carotid bifurcation, age and smoking; and in ACI 
age, sex, elevated blood pressure, diabetes and smoking.55,56 In 
addition, systolic and pulse pressure have an influence on IMT 
thickening.57 
Another significant factor influencing IMT thickening is diabetes 
and the length of its duration, i.e. insulin values   measured on 
an empty stomach. The thickening is on average 0.05-0.08 mm 
greater than the control group.57,58

The increased amount of fat in the blood causes an average thick-
ening of the IMT by 0.13 mm, and within two years men are 
more prone to thickening.53,59 Here, the maximum concentration 
of triglycerides measured in the blood after a fatty meal, and not 
the average serum values, have a predictive value.60

The ARIC study showed an association between thickening of 
IMT and body mass index, especially if abdominal obesity as 
expressed by the waist-to-hip ratio is taken into account.57,61 In 
the same study, the association of IMT thickening with elevated 
blood fibrinogen values   was confirmed.62 In addition to the 
harmful effects of smoking, there is a connection between thick-
ening of the IMT and the regularly consumed amount of alcohol 
when it amounts to more than 30g per day when an elevated 
concentration of IL-6 can be measured in the blood.63 
Among other inflammatory indicators, thickening of the IMT 
can be associated with an increase in the total number of leuko-
cytes in the blood and an increased concentration of C reactive 
protein.64 Some people are, also, seropositive for Cl. pneumo-
niae.65 Elevated homocysteine   values   also cause IMT thickening 
in the ARIC study, and this is particularly useful in assessing 
early stage atherosclerosis.59

Regular physical activity and optimal nutrition are effective in 
preventing the progression of IMT thickening in non-smokers.66 
Other influences include the serum titer of antibodies to oxi-
dized LDL cholesterol, increased copper values, and decreased 
selenium values   in the blood as promoters of IMT thickening. 
Research on the endocrine system began when, after the admin-
istration of sex hormones28, it was proven that the endocrine sys-
tem plays an important role in the thickening of IMT, and most 
likely also a significant role in preserving the elastic properties of 
arteries. Pentz Vidović observed that after the application of hor-
mone replacement treatment in menopausal women for 6 or 12 
months, the return of thickened IMT values   to baseline values   is 
measured.67 Lack of thyroid hormone leads to a reversible thick-
ening of IMT in ACC, so after the application of replacement 
treatment or after the normalization of thyroid gland function, a 
reduction of IMT to the value before the onset of the disorder is 
observed. Therapy with T4 hormone in hypothyroidism has the 
opposite effect.68

As for the medications use - Ca blockers in the ELSA and 
PREVENT studies, ACE inhibitors in the HOPE SECURE 
substudy, and beta blockers with statins in the ELVA study 
showed efficacy in reducing the progression of IMT thickening 
in patients who took these medications.69-72 Many large clinical 
studies have shown that the use of statins enables the regression 
of early changes: ACAPS (lovastatin), CLAS (colestipol), PLAC-
II (paravastatin), MARS (lovastatin) and REGRESS (pravas-
tatin) . The ASAP study showed that atorvastatin is better than 
simvastatin.73 The ASAP study showed that taking 250 mg of 
slow-release vitamin C and 136 IU of vitamin E daily signifi-
cantly reduced the annual progression of IMT thickening in men 
in 33% of cases and in women in 14% of cases. This influence is 
more significant in those people who have carotid plaques before 
starting vitamin therapy.73 
Measurement of IMT is established and widespread among 
clinicians because it is a simple and reproducible method.74 Some 
authors use IMT measurement to assess the risk of cerebrovascular 
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and cardiovascular disease.8,75 Zureik even proved that, by isolating 
certain serum enzymes, it is possible to biochemically monitor the 
frequency of carotid plaque occurrence. Namely, elevated values   
of elastase inhibitors in the serum of subjects during the four-year 
follow-up are proportional to the number of carotid plaques.76 
The indicators that we measure in various places in the carotid tree 
can also be measured in the aorta, where the changes are visible 
even a little earlier in the timeline of pathological changes, and the 
measurement techniques do not differ.31

However, the thickening of the IMT can be a misleading indica-
tor, because the changes on the walls do not take place evenly.77 

For this reason, it seems prudent not to focus solely on IMT 
measurement, but include other measures of vascular aging and 
arterial remodeling. 

Conclusion
Arterial remodeling is a physiological process that is primarily 
influenced by aging. Whether it reflects the traits of success-
ful aging or strays from it determines the potential for future 
development of pathophysiological processes and, eventually 
atherosclerosis with increased risk for cerebrovascular disease 
occurrence.
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Abstract
Stroke is one of the major public health problems and it is the leading cause of death in the world 
with around 6.5 million deaths per year. Age-specific mortality rates increase with age and are higher 
in men than in women for all age groups, except at the age of 80+ when the mortality rates in women 
are higher than in men. Women live longer and therefore have a higher lifetime risk of stroke than 
men. Women have sex-specific risk factors as well as some unrecognized risks that contribute to poor 
stroke outcomes. Among the traditional risk factors that have a greater impact on stroke in women are 
hypertension, atrial fibrillation and diabetes mellitus. Risk factors unique to women include preg-
nancy, gestational diabetes, hypertensive disorders of pregnancy, eclampsia and preeclampsia, changes 
in hormonal status, postmenopausal hormone use and oral contraceptive use. Although in both sexes 
stroke is most often presented by weakness of one side of the body, face or speech disorders, women 
may also present with more atypical symptoms of acute stroke compared to men. Women also have a 
longer delay to treatment, and less frequently receive acute stroke evaluation than men.

Keywords: stroke; women; atrial fibrillation; blood pressure

Sažetak:
Moždani udar u žena: razlika u riziku, čimbenici i liječenje u usporedbi s muškarcima
Moždani udar jedan je od najvećih javnozdravstvenih problema i vodeći je uzrok smrti u svijetu s oko 
6,5 milijuna smrtnih slučajeva godišnje. Dobno specifične stope mortaliteta rastu s godinama i veće 
su u muškaraca nego u žena za sve dobne skupine, osim u dobi od 80+ godina kada su stope mor-
taliteta u žena veće nego u muškaraca. Žene žive dulje i stoga imaju veći životni rizik od moždanog 
udara od muškaraca. Žene imaju čimbenike rizika specifične za spol, kao i neke neprepoznate rizike 
koji pridonose lošijim ishodima moždanog udara. Među tradicionalnim čimbenicima rizika koji imaju 
veći utjecaj na moždani udar kod žena su arterijska hipertenzija, fibrilacija atrija i dijabetes melitus. 
Čimbenici rizika jedinstveni za žene uključuju trudnoću, gestacijski dijabetes, hipertenzivnu bolest u 
trudnoći, eklampsiju i preeklampsiju, promjene u hormonskom statusu, korištenje hormonske terapije 
u postmenopauzi i korištenje oralnih kontraceptiva. Iako se kod oba spola moždani udar najčešće 
manifestira slabošću jedne strane tijela, lica ili smetnjama govora, kod žena se mogu javiti i atipični 
simptomi moždanog udara. Žene također dulje čekaju na obradu, procjenu i liječenje moždanog udara 
od muškaraca.

Ključne riječi: moždani udar; žene; fibrilacija atrija; krvni tlak
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to have higher blood pressure than male stroke patients. Al-
though women have lower blood pressure than men for most of 
their lives, the prevalence of hypertension increases dramatically 
after menopause and exceeds that of men after age 55 (7). Blood 
pressure control is particularly poor in older women. In a large 
study in 26 countries, only 29% of women aged 70-79 years had 
well-controlled blood pressure (10).
Atrial fibrillation is a modifiable risk factor for both women 
and men, with data showing that women with atrial fibrillation 
have a higher risk of stroke and all-cause mortality compared 
with men. Female sex was also included as a risk factor in the 
CHADS2VASc2 score for anticoagulation decision making. 
Women > 65 years with atrial fibrillation are at particularly high 
risk of stroke (6). The usual therapy for atrial fibrillation is an-
ticoagulation. There are some data showing that women are less 
likely to be treated with anticoagulation and that women have 
a higher risk of stroke despite anticoagulation with warfarin. 
No difference was found between men and women treated with 
novel anticoagulants (10).
Diabetes mellitus is more strongly associated with ischemic stroke 
in women than in men, with a more pronounced difference in 
type 1 diabetes. The risk of ischemic stroke increases in women at 
lower fasting blood glucose levels than in men, even after adjust-
ment for treatment with oral hypoglycemics or insulin (6).
Women-specific risk factors include pregnancy, gestational diabe-
tes, eclampsia and preeclampsia, changes in hormonal status, use 
of postmenopausal hormones, and use of oral contraceptives. In 
women who use oral contraceptives, obesity and hypercholester-
olemia increase the risk of stroke by 4.6 and 10.8 times, respec-
tively, compared with women who have no risk factors and do 
not use oral contraceptives. Early menarche and early menopause 
are also associated with increased stroke risk (8).
Migraine has been shown to be a risk factor for stroke in women, 
but not in men, with an exponentially increased risk in women 
who smoke cigarettes or use oral contraceptives (2).
Elevated body mass index, clinical obesity (body mass index, ≥30 
kg/m2 ), and higher waist-to-hip ratio are associated with higher 
risk of ischemic stroke in both sexes, but with a stronger associa-
tion in women than men (6).
Underrecognized risk factors that contribute to poor stroke out-
comes in women include depression and anxiety, which are as-
sociated with an increased risk of morbidity and mortality from 
cardiovascular disease. Although they have not been sufficiently 
investigated, other risks are beginning to be recognized, for 
example, abuse and violence by intimate partners, socioeconomic 
deprivation and poor health literacy (8).
In Croatia, the public health campaign Red Dress Day was 
launched in 2019., and is traditionally held on the first friday in 
February under the tag #wearred. The goal of this public health 
campaign is to raise awareness of the causes, warning signs and 
consequences of stroke in women (8).

Introduction
Stroke is one of the major public health problems and it is the 
leading cause of death in the world with around 6.5 million 
deaths per year (1). In Europe, it is also the second cause of 
death, after ischemic heart disease, with around 1 million deaths 
per year. Also, stroke is the cause of death in 13% of deceased 
women and 9% of deceased men in Europe. In Croatia, stroke 
has been the second cause of mortality for years, with a total of 
4,950 deaths in 2020. and a share of 8.7% in total mortality. 
In men, stroke is in third place after ischemic heart disease and 
COVID-19 infection, while in women it is behind ischemic 
heart disease and hypertension, but compared to 2019., there 
was no decrease in deaths (2). Patients often suffer from neuro-
logic sequelae as well as increased likelihood of hospital readmis-
sion and complications such as infections, venous thromboem-
bolism, falls, and fractures (3).
Age-specific mortality rates increase with age and are higher in 
men than in women for all age groups, except at the age of 80+ 
when the mortality rates in women are higher than in men (4). 
Although men have a higher age-adjusted incidence of stroke, 
women live longer and therefore have a higher lifetime risk of 
stroke than men (5). The social context for women experiencing 
stroke is also important. The age at onset of stroke is on average 
4 to 6 years higher in women than in men. In addition, women 
are more likely to be widowed, unmarried, or living alone and 
to be more limited in their activities of daily living than men at 
the time of stroke (6). Women tend to have worse functional 
outcomes after stroke in terms of return to basic life activities 
and quality of life (3). In addition, women are at higher risk of 
institutionalization after stroke (5).
Men and women differ in their likelihood of having a stroke, in 
the importance of various risk factors, and in the effectiveness of 
various treatments during and after a stroke (7). The main aim 
of this review to highlight current knowledge about stroke in 
men and women, as well as potential areas for future studies and 
investigations. 

Risk factors
In women, there are large differences in the strength of as-
sociation of stroke risk factors. In addition to nonmodifiable 
risk factors for stroke (age, genetics, and race), there are several 
modifiable risk factors, and women are more affected by certain 
risk factors than men. In addition, women have sex-specific risk 
factors as well as some unrecognized risks that contribute to poor 
stroke outcomes (5). Traditional risk factors that have a greater 
impact on stroke in women include hypertension, atrial fibrilla-
tion, and diabetes mellitus (8).
Hypertension is the most common modifiable risk factor for 
stroke in both men and women. Several analyses have shown 
that intensive blood pressure control is the most beneficial for 
stroke risk reduction (9). Female stroke patients are more likely 
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Clinical presentation
Although stroke is most commonly manifested by weakness of 
one side of the body, facial or speech disorders, women may also 
present with more atypical symptoms of acute stroke compared 
with men, which may lead to delayed diagnosis. These atypical 
symptoms may include altered consciousness or mental status, 
fatigue, drowsiness, incontinence, facial and limb pain, and general 
weakness. Women also experience nausea, chest pain, shortness of 
breath, palpitations, and hiccups (11). If emergency department 
physicians do not recognize these symptoms as potential signs of 
acute stroke, patients may be inappropriately triaged, insufficiently 
or incorrectly treated, which can lead to a poor outcome (3).

Stroke treatment
Women have better awareness of stroke symptoms but are less likely 
to call an ambulance and more likely to not know when symptoms 
occur. Women also have a longer delay to treatment and are less 
frequently receive acute stroke evaluation than men (9).
The efficacy of intravenous tissue plasminogen activator (tPA) in 
the treatment of acute ischemic stroke is well established (3). A 
meta-analysis of 24 studies published between 2008. and 2018. 
reported on sex-specific usage rates of use of IV r-tPA in ischemic 
stroke. The analysis found that women were 13% less likely to 
receive IV r-tPA treatment compared with men (6). In a study 
of 100 patients, higher recanalization rates after tPA for anterior 
circulation strokes were seen in women than in men. In addition, 
neurologic improvement within 72 hours of treatment occurred 
significantly more often in women.
Endovascular thrombectomy (EVT) for the treatment of acute 
stroke is now standard of care in patients with large vessel oc-
clusions occurring in specific time windows with appropriate 

imaging features. An analysis of data from three early EVT trials 
examining sex differences in thrombectomy outcomes found no 
difference in reperfusion rates, time to reperfusion, or adjusted 
rates of functional independence. However, after adjustment for 
age at presentation and stroke severity, women had more years of 
optimal life after EVT (9).
Several studies have shown that a higher rate of endovascular 
thrombectomy is performed in women with ischemic stroke 
than in men. Sex differences in the treatment of ischemic stroke 
were examined in an administrative database in Germany, where 
more than 1.11 million patients were hospitalized for a first or 
recurrent ischemic stroke from 2013. to 2017. During the 5-year 
study period, women were 26% more likely overall to receive 
endovascular thrombectomy. Similar findings were made in a 
retrospective study of more than 4 million patients in the United 
States, in which women were 20% more likely to be treated 
with endovascular thrombectomy compared with men between 
2016. and 2017. The reasons for this sex disparity are unknown; 
one of the reasons may be that women with atrial fibrillation are 
less likely to be treated for stroke prevention, which may lead to 
more large-vessel cardioembolic strokes in women and a higher 
need for endovascular thrombectomy (6).

Conclusion
Stroke remains a serious and growing problem, especially in 
women, as the population ages. Health care providers should 
recognize and treat important stroke risk factors such as hyper-
tension, diabetes mellitus, atrial fibrillation, and depression 
It is critical to continue to monitor gender trends and develop 
strategies to ensure optimal stroke care for both women and 
men. Better knowledge of the impact of sex and gender on stroke 
will improve outcomes for all affected.
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Abstract
Metabolic syndrome (MetS) is characterized by a defined cluster of clinical conditions which include 
hypertension, impaired glucose tolerance, visceral adiposity and dyslipidemia. Dementia is group of 
symptoms which have in common deterioration in cognitive function, more than expected from the 
age of individual, and Alzheimer’s disease (AD) is the most common formo f dementia. Prevalence of 
both MetS and dementia, including AD, is growing at explosive rate worldwide, both conditions are 
multifactorial and there is a growing evidence of increased risk of dementia in patients with MetS. In 
this review, we described the potential underlying role of main components of MetS in the mechanism 
of pathogenetic changes in dementia. The main pathophysiological factors that contribute to dementia 
are non-ischemic neurodegeneration and/or neuronal death with accompanying neuroinflamma-
tion, and vascular injury. Specific components of MetS may cause or exaggerate all these changes in 
individual patient, leading to worsening or accelerating cognitive decline. Better understanding and 
recognition of the role and mechanism of MetS components as potential underlying factors in demen-
tia, is expected to have a beneficial role in prevention and treatment of dementia, as many of MetS 
components may be influenced on with appropriate change of habits and therapy.

Keywords: metabolic syndrome, vascular complication, diabetic, Alzheimer disease, cognition 
disorders, dementia

Sažetak:
Zajednički patogenetski čimbenici u metaboličkom sindromu i demenciji
Metabolički sindrom (MetS) je obilježen definiranom skupinom kliničkih stanja koja uključuju 
hipertenziju, smanjenu toleranciju glukoze, visceralni oblik pretilosti i dislipidemiju. Demencija 
je skupina simptoma koje karakterizira progresivno pogoršanje intelektualnih sposobnosti sve do 
narušavanja socijalnog i radnog funkcioniranja, više nego što se očekivalo u odnosu na dob osobe. 
Najčešći oblik demencije je Alzheimerova bolest (AD). Prevalencija MetS-a i demencije, uključujući 
AD, raste eksplozivnom brzinom širom svijeta, oba stanja su multifaktorska i sve je više dokaza o 
povećanom riziku od demencije u bolesnika s MetS-om. U ovom preglednom radu opisana je potenci-
jalna uloga glavnih komponenti MetS-a u patogenetskom mehanizmu demencije. Glavni patofiziološki 
čimbenici koji doprinose demenciji su neishemijska neurodegeneracija i/ili neuronska smrt s pratećom 
neuroinflamacijom, kao i promjene krvnih žila. Specifične sastavnice MetS-a mogu uzrokovati ili 
pogoršati sve ove promjene različito kod pojedinih bolesnika, što dovodi do pogoršanja kognitivnih 
funkcija odnosno ubrzanog razvoja demencije.Očekuje se da će bolje razumijevanje i prepoznavanje 
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Introduction
In parallel with an aging population, the number of patients with 
dementia is continuously growing, especially in developing coun-
tries. According to recent reports, more than 55 million people 
currently live with dementia worldwide, and there are nearly 10 
million new cases every year (1). The number of patients with 
dementia is expected to rise to 78 million in 2030 and 139 mil-
lion in 2050 (1). As a chronic, disabling syndrome, dementia has 
a significant social impact and it is followed by many psychologi-
cal, economic, and other consequences that influence not only 
on an individual patient’s life, but they affect the whole family 
and carers.
Dementia is a disorder that is characterized by a decline in 
cognition affecting one or more cognitive functions: learning 
and memory, language, executive function, complex attention, 
perceptual-motor, and social cognition. (2) Among different 
types of dementia, Alzheimer type of dementia (or Alzheimer’s 
disease, AD) is the most common, with 60-70% of cases (1). 
AD is defined as progressive impairment of cognitive functions 
followed by memory loss with two characteristic pathological 
hallmarks: extracellular accumulation of amyloid-β peptides that 
form amyloid plaques, and intraneuronal finding of neurofibril-
lary tangles predominantly composed of aggregates formed by 
hyperphosphorylated Tau-protein. (3, 4, 5) These two conditions 
lead to increased inflammatory response in the central nervous 
system (CNS) followed by oxidative stress and neuronal degen-
eration. (6) The most important risk factor for the development 
of AD is the age of an individual, as more than 90-95% of cases 
occur in people that are older than 65 years (late-onset AD), and 
only 5-10% of all cases affect younger people, mostly 30-60 years 
old (7). The latter, early-onset AD is often inherited as familial 
AD with an autosomal-dominant manner, where genes coding 
proteins amyloid precursor protein (APP) presenilin 1 (PSEN1) 
and presenilin 2 (PSEN2) are affected. (7, 8, 9, 10). However, 
in AD patients both with early- and late-onset, the main genetic 
risk for the development of AD is ε4 variant of gene for apolipo-
protein E (APOE4), especially in women (11, 12, 13). Besides 
age and genes as the main known risk factors, several other fac-
tors can contribute to the pathogenesis of the disease, including 
diet, lifestyle, alcohol, smoking, and pollutants, and AD is today 

uloge i mehanizma komponenti MetS-a kao potencijalnih patofizioloških čimbenika u demenciji imati 
korisnu ulogu u prevenciji i liječenju demencije, jer se na mnoge komponente MetS-a može utjecati 
odgovarajućom promjenom navika kao i adekvatnim liječenjem.

Ključne riječi: metabolički sindrom, vaskularna komplikacija, dijabetička, Alzheimerova bolest, 
kognitivni poremećaji, demencija

considered a multifactorial disease with a complex interplay 
between genetic, epigenetic and environmental factors (3, 10). 
Women have more predisposition for AD, they are more vulner-
able to brain injury caused by Tau-aggregation, and recently this 
predisposition was linked to higher levels of an enzyme X-linked 
ubiquitin-specific peptidase 11 (USP-11) both in women and 
experiments in female mice (14).
Vascular dementia (VD) is the second by order common type 
of dementia (30% of cases with dementia) This term relates to a 
cluster of different conditions affecting primarily the circulatory 
system (15). AD is often present with coexisting VD, and these 
two conditions may augment each other’s influence on a patient’s 
cognitive deterioration (16, 17). Other types of dementia are 
much less common, and they are caused by various other factors 
and conditions that affect the brain directly or indirectly They 
are classified as frontotemporal, Lewy body dementia, unspeci-
fied dementia and mixed dementia (17); they are not topic in 
this review.
Metabolic syndrome (MetS) is a condition characterized by a 
defined cluster of clinical conditions which include hypertension, 
impaired glucose tolerance, central (or visceral) adiposity, and 
dyslipidemia, and together they are known as a “deadly quartet” 
(18, 19, 20, 21). This infamous name relates to the fact that 
MetS presents a well-known group of independent risk factors 
that, when present together, significantly increase total cardio-
vascular morbidity and mortality and are also associated with the 
development of type 2 diabetes mellitus (T2DM) which per se is 
one of the greatest burdens of disease worldwide. At first, MetS 
was described by Reaven in 1988. under the name “syndrome X” 
(18), but the clinical definition of MetS was revised several times 
over years, and the final criteria were adopted in 2009. by the 
cooperation of several world associations (WHO- IDF, National 
Heart, Lung, and Blood Institute, American Heart Association, 
World Heart Federation, International Atherosclerosis Society, 
and International Association for the Study of Obesity) (21). 
The latest definition includes at least three out of a total of five 
cardio-metabolic abnormalities: elevated blood pressure >130/85 
mmHg; central type (visceral) adiposity with waist circumference 
>102 cm in men and > 88 cm in women; insulin resistance with 
fasting glucose concentration > 6,1 mmol/L (2h after the meal 
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>7,7 mmol/L); elevated serum triglycerides level > 1,7 mmol/L; 
atherogenic dyslipidemia with serum low-density lipoproteins 
(LDL) level > 2,59 mmol/L and low serum high-density lipopro-
tein (HDL) level < 1, 04 mmol/L in men and < 1, 29 mmol/L 
in women (21). It is estimated that 25% of the world popula-
tion suffers from MetS, and in people older than 40 years this 
percentage raises to 40%. Such a high prevalence is responsible 
for the fact that MetS becomes a growing public health problem 
with a huge socio-economic impact. 
More than a fact it causes significant mortality from cardiovas-
cular complications and T2D, clinical conditions associated with 
MetS, i.e. obesity, hypertension, hyperglycemia, and dyslipi-
demia; present also emerging risk factors for several other chronic 
and potentially fatal conditions like several types of cancer, non-
alcoholic fatty liver disease, arthritis caused by hyperuricemia, 
infections and cognitive decline (22, 23, 24). 

Metabolic syndrome, insulin resistance, 
diabetes type 2, and dementia
The connection between MetS and cognitive decline, including 
AD, is known for years, and it is still a topic of active investiga-
tion. A link between clinical changes associated to MetS, and 
loss of cognitive function has been confirmed in several studies 
(23, 25, 26) Mild cognitive impairment (MCI), a condition that 
lies between normal cognitive aging regarding age and social 
factors like education; and AD, more severe neurological disease 
was also linked to MetS, but this connection was not causa-
tively proven (27). Insulin resistance with hyperinsulinemia, as 
a component of MetS and type 2 diabetes mellitus (T2DM) 
are a known risk factor for cognitive decline, from MCI to AD 
(28 6, 29; 30; 31, 32, 33, 34). Luchsinger et al. in their study 
reported that hyperinsulinemia doubles the risk of AD. (35). 
In an extensive observational study that encompassed 89,708 
diabetic patients, Gudala and al. reported a 73% increased risk of 
all types of dementia, a 56% increased risk of AD, and a 127% 
increased risk of VD. (36) Even mild, subclinical hyperglycemia, 
in the non-diabetics, was shown to cause significant atrophy in 
hippocampus and amygdala, aging-sensitive brain regions (37; 
38); the other studies that performed neuromaging techniques 
in diabetic patients have found pathomorphological changes 
in many brain regions, including parietal regions, posterior 
cingulate cortex, and precuneus which have been linked with 
corresponding cognitive and other neurological symptoms (39). 
These data about the role of hyperglycemia in pathogenesis of 
dementia gave rise to a new term, type 3 diabetes (T3DM), as a 
neurometabolic disorder (40, 41)
Hyperinsulinemia and impaired insulin signaling share some 
common pathophysiological features with AD, as they are both 
characterized with changes in metabolism and dysfunction of the 
vascular system. In a recent systematic review, after filtering origi-
nal articles on proteomic analysis of serum biomarkers in patients 
with AD and T2DM, Pereira et al. performed a meta-analysis of 

22 studies on AD and 12 studies on T2DM comparing serum 
biomarkers in T2DM and AD. They found an overlapping of total 
of 17 proteins among the total present 205 proteomic biomarkers 
for AD and 149 for T2DM, which were differentially expressed 
in both diseases compared to the control. Many of these proteins 
were part of lipid metabolism, and some of them belonged to 
apolipoproteins (A1, A4, B100, and E). Some of the shared bio-
markers were part of immune system molecules, like complement 
component C4 and constant (C) region of immunoglobulins, 
which is consistent with the fact of involvement of immune factors 
in both diseases (33). Although T2DM and AD affect different 
compartments – AD is primarily CNS disease and T2DM primar-
ily affects multiple peripheral organs and cells, especially myocytes, 
adipocytes, and hepatocytes, they share many pathogenetic simi-
larities. Both diseases show increased incidence in parallel with age 
(6, 33) and they are slowly progressive with long-term asympto-
matic periods and they have complex, multifactorial pathogenesis. 
Furthermore, in both diseases impaired insulin signaling has an es-
sential role in pathogenesis (42). In diabetic patients, there are sev-
eral pathophysiologic mechanisms that may lead to dementia. The 
most common pathway for vascular dementia (but also important 
in other types of dementia) is mediated by increased atherosclerosis 
in larger cerebral arteries, leading to decreased oxygen supply. The 
other common vascular diabetic complication is diabetic microan-
giopathy, which affects small cerebral vessels and causes complica-
tions in a way of lacunar infarctions and other types of hypoxic 
injuries. Other noxious pathways leading to dementia include 
different mechanisms of neurodegeneration, which may occur be-
cause of accumulation of amylin, or increased oxidative stress that 
leads to mitochondrial dysfunction, and activation of enzymes that 
mediate aberrant neuronal and/or glial signaling (23)
In AD patients, defective insulin signaling is one of the consist-
ent characteristics of the disease (42, 43). In normal conditions, 
insulin produced in pancreatic beta-cells can pass blood-brain 
barrier (BBB) and blood-cerebrospinal fluid barrier, via a selec-
tive active transport mechanism across endothelial cells in BBB, 
or receptor-mediated endocytosis via tanycytes in circumven-
tricular organs (43). The concentration of insulin in the brain 
is much smaller than insulin plasma concentration, but it is 
proportional to peripheral insulin concentration, suggesting that 
the source of brain insulin comes from peripheral blood (42, 43). 
Insulin receptors (IR) are abundantly expressed in different parts 
of the brain and the expression is higher in some regions, like 
the olfactory bulb, hypothalamus, hippocampus, cerebral cortex, 
striatum, and cerebellum (44, 45, 46). In the brain, several 
isoforms of IR have different distributions and they show differ-
ences in affinity toward insulin or IGF-1, which is linked with 
distinct signaling pathways and effects on the target cell (44, 45). 
Insulin may be even produced de novo locally in the brain, but 
there is still no consistent proof for functional insulin secretion, 
and the regulatory loop of insulin secretion and utilization is 
not well-investigated in the brain. It is interesting that insulin 
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mRNA expression was found in post-mortem human brain sam-
ples, especially in the hippocampus and hypothalamus. In AD 
patients, this expression was decreased in comparison to control 
brain tissues (42, 47). A significant difference between insulin’s 
role on the periphery and its role in the brain is that GLUT4, an 
insulin-sensitive transporter, is expressed only in restricted brain 
areas, mostly in the hippocampus and hypothalamus, so insulin 
has a much less significant role in the regulation of glucose up-
take in most of the brain regions, which predominantly express 
insulin-insensitive transporters GLUT1 and GLUT5, depending 
of the cell type (46). Although insulin is not essential for the 
transport of glucose in the brain, it has an important regulatory 
role in glucose metabolism and many other functions that may 
be independent of IGF-1 or may overlap with IGF-1, like regula-
tion of protein synthesis, cell growth, and proliferation as other 
cell-specific functions. The expression of insulin receptors is es-
pecially prominent in brain areas that control memory, behavior, 
and food intake (48). Transport of glucose, both in the brain and 
in the periphery, is affected by a number of factors, including 
obesity, inflammation, glycemia, diabetes mellitus, and levels of 
circulating triglycerides (46). 
An important mechanism of neurodegeneration in the most 
common dementia, AD, includes brain insulin resistance and 
impaired brain glucose metabolism, with accompanying neuroin-
flammation and oxidative stress. Brain insulin resistance is also 
present in other neurodegenerative diseases like mild cognitive 
decline, depression, and Parkinson’s disease (46), but also in 
MetS, obesity, and T2DM. How brain insulin resistance partici-
pates in neurodegeneration in AD, is still unknown at the mo-
lecular level. It seems that insulin signaling may be important for 
a decrease of the formation of amyloid plaques and normal clear-
ance of Aβ oligomers, as whole-brain/neuron insulin receptor 
knockout (NIRKO) mice had increased levels of phosphorylated 
tau (49). Adding insulin or IGF-1 had a beneficial effect in AD 
model mice, decreasing cognitive deficits and increasing clear-
ance of Aβ oligomers (46, 50) Impaired insulin signaling leads to 
changes in mitochondrial function, decreased ATP synthesis, and 
increased oxidative stress, with the release of damage-associated 
molecular patterns in the neuronal microenvironment. This can 
activate an inflammatory response, triggered by activation of 
transcriptional factor NF-kappa B, which is responsible for stim-
ulation of immune cells (microglia and resident macrophages) 
to release inflammatory cytokines, IL-1, TNF-a, and IL-6. These 
cytokines, in turn, are responsible for damage to the BBB barrier, 
and an influx of inflammatory molecules from the blood into the 
brain, that may accelerate neurodegeneration. (51, 52, 53).
Currently, dementia is much more recognized as one of the 
main complications in DM, although the mechanisms that lead 
to hyperglycemia-induced neurodegeneration are still under 
investigation. It is expected and partially proven that good 
glycemia control and an increase of peripheral insulin sensitivity 
by administration of antidiabetic agents could have a beneficial 

effect on cognition and dementia prevention. Some studies 
indicate that the administration of a new generation of antidia-
betic agents that inhibit the inactivation of incretins glucagon-
like peptide 1 (GLP-1) and glucose-dependent insulinotropic 
polypeptide (GIP) by dipeptidyl peptidase-4 (DPP-4) inhibitors, 
is linked with beneficial effects on mini-mental state examination 
(MMSE) test in subjects with dementia (54). However, a study 
by Tseng CH et al. in 2021. on a large sample of subjects (54) 
showed no association of vildagliptin therapy or incretin therapy 
with lower dementia risk in new-diagnosed type 2 diabetes pa-
tients followed up for dementia diagnosis. (55). Currently, there 
is no convincing evidence about the DPP-4 inhibitor’s protective 
or therapeutic effect on cognition (54). One of the problems 
may be the less availability of systemic antidiabetic therapy in 
human CNS because BBB prevents the entering of most of the 
molecules into CNS. A much more protective effect mediated 
by DPP-4 inhibitor was noticed in animal models in which 
breaking of BBB was induced by streptozocin, so the antidiabetic 
agent was more available locally in CNS. (55) 

Obesity, metabolic syndrome and cognitive 
decline in alzheimer’s disease
An important component of MetS is obesity, and it is involved 
both in the pathogenesis of AD and in its progression. Similar 
to the case of hyperglycemia and diabetes, obesity has a complex 
role in the pathogenesis of AD, which can be direct and indirect. 
The relationship between risk for AD and body weight is not 
clear. The risk curve posing in the relationship between body 
mass index (BMI) and AD is actually U-shaped, i.e. the risk for 
AD is the highest in individuals with low BMI < 18,5 kg/m2 
(56) On the other side, obesity, especially visceral (abdominal) 
obesity in midlife acts as an independent factor that contributes 
to cognitive decline and development of neurodegeneration in 
AD. (23, 57). Obesity can act indirectly through the induction 
or promotion of other conditions: atherosclerosis, hypertension, 
and diabetes mellitus, that on their own have an influence on 
the pathogenesis of AD. Regarding obesity as a direct causative 
factor in AD, epidemiological studies still do not show consist-
ent results, or they are sometimes contradictory (58), and the 
mechanism of how obesity per se increases the risk for AD is 
not clear. A recent large meta-analysis of genome-wide associa-
tion studies (GWAS) on AD including 71,880 cases of AD and 
383,378 controls, has shown that a genetically predicted increase 
in BMI in the adult life period was significantly associated with 
a higher risk of AD, and that low birth weight was also linked 
with a higher risk of AD (58). These results were at least partly 
explained by authors by indicating the fact that low birth weight 
is often associated with impaired neural development, and higher 
birth weight is linked to better cognitive development and “brain 
reserve” for later life. (58). Despite the inconsistent epidemio-
logical data about obesity and risk for AD, numerous studies 
showed the existence of pathological changes in CNS in obese or 
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adipose patients. In adolescents with MetS, lower cognitive per-
formance and reductions in brain structural integrity, especially 
the smaller hippocampal volumes, have been proven with MRI 
and neuropsychological evaluation (59) Although the number 
of participants in this study was relatively small (total 111), the 
study is important in the context of the increasing prevalence 
of childhood obesity, because MetS in young age is a predictor 
of the future health risk of complications of MetS and cogni-
tive impairment in the same individuals as adults. Hippocampal 
reduction and cognition impairment were also detected in adults 
with MetS and adolescents with MetS and T2DM (59)
It is known that habits like a sedentary lifestyle with consuming 
a high-fat diet, in addition to genetic influence present com-
mon risk factors for AD, MetS, and T2DM via causing obesity-
induced neuroinflammation (23) Insulin resistance, both in the 
brain and peripheral tissues, may be caused by obesity and it can 
be linked to long-term feeding with saturated fat diet, which is 
a common habit in MetS and T2DM patients. Feeding of AD 
mice with a high-fat diet has induced impaired memory, and a 
decrease in insulin receptor signaling in hippocampal microves-
sels (60, 61, with the accelerated accumulation of extracellular 
amyloid Aβ (62). Furthermore, even in the IRS2 KO AD mouse 
model, which develops insulin resistance before the develop-
ment of amyloid plaques, feeding with a high-fat diet accelerated 
the formation of Aβ deposits. This effect was reversible, at least 
in the early stages, because when after high-fat diet mice were 
switched to caloric restriction and chow feeding, this change of 
diet reduced Aβ deposition in the AD mouse model (62). 
The current view that tries to explain the mechanism by which 
obesity and lipid metabolism disbalance in MetS could lead to 
neurodegeneration in AD, focuses on neuroinflammation. Like 
in the case of systemic low-grade chronic inflammation that is 
observed in MetS, obesity, and T2DM, similar or identical fac-
tors (hyperinsulinemia, atherogenic adipokines, high concentra-
tion of free fatty acids and LDL-cholesterol) can contribute to 
changes in CNS physiology. It is well-known that adipocytes act 
as endocrine cells and in conditions of hypertrophy they secrete 
a variety of proinflammatory cytokines and adipokines. Most 
of all, they produce proinflammatory cytokines IL-1, IL-6, and 
tumor necrosis factor a (TNF-a), in an orchestra with other resi-
dent cells (mostly macrophages) in adipose tissue (51, 63). These 
cytokines activate vascular endothelium inducing the expression 
of adhesion molecules and stimulating the transmigration of 
immune cells in the tissues. Proinflammatory cytokines activate 
microglia in CNS and induce increased permeability of BBB., 
especially at sites of circumventricular organs (area postrema, ar-
cuate nucleus, and subfornical organ). Activation of microglia is 
followed by induction of transcriptional factor NF-kappaB and 
further release of IL-1, IL-6 and other inflammatory cytokines 
(51, 52), which has the strong proinflammatory effect, so the 
inflammation amplifies on the systemic and local, CNS level (51, 
53, 64, 53). Chronic low-grade inflammation in the hippocam-

pus, hypothalamus, and other brain areas important for memory 
and cognitive functions can further act by causing increased 
production of amyloid beta, reactive oxygen species, and other 
reactive mediators of cellular stress. Despite this established view 
of how systemic and local inflammation can cause neurodegener-
ation in AD, attempts to treat AD by targeting inflammation or 
by immunosuppression were not successful (65, 66). Interesting-
ly, Schwartz’s team made an observation that migration of blood-
borne myeloid cells into CNS had a neuroprotective effect, and it 
led to a new, different approach in the treatment of experimental 
AD by boosting the immune system with reduction of regulatory 
T-cells or administration of checkpoint inhibitors (monoclonal 
antibodies targeting inhibitory immune cell receptors PD-1L 
or PD-1) in two mouse models of AD in an advanced stage of 
disease, and these therapies reduced the Aβ plaques in the brain 
(65). The mechanism behind this was not elucidated, but boost-
ing of the immune system can be responsible for better stimula-
tion of recovery in CNS areas affected by AD plaques, and it 
seems that here microglia can have an essential role. Microglia, 
as the main innate immune cells in CNS, can behave differently 
in various conditions, very similar to macrophages in peripheral 
tissues (67) In AD, the inflammatory activity of microglia is 
dominant over microglial-mediated clearance and neuroprotec-
tive effect, which becomes compromised.
Regarding the role of MetS and obesity in cognitive decline in AD, 
an imbalance of adipokines is an additional factor that can contrib-
ute to neurodegeneration. Elevated plasma levels of leptin together 
with leptin resistance were noticed in T2DM, MetS, and obesity 
In the last several years, investigations on AD pathogenesis fo-
cused much more attention on the role of disturbed metabolism 
of cholesterol and other lipids in CNS. As mentioned above in 
the Introduction section, the main known genetic risk in patients 
with late-onset AD is the presence of the APOE4 gene, which 
is highly involved in the control of lipid metabolism, especially 
cholesterol and triglycerides, because it codes carrier protein 
important for lipid transport. In knock-out mice for APOE4, 
amyloid plaques fail to form (13). This gene is also a well-known 
genetic risk factor for cardiovascular disease, and metabolic 
syndrome, and it is linked with decreased lifespan (13), which 
indicates that some common mechanisms could be involved in 
the pathogenesis of all three conditions, but the precise role of 
APOE4 is still unclear on the cellular level. A recent study by 
Sienski et al. has shown disrupted cellular lipid homeostasis in 
APOE4-expressing human induced pluripotent stem cell (iPSC)-
derived astrocytes and in yeast expressing human APOE4, with 
intracellular lipid accumulation. Among individuals with AD, 
10% higher levels of plasma cholesterol concentration were 
detected in comparison with healthy controls (68, 69). Therapy 
with statins, which decrease plasma LDL-cholesterol levels and 
lower cardiovascular risk, was reported to possibly lower the risk 
of AD and this protective effect was dependent on statin type, 
sex, and ethnicity (70). A pathomorphological explanation for 
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the involvement of cholesterol in the formation of AD amyloid 
deposits is still under investigation, but it was demonstrated that 
lipid membranes containing cholesterol promote aggregation of 
amyloid Aβ42 isoform, with increased cooperativity in the inter-
action of multiple cholesterol molecules with Aβ42 (12). Brain 
cholesterol turnover is different from that in the peripheral com-
partment because the entry of cholesterol from peripheral plasma 
is prevented due to BBB, so the cholesterol is mostly synthesized 
de novo in astrocytes and neurons. Normal cholesterol metabo-
lism in the brain is important for essential neurophysiologic 
processes, including memory and synaptic plasticity. Normally, 
the enzyme hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) 
reductase determines the rate-limiting step in the synthesis of 
cholesterol, while cytochrome P450 46A1 (CYP46A1) controls 
the clearance of cholesterol from the CNS and mediates its 
conversion into 24-hydroxycholesterol. More than 90% serum 
24-hydroxycholesterol has an origin from the brain, as 24-hy-
droxycholesterol can easily pass BBB, and enter into the systemic 
circulation, from where it can be metabolized. Polymorphism of 
CYP46A1 was linked to AD (71) When CYP46A1 function is 
deficient, as in CYP46A1- knockout mice, clearance of choles-
terol is impaired in CNS, so cholesterol-esters are accumulated 
in the brain which was connected with the formation of amyloid 
Abeta prom amyloid precursor protein (APP) (12, 72) 
In a search for good biochemical markers for screening, early de-
tection, and following the disease course in AD patients, members 
of lipid metabolism are possible candidates, although most of 
them, including total plasma cholesterol, LDL-cholesterol, and 
serum triglyceride levels, are not specific for AD. Having in mind 
that all of these markers are valuable also for the estimation of car-
diovascular risk, metabolic syndrome, and T2D, their determina-
tion is useful for detecting the overall risk for early death in an in-
dividual. Lower levels of serum 24-hydroxicholesterol and elevated 
levels of CSF 24-hydroxicholesterol and other oxycholesterols may 
be a marker for both mild cognitive impairment and AD (73, 74). 
Recently, an imaging experimental method with great potential 
for the detection of cholesterol metabolism in the living brain was 
developed, as a variant of PET with the utilization of CYP46A1-
targeted positron emission tomography (PET) tracer (75)

Arterial hypertension as a part of metabolic 
syndrome and its role in alzheimer disease
Although arterial hypertension is a direct and strong risk factor 
for vascular dementia, it is considered an important possible 
risk factor also for all other types of dementia, including AD 
(17). The description of the pathogenesis of arterial hyperten-
sion development in MetS exceeds the aim of this review, but it 
is important to pinpoint some pathophysiological consequences 
of hypertension on cognition and its role in dementia. It is 
clear that hypertension per se can cause damage to brain regions 
important for cognition (23). Pathophysiological mechanisms 
that lead to CNS injury are changes in small vessel autoregula-

tion and cerebral hypoperfusion, endothelial dysfunction, 
neuroinflammation and increased permeability of BBB, 
demyelination and impaired remyelination (23). The study 
was performed in 2016. that used combined neuroimaging 
analysis of more than 7700 brains and multiple biomarker 
analysis indicates that an important early pathological 
event during late-onset AD development is brain vascular 
dysregulation (76). In parallel with disease progression, a 
vicious circle is established, as deposits of amyloid around 
small cerebral vessels may, even more, impair clearance of 
amyloid beta and cause hypoperfusion, which tend to cause 
progression of the disease. (77) The results of different stud-
ies, including a meta-analysis study by Ding et al., suggest 
that taking antihypertensive therapy decreases the risk for 
AD (78, 79)., and beneficial effect could be achieved with 
combination of therapy that targets components of MetS, 
like combination of antihypertensives and statins, according 
to individual patient’s indication. (48, 79)

Conclusion
Components of metabolic syndrome; i-e. hypertension, 
hyperglycemia, obesity, and dyslipidemia together with vas-
cular complications are important factors in the pathogenesis 
of dementia. Both MetS and dementia are complex condi-
tions with multiple factors that participate in their patho-
genesis, and the number of new cases shows an explosion 
in the last several years with a tendency of rising even more. 
Diet and lifestyle could influence the risk for both metabolic 
syndrome and dementia, and studies suggest that a midlife 
history of disorders that affect the vascular system, such as 
hypertension, type 2 diabetes, and obesity, increase the risk 
for dementia including Alzheimer’s disease (AD) (15, 34). It 
is not known whether metabolic syndrome causes dementia 
directly, or changes in CNS caused by mechanisms linked 
with dementia cause hyperglycemia associated with MetS 
and T2DM. Although the precise mechanism explaining the 
relationship between all these conditions remains unsolved, 
there is a fact that all components of MetS, and dementia, 
progressively increase with age and they act one on another 
which may accelerate development of complications and 
leads to early mortality. There is still no effective causative 
therapy for dementia. On the other side, there is the pos-
sibility to influence all components of MetS (hypertension, 
hyperglycemia, obesity, and dyslipidemia), and dementia, 
with adequate prevention and therapy, in a way of changing 
lifestyle habits (diet and better nutrition, less calory intake, 
and more physical activity, less smoking and alcohol), and 
adjusting adequate therapy according to individual’s indica-
tion. Adequate prevention and screening, early diagnosis, 
and adjusted therapy may have beneficial effects in the 
prevention and retard the progression both of metabolic 
syndrome and dementia. 



Review Article

RAD 553. Medical Sciences 60-61 (2022) : 74-83                       www.rad-med.com 80 December 2022   -   Vol 553 = 60-61

References:
1. World Health Organisation. Global Action Plan on the 

Public Health Response to Dementia 2017–2025. WHO; 
Geneva, Switzerland: 2020. https://www.who.int/news-
room/fact-sheets/detail/dementia 

2. McKhann GM, Knopman DS, Chertkow H, Hyman BT, 
Jack CR Jr, Kawas CH, et al. The diagnosis of dementia due 
to Alzheimer’s disease: recommendations from the National 
Institute on Aging-Alzheimer’s Association workgroups on 
diagnostic guidelines for Alzheimer’s disease. Alzheimers De-
ment. 2011; 7(3):263-9. doi: 10.1016/j.jalz.2011.03.005.

3. Shi Y, Holtzman DM. Interplay between innate immunity 
and Alzheimer disease: APOE and TREM2 in the spotlight. 
Nat Rev Immunol. 2018;18(12):759-772. doi: 10.1038/
s41577-018-0051-1.

4. Ramos-Rodriguez JJ, Ortiz-Barajas O, Gamero-Carrasco 
C, de la Rosa PR, Infante-Garcia C, Zopeque-Garcia N, 
et al. Prediabetes-induced vascular alterations exacerbate 
central pathology in APPswe/PS1dE9 mice. Psychoneu-
roendocrinology. 2014; 48:123-35. doi: 10.1016/j.psyn-
euen.2014.06.005.

5. Serrano-Pozo A, Frosch MP, Masliah E, Hyman BT. Neu-
ropathological alterations in Alzheimer disease. Cold Spring 
Harb Perspect Med. 2011; 1(1):a006189. doi: 10.1101/
cshperspect.a006189. 

6. Kubis-Kubiak AM, Rorbach-Dolata A, Piwowar A. Crucial 
players in Alzheimer’s disease and diabetes mellitus: Friends 
or foes? Mech Ageing Dev. 2019; 181:7-21. doi: 10.1016/j.
mad.2019.03.008.

7. Uddin MS, Hasana S, Hossain MF, Islam MS, Behl T, Per-
veen A, et al. Molecular Genetics of Early- and Late-Onset 
Alzheimer’s Disease. Curr Gene Ther. 2021; 21(1):43-52. 
doi: 10.2174/1566523220666201123112822.

8. Holtzman DM, Morris JC, Goate AM. Alzheimer’s disease: 
the challenge of the second century. Sci Transl Med. 2011; 
3(77):77sr1. doi: 10.1126/scitranslmed.3002369.

9. Pimenova AA, Raj T, Goate AM. Untangling Genetic Risk 
for Alzheimer’s Disease. Biol Psychiatry. 2018; 83(4):300-
310. doi: 10.1016/j.biopsych.2017.05.014. 

10. Migliore L, Coppedè F. Gene-environment interactions in 
Alzheimer disease: the emerging role of epigenetics. Nat Rev 
Neurol. 2022; 18(11):643-660. doi: 10.1038/s41582-022-
00714-w. 

11. Corder EH, Saunders AM, Strittmatter WJ, Schmechel DE, 
Gaskell PC, Small GW, et al. Gene dose of apolipoprotein E 
type 4 allele and the risk of Alzheimer’s disease in late onset 
families. Science. 1993; 261(5123):921-3. doi: 10.1126/sci-
ence.8346443. 

12. Habchi J, Chia S, Galvagnion C, Michaels TCT, Bellaiche 
MMJ, Ruggeri FS, et al. Cholesterol catalyses Aβ42 aggre-
gation through a heterogeneous nucleation pathway in the 

presence of lipid membranes. Nat Chem. 2018; 10(6):673-
683. doi: 10.1038/s41557-018-0031-x.

13. Sienski G, Narayan P, Bonner JM, Kory N, Boland S, Arcze-
wska AA, et al. APOE4 disrupts intracellular lipid homeo-
stasis in human iPSC-derived glia. Sci Transl Med. 2021; 
13(583):eaaz4564. doi: 10.1126/scitranslmed.aaz4564.

14. Yan Y, Wang X, Chaput D, Shin MK, Koh Y, Gan L, et al. 
X-linked ubiquitin-specific peptidase 11 increases tauopathy 
vulnerability in women. Cell. 2022; 185(21):3913-3930.
e19. doi: 10.1016/j.cell.2022.09.002.

15. Kalaria RN, Maestre GE, Arizaga R, Friedland RP, Galasko 
D, Hall K, et al. Alzheimer’s disease and vascular dementia 
in developing countries: prevalence, management, and risk 
factors. Lancet Neurol. 2008; 7(9):812–826. doi: 10.1016/
s1474-4422(08)70169-8.

16. Salminen A., Kauppinen A., Kaarniranta K. Hypoxia/Is-
chemia Activate Processing of Amyloid Precursor Protein: 
Impact of Vascular Dysfunction in the Pathogenesis of Alz-
heimer’s Disease. J. Neurochem. 2017; 140:536–549. doi: 
10.1111/jnc.13932.

17. Nordestgaard LT, Christoffersen M, Frikke-Schmidt R. 
Shared Risk Factors between Dementia and Atherosclerotic 
Cardiovascular Disease. Int J Mol Sci. 2022; 23(17):9777. 
doi: 10.3390/ijms23179777.

18. Reaven G.M. Banting Lecture 1988. Role of insulin 
resistance in human disease. Nutrition. 1997;13: 65. doi: 
10.2337/diabetes.37.12.1595

19. Fahed G, Aoun L, Bou Zerdan M, Allam S, Bou Zerdan M, 
Bouferraa Y, et al. Metabolic Syndrome: Updates on Patho-
physiology and Management in 2021. Int J Mol Sci. 2022; 
23(2):786. doi: 10.3390/ijms23020786.

20. McCracken E, Monaghan M, Sreenivasan S. Pathophysi-
ology of the metabolic syndrome. Clin Dermatol. 2018; 
36(1):14-20. doi: 10.1016/j.clindermatol.2017.09.004.

21. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman 
JI, Donato KA, et al; International Diabetes Federation Task 
Force on Epidemiology and Prevention; Hational Heart, 
Lung, and Blood Institute; American Heart Association; 
World Heart Federation; International Atherosclerosis 
Society; International Association for the Study of Obesity. 
Harmonizing the metabolic syndrome: a joint interim state-
ment of the International Diabetes Federation Task Force 
on Epidemiology and Prevention; National Heart, Lung, 
and Blood Institute; American Heart Association; World 
Heart Federation; International Atherosclerosis Society; and 
International Association for the Study of Obesity. Circula-
tion. 2009;1 20(16):1640-5. doi: 10.1161/CIRCULATIO-
NAHA.109.192644.

22. Pothiwala P, Jain SK, Yaturu S. Metabolic syndrome and 
cancer. Metab Syndr Relat Disord. 2009; 7(4):279-88. doi: 
10.1089/met.2008.0065.



Review Article

RAD 553. Medical Sciences 60-61 (2022) : 74-83                       www.rad-med.com 81 December 2022   -   Vol 553 = 60-61

23. Borshchev YY, Uspensky YP, Galagudza MM. Pathogenetic 
pathways of cognitive dysfunction and dementia in meta-
bolic syndrome. Life Sci. 2019; 237:116932. doi: 10.1016/j.
lfs.2019.116932.

24. Tomic D, Shaw JE, Magliano DJ. The burden and risks 
of emerging complications of diabetes mellitus. Nat Rev 
Endocrinol. 2022; 18(9):525-539. doi: 10.1038/s41574-
022-00690-7.

25. Luchsinger JA, Cheng D, Tang MX, Schupf N, Mayeux R. 
Central obesity in the elderly is related to late-onset Alzhei-
mer disease. Alzheimer Dis Assoc Disord. 2012; 26(2):101–
105. doi: 10.1097/WAD.0b013e318222f0d4

26. Ho RC, Niti M, Yap KB, Kua EH, Ng TP. Metabolic syn-
drome and cognitive decline in chinese older adults: results 
from the singapore longitudinal ageing studies. Am J Geriatr 
Psychiatry. 2008;16(6):519–22. https ://doi.org/10.1097/
JGP.0b013 e3181 6b784 1.

27. Kim YJ, Kim SM, Jeong DH, Lee SK, Ahn ME, Ryu OH. 
Associations between metabolic syndrome and type of 
dementia: analysis based on the National Health Insurance 
Service database of Gangwon province in South Korea. 
Diabetol Metab Syndr. 2021; 13(1):4. doi: 10.1186/s13098-
020-00620-5.

28. Ott A, Stolk RP, Hofman A, van Harskamp F, Grobbee DE, 
Breteler MM. Association of diabetes mellitus and dementia: 
the Rotterdam Study. Diabetologia. 1996; 39(11):1392-7. 
doi: 10.1007/s001250050588. 

29. Ott A, Stolk RP, van Harskamp F, Pols HA, Hofman A, 
Breteler MM. Diabetes mellitus and the risk of dementia: 
The Rotterdam Study. Neurology. 1999; 53(9):1937-42. doi: 
10.1212/wnl.53.9.1937.

30. Hassing LB, Grant MD, Hofer SM, Pedersen NL, Nilsson 
SE, Berg S, McClearn G, Johansson B. Type 2 diabetes mel-
litus contributes to cognitive decline in old age: a longitudi-
nal population-based study. J Int Neuropsychol Soc. 2004; 
10(4):599-607. doi: 10.1017/S1355617704104165. 

31. Irie F, Fitzpatrick AL, Lopez OL, Kuller LH, Peila R, 
Newman AB, et al. Enhanced risk for Alzheimer disease 
in persons with type 2 diabetes and APOE epsilon4: the 
Cardiovascular Health Study Cognition Study. Arch Neurol. 
2008; 65(1):89-93. doi: 10.1001/archneurol.2007.29. 
PMID: 18195144.

32. Ribe EM, Lovestone S. Insulin signalling in Alzheimer’s 
disease and diabetes: from epidemiology to molecular 
links. J Intern Med. 2016; 280(5):430-442. doi: 10.1111/
joim.12534. 

33. Diniz Pereira J, Gomes Fraga V, Morais Santos AL, Carvalho 
MDG, Caramelli P, Braga Gomes K. Alzheimer’s disease and 
type 2 diabetes mellitus: A systematic review of proteomic 
studies. J Neurochem. 2021; 156(6):753-776. doi: 10.1111/
jnc.15166. 

34. Palix C, Felisatti F, Gonneaud J, Kuhn E, Mézenge F, 
Landeau B, et al. Relationships between diabetes-related 
vascular risk factors and neurodegeneration biomark-
ers in healthy aging and Alzheimer’s disease. Neuro-
biol Aging. 2022; 118:25-33. doi: 10.1016/j.neurobio-
laging.2022.06.004. 

35. Luchsinger JA, Tang MX, Shea S, Mayeux R. Hy-
perinsulinemia and risk of Alzheimer disease. Neu-
rology. 2004; 63(7):1187-92. doi: 10.1212/01.
wnl.0000140292.04932.87.

36. Gudala K, Bansal D, Schifano F, Bhansali A. Diabetes mel-
litus and risk of dementia: A meta-analysis of prospective 
observational studies. J Diabetes Invest 2013; 4(6): 640-50.

37. Cherbuin N, Sachdev P, Anstey KJ. Higher normal fasting 
plasma glucose is associated with hippocampal atrophy: 
The PATH Study. Neurology. 2012; 79(10):1019-26. doi: 
10.1212/WNL.0b013e31826846de.

38. Kerti L, Witte AV, Winkler A, Grittner U, Rujescu D, 
Flöel A. Higher glucose levels associated with lower 
memory and reduced hippocampal microstructure. 
Neurology 2013; 81(20) 1746-52; DOI: 10.1212/01.
wnl.0000435561.00234.ee

39. Moheet A, Mangia S, Seaquist ER. Impact of diabetes on 
cognitive function and brain structure. Ann N Y Acad Sci. 
2015; 1353:60-71. doi: 10.1111/nyas.12807.

40. Rorbach-Dolata A, Piwowar A. Neurometabolic Evidence 
Supporting the Hypothesis of Increased Incidence of Type 
3 Diabetes Mellitus in the 21st Century. Biomed Res Int. 
2019; 2019:1435276. doi: 10.1155/2019/1435276

41. Nguyen TT, Ta QTH, Nguyen TKO, Nguyen TTD, 
Giau VV. Type 3 Diabetes and Its Role Implications in 
Alzheimer’s Disease. Int J Mol Sci. 2020; 21(9):3165. doi: 
10.3390/ijms21093165.

42. Arnold SE, Arvanitakis Z, Macauley-Rambach SL, Koenig 
AM, Wang HY, Ahima RS, et al. Brain insulin resistance 
in type 2 diabetes and Alzheimer disease: concepts and 
conundrums. Nat Rev Neurol. 2018; 14(3):168-181. doi: 
10.1038/nrneurol.2017.185.

43. Gray SM, Barrett EJ. Insulin transport into the brain. Am 
J Physiol Cell Physiol. 2018; 315(2):C125-C136. doi: 
10.1152/ajpcell.00240.2017.

44. Hopkins DF, Williams G. Insulin receptors are widely dis-
tributed in human brain and bind human and porcine insu-
lin with equal affinity. Diabet Med. 1997; 14(12):1044-50. 
doi: 10.1002/(SICI)1096-9136(199712)14:12<1044::AID-
DIA508>3.0.CO;2-F.

45. Pomytkin I, Costa-Nunes JP, Kasatkin V, Veniaminova 
E, Demchenko A, Lyundup A, et al. Insulin receptor in 
the brain: Mechanisms of activation and the role in the 
CNS pathology and treatment. CNS Neurosci Ther. 2018; 
24(9):763-774. doi: 10.1111/cns.12866.



Review Article

RAD 553. Medical Sciences 60-61 (2022) : 74-83                       www.rad-med.com 82 December 2022   -   Vol 553 = 60-61

46. Milstein JL, Ferris HA. The brain as an insulin-sensitive 
metabolic organ. Mol Metab. 2021; 52:101234. doi: 
10.1016/j.molmet.2021.101234.

47. Steen E, Terry BM, Rivera EJ, Cannon JL, Neely TR, Ta-
vares R,et al. Impaired insulin and insulin-like growth factor 
expression and signaling mechanisms in Alzheimer’s disease-
-is this type 3 diabetes? J Alzheimers Dis. 2005; 7(1):63-80. 
doi: 10.3233/jad-2005-7107. 

48. Ruegsegger GN, Vanderboom PM, Dasari S, Klaus KA, 
Kabiraj P, McCarthy CB, et al. Exercise and metformin 
counteract altered mitochondrial function in the insulin-
resistant brain. JCI Insight 2019; 4(18) e130681. https://
doi.org/10.1172/jci.insight.13068.

49. Schubert M, Gautam D, Surjo D, Ueki K, Baudler S, 
Schubert D, et al. Role for neuronal insulin resistance in 
neurodegenerative diseases. Proc Natl Acad Sci U S A. 2004; 
101(9):3100-5. doi: 10.1073/pnas.0308724101.

50. Carro E, Trejo JL, Gomez-Isla T, LeRoith D, Torres-Ale-
man I. Serum insulin-like growth factor I regulates brain 
amyloid-beta levels. Nat Med. 2002 Dec;8(12):1390-7. doi: 
10.1038/nm1202-793. 

51. Šimić G, Španić E, Langer Horvat L, Hof PR. Blood-brain 
barrier and innate immunity in the pathogenesis of Alzhei-
mer’s disease. Prog Mol Biol Transl Sci. 2019; 168:99-145. 
doi: 10.1016/bs.pmbts.2019.06.003.

52. Culjak M, Perkovic MN, Uzun S, Strac DS, Erjavec GN, 
Leko MB, et al. The Association between TNF-alpha, IL-1 
alpha and IL-10 with Alzheimer›s Disease. Curr Alzheimer 
Res. 2020;17(11):972-984. doi: 10.2174/15672050176662
01130092427.

53. Španić E, Langer Horvat L, Ilić K, Hof PR, Šimić G. 
NLRP1 Inflammasome Activation in the Hippocam-
pal Formation in Alzheimer’s Disease: Correlation with 
Neuropathological Changes and Unbiasedly Estimated 
Neuronal Loss. Cells. 2022; 11(14):2223. doi: 10.3390/
cells11142223.

54. Jin Y, Zhao H, Hou Y, Song G. The effects of dipeptidyl 
peptidase-4 inhibitors and glucagon-like peptide 1 receptor 
agonists on cognitive functions in adults with type 2 dia-
betes mellitus: a systematic review and meta-analysis. Acta 
Diabetol. 2020; 57(10):1129-1144. doi: 10.1007/s00592-
020-01529-1.

55. Tseng CH. Vildagliptin Has a Neutral Association with 
Dementia Risk in Type 2 Diabetes Patients. Front En-
docrinol (Lausanne). 2021; 12:637392. doi: 10.3389/
fendo.2021.637392.

56. Lee CM, Woodward M, Batty GD, Beiser AS, Bell S, Berr 
C, et al. Association of anthropometry and weight change 
with risk of dementia and its major subtypes: A meta-
analysis consisting 2.8 million adults with 57 294 cases of 
dementia. Obes Rev. 2020 Apr;21(4):e12989. doi: 10.1111/
obr.12989.

57. Albanese E, Launer LJ, Egger M, Prince MJ, Giannakopou-
los P, Wolters FJ, Egan K. Body mass index in midlife and 
dementia: Systematic review and meta-regression analysis of 
589,649 men and women followed in longitudinal stud-
ies. Alzheimers Dement (Amst). 2017; 8:165-178. doi: 
10.1016/j.dadm.2017.05.007.

58. Li X, Tian Y, Yang YX, Ma YH, Shen XN, Chen SD, et al. 
Life Course Adiposity and Alzheimer›s Disease: A Mendelian 
Randomization Study. J Alzheimers Dis. 2021; 82(2):503-
512. doi: 10.3233/JAD-210345.

59. Yau PL, Castro MG, Tagani A, Tsui WH, Convit A. Obesity 
and metabolic syndrome and functional and structural brain 
impairments in adolescence. Pediatrics. 2012; 130(4): e856-
64. doi: 10.1542/peds.2012-0324.

60. Watson LS, Stone TD, Williams D, Williams AS, Sims-
Robinson C. High-Fat Diet Impairs Tactile Discrimination 
Memory in the Mouse. Behav Brain Res. 2020; 382:112454. 
doi: 10.1016/j.bbr.2019.112454. 

61. Watson LS, Wilken-Resman B, Williams A, DiLucia 
S, Sanchez G, McLeod TL, et al. Hyperinsulinemia 
alters insulin receptor presentation and internaliza-
tion in brain microvascular endothelial cells. Diab Vasc 
Dis Res. 2022;19(4):14791641221118626. doi: 
10.1177/14791641221118626.

62. Wakabayashi T, Yamaguchi K, Matsui K, Sano T, Kubota T, 
Hashimoto T, et al. Differential effects of diet- and genetical-
ly-induced brain insulin resistance on amyloid pathology in 
a mouse model of Alzheimer›s disease. Mol Neurodegener. 
2019; 14(1):15. doi: 10.1186/s13024-019-0315-7.

63. Gemma C, Bickford PC. Interleukin-1beta and caspase-1: 
players in the regulation of age-related cognitive dysfunc-
tion. Rev Neurosci. 2007; 18(2):137-48. doi: 10.1515/
revneuro.2007.18.2.137.

64. Babić Leko M, Nikolac Perković M, Klepac N, Štrac 
DŠ, Borovečki F, Pivac N, et al. IL-1β, IL-6, IL-10, and 
TNFα Single Nucleotide Polymorphisms in Human 
Influence the Susceptibility to Alzheimer›s Disease Pa-
thology. J Alzheimers Dis. 2020; 75(3):1029-1047. doi: 
10.3233/JAD-200056.

65. Baruch K, Deczkowska A, Rosenzweig N, Tsitsou-Kampeli 
A, Sharif AM, Matcovitch-Natan O, et al. PD-1 immune 
checkpoint blockade reduces pathology and improves 
memory in mouse models of Alzheimer›s disease. Nat Med. 
2016; 22(2):135-7. doi: 10.1038/nm.4022.

66. Svob Strac D, Konjevod M, Sagud M, Nikolac Perko-
vic M, Nedic Erjavec G, Vuic B, et al. Personalizing the 
Care and Treatment of Alzheimer›s Disease: An Overview. 
Pharmgenomics Pers Med. 2021; 14:631-653. doi: 10.2147/
PGPM.S284615.

67. Sarlus H, Heneka MT. Microglia in Alzheimer›s disease. 
J Clin Invest. 2017; 127(9):3240-3249. doi: 10.1172/
JCI90606.



Review Article

RAD 553. Medical Sciences 60-61 (2022) : 74-83                       www.rad-med.com 83 December 2022   -   Vol 553 = 60-61

68. Popp J, Meichsner S, Kölsch H, Lewczuk P, Maier W, 
Kornhuber J, et al. Cerebral and extracerebral cholesterol 
metabolism and CSF markers of Alzheimer›s disease. 
Biochem Pharmacol. 2013; 86(1):37-42. doi: 10.1016/j.
bcp.2012.12.007.

69. Banerjee S, Mukherjee S. Cholesterol: A Key in the Patho-
genesis of Alzheimer›s Disease. ChemMedChem. 2018 6; 
13(17):1742-1743. doi: 10.1002/cmdc.201800452.

70. Zissimopoulos JM, Barthold D, Brinton RD, Joyce G. Sex 
and Race Differences in the Association Between Statin Use 
and the Incidence of Alzheimer Disease. JAMA Neurol. 
2017; 74(2):225-232. doi: 10.1001/jamaneurol.2016.3783.

71. Kölsch H, Lütjohann D, Ludwig M, Schulte A, Ptok U, 
Jessen F, et al. Polymorphism in the cholesterol 24S-hydrox-
ylase gene is associated with Alzheimer›s disease. Mol Psy-
chiatry. 2002; 7(8):899-902. doi: 10.1038/sj.mp.4001109.

72. van der Kant R, Langness VF, Herrera CM, Williams DA, 
Fong LK, Leestemaker Y, et al. Cholesterol Metabolism Is 
a Druggable Axis that Independently Regulates Tau and 
Amyloid-β in iPSC-Derived Alzheimer›s Disease Neurons. 
Cell Stem Cell. 2019; 24(3):363-375.e9. doi: 10.1016/j.
stem.2018.12.013.

73. Roy D, Chakrabarti SS, Banerjee A, Sharma P, Biswas A, 
Chakrabarti S. Serum 24-hydroxycholesterol in probable 
Alzheimer›s dementia: Reexploring the significance of a ten-
tative Alzheimer›s disease biomarker. Aging Med (Milton). 
2019; 2(2):74-81. doi: 10.1002/agm2.12068.

74. Wang HL, Wang YY, Liu XG, Kuo SH, Liu N, Song QY, et 
al. Cholesterol, 24-Hydroxycholesterol, and 27-Hydroxy-
cholesterol as Surrogate Biomarkers in Cerebrospinal Fluid 
in Mild Cognitive Impairment and Alzheimer›s Disease: A 
Meta-Analysis. J Alzheimers Dis. 2016; 51(1):45-55. doi: 
10.3233/JAD-150734.

75. Haider A, Zhao C, Wang L, Xiao Z, Rong J, Xia X, et al. 
Assessment of cholesterol homeostasis in the living hu-
man brain. Sci Transl Med. 2022; 14(665):eadc9967. doi: 
10.1126/scitranslmed.adc9967.

76. Iturria-Medina Y, Sotero RC, Toussaint PJ, Mateos-Pérez 
JM, Evans AC; Alzheimer’s Disease Neuroimaging Initiative. 
Early role of vascular dysregulation on late-onset Alzheimer›s 

disease based on multifactorial data-driven analysis. Nat 
Commun. 2016; 7:11934. doi: 10.1038/ncomms11934.

77. Fisher RA, Miners JS, Love S. Pathological changes within 
the cerebral vasculature in Alzheimer›s disease: New perspec-
tives. Brain Pathol. 2022; 32(6):e13061. doi: 10.1111/
bpa.13061.

78. Ding J, Davis-Plourde KL, Sedaghat S, Tully PJ, Wang W, 
Phillips C, et al. Antihypertensive medications and risk for 
incident dementia and Alzheimer›s disease: a meta-analysis 
of individual participant data from prospective cohort stud-
ies. Lancet Neurol. 2020; 19(1):61-70. doi: 10.1016/S1474-
4422(19)30393-X. 

79. Barthold D, Joyce G, Diaz Brinton R, Wharton W, Kehoe 
PG, Zissimopoulos J. Association of combination statin 
and antihypertensive therapy with reduced Alzheimer›s 
disease and related dementia risk. PLoS One. 2020; 
15(3):e0229541. doi: 10.1371/journal.pone.0229541.

Abbreviations:
AD – dementia of the Alzheimer type
BBB – blood-brain barrier
CNS – central nervous system
CYP46A1 - cytochrome P450 46A1
DM – diabetes mellitus
DPP-4 – dipeptidyl-dipeptidase 4
GIP – glucose- dependent insulinotropic polypeptide 
GLP-1 – glucagon-like peptide 1
GLUT – glucose transporter
GWAS – genome-wide association study
HDL – high-density lipoprotein
IGF-1 – insulin-like growth factor 1
IL – interleukin
IR – insulin receptor
KO - knockout
LDL – low-density lipoprotein
MetS – metabolic syndrome
MMSE test – mini-mental state examination test
T2DM – type 2 diabetes mellitus
TNF-alpha – tumor-necrosis factor alpha
VD – vascular dementia



Review Article

RAD 553. Medical Sciences 60-61 (2022) : 84-99                       www.rad-med.com 84 December 2022   -   Vol 553 = 60-61

Abstract:
The 13th International BMP Conference was held in October 2022 in Dubrovnik. The conference 
was attended by more than 240 participants from North America, Europe, Asia, and Australia who 
got an insight into the latest achievements in basic, translational, and clinical research of BMP mol-
ecules through 75 lectures categorized into several scientific sections. This review paper provides the 
most important novel findings on the structure, function, and signaling of BMPs, the role of BMPs 
in patterning and organoids as well as the role of BMP in metabolism. Moreover, we discussed 
the role of BMPs in various diseases including cancer pathogenesis, pulmonary arterial hyperten-
sion, and fibrodysplasia ossificans progressiva (FOP). Finally, we provided an overview of the new 
BMP-based therapies in regenerative medicine that are currently in different stages of preclinical and 
clinical trials.  

Keywords: Bone Morphogenetic Proteins, TGFβ, Regenerative medicine, 13th International BMP 
Conference

Sažetak:
Nova dostignuća u području koštanih morfogenetskih proteina: 13. međunarodna BMP 
konferencija, Dubrovnik 2022
13. međunarodna BMP konferencija održana je u listopadu 2022. godine u Dubrovniku. Na kon-
ferenciji je sudjelovalo više od 240 sudionika iz Sjeverne Amerike, Europe, Azije i Australije koji su 
kroz 75 predavanja u različitim znanstvenim sekcijama dobili uvid u najnovija dostignuća u bazič-
nim, translacijskim i kliničkim istraživanjima BMP molekula. U ovom radu smo prikazali najvažnije 
nove spoznaje o strukturi, funkciji i signalizaciji BMP molekula, njihovoj ulozi u razvoju te meta-
bolizmu. Također, raspravili smo ulogu BMP molekula u patogenezi različitih bolesti uključujući 
karcinome, plućnu hipertenziju i progresivnu osificirajuću fibrodisplaziju. Konačno, u radu smo dali 
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Introduction 
Bone possesses a unique potential for repair and regeneration. 
The biological basis of this phenomenom was discovered in 
1965 when Marshall R. Urist published that demineralized 
bone matrix when implanted under the skin in rodents induces 
heterotopic bone formation and proposed the term „Bone Mor-
phogenetic Proteins“ (BMP) for this unique bone property (1, 
2). BMPs have been subsequently purified by A. Hari Reddi and 
others to be cloned  by John Wozney and colleagues (3). Moreo-
ver, in the past decades the biology of BMPs have been extensive-
ly studied and their role in the development and morphogenesis, 
metabolism, bone repair as well as their structure and intracell-
ullar signalling have been elucidated. Today the BMP field ranges 
from basic research to translational and clinical studies with 
ultimate goal to bring BMP-based therapies to patients. 
Following the inaugural International BMP Conference or-
ganized by A. Hari Reddi in Baltimore in 1994, International 
BMP Conferences have been organized periodically in different 
international venues (USA, Japan, Croatia, Belgium, Germany) 
and became the main platform for exchange of knowledge and 
presentation of key discoveries. Moreover, to allow exchange of 
knowledge and keep the BMP community together during the 
COVID-19 pandemic the online BMP forum was established 
in 2020 by Petra Knaus and An Zwijsen. In the October 2022, 
13th International BMP Conference was held in Dubrovnik, 
bringing this renowned event for the second time to Croatia 
(Figure 1). The Conference programm covered all areas in the 
BMP field with participations of world-leading experts in the 
BMP field who delivered keynote lectures as well as young 
scientists who were provided an opportunity to share and discuss 
their results (Figure 2). In the following sections we provide the 
state-of-the-art in the BMP field as presented at the Conference 
by 75 renowned BMP experts some of whom were awarded for 
their contribution to the BMP field from basic research to clini-
cal applications (Table 1, Figures 3-4).  

pregled novih terapija temeljenih na BMP molekulama u regenerativnoj medicini koje se trenutno 
nalaze u različitim fazama razvoja i kliničkih testiranja. 
Ključne riječi: Koštani morfogenetski proteini, TGFβ, Regenerativna medicina, 13. međuna-
rodna BMP konferencija
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BMP from Structure to Function 
The Bone Morphogenetic Proteins (BMPs) are the largest sub-
group of the Transforming Growth Factor β (TGF-β) family of 
extracellular signaling proteins. All BMPs, like other TGFβ fam-
ily members, are initially produced as a single chain containing 
a larger N-terminal prodomain and a smaller C-terminal mature 
signaling domain (4). BMP ligands undergo multiple processing 
and posttranslational modifications before forming homodimers 
of two identical subunits via an intermolecular disulfide bond 
through a cysteine knot (5). BMPs regulate embryonic pat-
terning, the closely related Growth and Differentiation Factors 
(GDFs) regulate cartilage and skeletal development, while the 
Activins (Acts) and Inhibins (Inhs) regulate the release of pitui-
tary hormones and others (6). Important differences exist among 
BMPs with regard to pathway mechanics and effects on cellular 
behavior. It has been shown that morphogen gradients specify 
cell fates during development with a classic example being the 
BMP gradient’s conserved role in embryonic dorsal-ventral axis 
patterning (7). In addition, by comparing burst kinetics in cells 
receiving different levels of BMP signaling recent studies showed 
that BMP signaling controls burst frequency by regulating the 
promoter activation rate (8). 
Activins are multifunctional secreted proteins that play critical 
roles in growth, differentiation and homeostasis in a wide variety 
of cell types. The activins bind to and signal through three type I 
receptors: ALK4, ALK5, and ALK7 (4). Anti-Müllerian Hor-
mone (AMH) is a glycoprotein hormone which shares structural 
and mechanistic homology with signaling proteins of the TGFβ 
family. Recent advancements in the field have provided valuable 
insight into the molecular mechanisms of AMH signaling (9).

BMP Receptors, Co-receptors and Pro-domains 
The TGF-β superfamily of growth and differentiation factors 
plays diverse role in embryonic development and adult tissue 
homeostasis. Moreover, it leads to a range of human diseases 
when misregulated (10, 11). In addition, dysregulation of TGFβ 
response and its downstream signaling pathways contribute to 
cancer initiation, progression and metastasis (12). The members 
of the TGFβ family signal through heteromeric complexes of 
type I and type II receptors which than activate members of 

Figure 2. Participants from world leading universities and pharmaceutical companies of the 13th International BMP Conference held in Dubrovnik.

Figure 3. (A) Carl-Henrik Heldin presented the EMBO Keynote lecture “TGF-β 
signaling and promotion of tumor progression”. (B) A. Hari Reddi introduced the 

Peter ten Dijke’s “Marshall R. Urist” lecture on “TGF-β family receptor signaling and 
disease”, and (C) Eileen Shore’s “Charles Huggins” lecture on “Heterotopic ossification, 

tissue identity, and the BMP signaling pathway”. (D-E) A. Hari Reddi and Rick 
Derynk awarded young scientists for their contributions to the BMP related scientific 
research who presented their results in “New Voices in BMP Research” sections: (D) 

Tim Herpelinck, (E) Gonzalo Sanchez-Duffhues, (F) Nikola Štoković and (G) 
Johanna Bolander. (H) Round table “Transitional medicine and clinical study testing 
of novel drugs for rare diseases”chaired by Frank Luyten (KU Leuven, Belgium) and 

Hermann Oppermann (Genera Research, Zagreb, Croatia) with speakers Radan 
Spaventi and Katarina Oreskovic (Triadelta Partners ltd., Zagreb, Croatia), Susan 
Rhee (Regeneron, Tarrytown, US) and Jenn Lachey (Keros Therapeutics, Lexington, 

US). (I) Susan Rhee presented the lecture “Challenges in FOP clinical trials”.
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Figure 4. (A) The award of the Conference  Scientific Committee to A. Hari Reddi 
for the establishment and contribution to BMP conferences was presented by Dora 

Adanić (Genera Research, Zagreb, Croatia). (B) A. Hari Reddi recognized Slobodan 
Vukicevic’s contribution in organizing the BMP conference in Dubrovnik. (C) Petra 

Knaus and An Zwijsen founded the outstanding “BMP forum” as a primary platform 
for spreading novel developments in the BMP field which was highly appreciated 

in the opening ceremony. (D) A. Hari Reddi closed the conference and thanked the 
organizers and participants of the conference for their outstanding presentations and 
discussions. (E) Mihaela Peric lectured on “Translational aspects of rhBMP6-based 

drug development”, and as a member of the committee for poster evaluation awarded 
(F) Martina Rossi for the best poster. (G) Members of the Laboratory for mineralized 
tissues and colaborators (From left to right: Mihaela Peric, Tatjana Bordukalo-Niksic, 
Vera Kufner, Ivona Matic Jelic, Nikola Stokovic, Natalia Ivanjko, Marina Milesevic, 

Viktorija Rumenovic, Valentina Blazevic, Ivancica Bastalic, Igor Erjavec, Lucija 
Rogina) with Slobodan Vukicevic and A. Hari Reddi.

the SMAD family of signal transducers (10). Combinatorial 
interactions in the heteromeric receptor and SMAD complexes, 
receptor-interacting and SMAD-interacting proteins and also 
cooperation with sequence-specific transcription factors allow 
versatility and diversification of TGFβ family responses (13). 
The BMP receptors type I (BMPR1a, BMPR1b, ALK2) and the 
BMP receptor type II (BMPRII, ActRII and ActRIIB) (14) form 
homomeric and heteromeric complexes that exist in distinct 
membrane areas and are differently modulated by their ligands. 
Repulsive Guidance Molecules (RGMs) are known as key players 
in many fundamental processes such as cell migration, differen-
tiation, iron homeostasis, apoptosis, as well as development and 
homeostasis of many tissues and organs (15, 16). On the other 
hand, three RGMs (RGMa, RGMb/DRAGON, and RGMc/
hemojuvelin) have been linked to the pathogenesis of various 
disorders ranging from multiple sclerosis (MS) to cancer and 
juvenile hemochromatosis (JHH). RGMs are crucial activators of 
BMP signaling and bind to BMP ligands with high affinity (17, 
18). Crystal structures of all human RGMs in complex with the 
BMP ligand BMP2 revealed a common mode of binding and 
identified N-RGM as the high-affinity interaction site for BMP 
ligands (19). A comparison between the structures of the RGM–
BMP and BMP–BMP type I receptor ectodomain complexes 
showed that RGM and the BMP type I receptor ectodomain 
of BMP-R1A share the same binding site on the BMP ligand. 
Simultaneous binding of the BMP type I and type II receptors 
to the BMP ligand is an essential requirement for canonical, 
SMAD-dependent downstream signaling (17, 18). 

Crosstalk Between SMAD 2/3 and  
SMAD 1/5/8 Signalling 
SMAD proteins are the major effector molecules in TGF-β 
signaling pathway and the role of TGF-β signaling through 
SMAD2/3 in tumor suppression and cancer progression has been 
studied (11, 20), while the importance of SMAD1/5 signal-
ing is less known. Recently, it was shown that TGF-β-induced 
SMAD1/5 phosphorylation requires members of two classes of 
type I receptor, TGFBR1 and ACVR1, which has a significant 
role in many TGF-β-induced transcriptomes, and TGF-β-
induced EMT with SMAD1/5 signaling is being essential to 

EMBO Keynote Lecture Carl-Henrik Heldin

Marshall R. Urist Lecture Peter ten Dijke

Charles Huggins Lecture Eileen Shore

BMP Scientists Appreciation 
Award

A. Harri Reddi
Petra Knaus
An Zwijsen
Slobodan Vukičević

Young Investigator Award Tim Herpelinck
Gonzalo Sanchez-Duffhues
Nikola Štoković
Johanna Bolander

Best Poster Award Wouter Dheedene
Martina Rossi
Viktorija Rumenović

Table 1. Awarded Laureates at the 13th International BMP Conference
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induce ID1 (21). In addition, in ongoing research in several 
models of breast carcinoma, it has been shown that SMAD1/5 
signaling is dynamically regulated at different steps of tumouri-
genesis hence inhibition of SMAD1/5 signaling pathway may 
represent a possible therapeutic target for the treatment of breast 
cancer (22, 23).
On the other hand, gain-of-function mutations in the cyto-
plasmic domain of type I BMP receptor, ACVR1, are causing 
FOP and Activin A, which normally antagonizes BMP signaling 
mediated through ACVR1, is the obligate physiological factor 
for the formation of heterotopic bone in FOP because FOP-
mutant ACVR1 recognize Activin A as an BMP agonist (24). 
In contrast, wild-type ACVR1 forms non-signaling complexes 
(NSC) with Activin A and ties it down to type II receptors which 
render them inaccessible to BMPs which provides the first direct 
evidence for the role of non-signaling complexes in FOP (25). 
Recent results reveal an additional novel property of FOP-mu-
tant ACVR1 which is activated by ACVR1 antibodies causing 
exacerbated rather than ameliorated heterotrophic ossification 
in mice. Conversely, wild-type ACVR1 is inhibited by ACVR1 
antibodies which indicate that ACVR1 antibodies should not be 
considered as therapeutics for FOP (26).

Genomic Regulation by BMP Signalling 
Structural research into Smad function led to recent advances in 
the structures of SMAD proteins using a multidisciplinary ap-
proach that combines X-Ray, NMR, MD simulations and SAXS 
data (27). In the past years, BMP research mostly focused on re-
vealing intricate patterns of cellular communication led by BMP 
ligands and transcription factors. ZEB2 is a transcription factor 
that co-interprets nuclear BMP-Smad signaling in the BMP 
context, but also acts independent of Smads in differentiation 
and maturation of many different cell types, including those in 
chronic disease and acute injury (28, 29). ZEB2 binds to its own 
promoter and its role in the control of many monogenic devel-
opmental disorders classify this TF as a potential modifier (30). 
BMP signaling plays an important role in autoimmune disease 
induction and progression. Sjögren’s disease (SjD) is a chronic 
autoimmune sialadenitis resulting in salivary gland hypofunc-
tion with dry mouth symptom (31). Salivary gland hypofunction 
was associated with decreased expression of sodium-potassium-
chloride cotransporter-1 (NKCC1) and aquaporin 5 (AQP5) 
(32). Upregulated BMP6 expression was found in SjD patients 
and correlated with low unstimulated saliva flow rate. Further-
more, inhibition of BMP6 signaling, by reduction in SMAD 
1/5/8 phosphorylation, led to recovery of submandibular gland 
function in the mouse model of SjD (33). The SjD development 
mechanism of action that was proposed, includes activation lys-
osome-associated membrane protein 3 (LAMP3) which in turn 
triggers the release of heat shock protein 70 (Hsp70) and BMP6 
overexpression in salvary glands (34). Furthermore, LAMP3, as 
a pivotal molecule in SjD, initiates cell apoptosis and extracel-

lular release of autoantigens leading to the formation of autoan-
tibodies and exacerbation of the Sjögren’s disease (35). While 
bone tissue response to mechanical stimulus is well researched, 
highlighting role BMP signaling in the process, the involvement 
of BMP signaling in vascularization is not sufficiently researched. 
Cardiovascular diseases are among the most prevalent pathologi-
cal conditions in western world (36), and the involvement of 
BMP signaling in the disease formation warrants an in-depth 
research. The crosstalk of TGFβ/BMP signaling with mechano-
biology in endothelium, that is constantly exposed to mechanical 
triggers, such as wall shear stress by blood flow or strain from 
the surrounding cells and tissue is not well understood. Fluid 
shear stress (FSS) in vasculature governs vessel de novo formation 
and remodeling to maintain physiological tissue structure (37). 
Abnormal patterns of FSS have been shown to enhance TGFβ/
BMP signaling, where low FSS was found to enhance TGFβ/
BMP signaling (38). Furthermore, low FSS enhanced endothelial 
SMAD1/5 signaling via the BMP9/ALK1 receptor complex that 
was further enhanced by Endoglin co-receptor. Since increased 
BMP signaling plays a role in endothelial-to-mesenchymal tran-
sition and inflammation, overstimulation of SMAD1/5 signal-
ing can increases the risk of atherosclerosis (39). Additionally, 
low FSS was shown to facilitate the translocation of SMAD2/3 
to the nucleus further enhancing TGFβ/BMP signaling (37). 
To respond to mechanical stimulus the cytoskeleton plays a key 
role in the transduction of forces in endothelial cells. Mechani-
cal forces influence the TGFβ/BMP pathway on multiple levels, 
such as type I and II receptors, intracellular SMADs and global 
cell-architecture and nuclear chromatin re-organization (40). 

Bone: Diseases and Regeneration 
Bone tissue is capable of regeneration and repair upon injury 
or fracture. On the other hand, various bone diseases largely 
increase skeletal fragility by disrupting the balance between 
bone formation and bone resorption. This delicate process is 
governed by osteoblasts (OBs) and osteoclasts (OCLs), which 
interact in diverse ways, as recently reported (41-43). Physical 
interaction between OBs and OCLs happens through cellular 
projections named tunneling nanotubes, which transport cargo 
towards OBs, leading to osteoblastic cell death in vitro (44). In 
a newly developed dual reporter model, OCLs are labeled using 
cathepsin-kCre (Ctsk-Cre) and OBs with osteocalcin-GFP which 
enables distinct observation between various phases of OCL-OB 
interaction. BMPs are important factors in signaling pathways 
during embryonic development in the migration, proliferation 
and differentiation of mesenchymal stem cells (45). Furthermore, 
BMPs are responsible for adult fracture healing by utilizing the 
same processes seen in embryonal bone formation. Their involve-
ment in many aspects of bone development and bone regen-
eration make BMPs, as well as key players in Smad signaling 
pathways, the potential targets for novel therapeutic solutions. 
BMP2 was explored in certain medical indications (46, 47) and 
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its activity was shown to regulate important osteogenic processes 
(48, 49), including skeletal stem cell (SSC) niches. It has been 
recently shown that the loss of BMP2 in the periosteal stem cell 
niche impedes appositional bone formation, leading to spontane-
ous fracture. BMP2 is a primary participant in postnatal skeletal 
homeostasis through its regulation of SSC niches and BMP2 
signaling is required for the differentiation of osteoprogenitor 
cells into the fully functioning osteoblasts (50). On the other 
hand, the role of BMP3 has never been fully elucidated (51-53) 
but recent discoveries presented at the Conference highlighted a 
novel role of BMP3 in enabling chondrocyte differentiation fol-
lowing decreased expression of BMP3 and ALK2.

BMPs in Cancer 
BMPs exhibit dual role in cancer pathogenesis, acting as pro-
tumorigenic or antitumorigenic agents, which depends on the 
cancer type and stage, and additionally influence the genetic or 
epigenetic background of the patient (54-57). It has been shown 
that BMPs have tumor-suppressive role in carcinogenesis by 
inhibiting proliferation of gastric and breast cancer including 
prostate cancer cells, induce differentiation of glioma-initiating 
cells, and inhibit glioblastoma tumor formation (55, 57). BMPs 
also control the self-renewal and fate choices made by stem cells 
in several tissues (55). On the other side, their roles are cor-
related to various aspects of carcinogenesis, such as epithelial-
mesenchymal transition (EMT), angiogenesis, and cancer stem 
cells (54). For example, BMPs enhance the motility and invasive-
ness of various types of cancer cells, such as breast and prostate 
cancer, including malignant melanoma cells (56-59). EMT is 
characteristic for embryonic development and adult pathogenesis 
(fibrosis or cancer) (59-62) and can be induced by TGF-β, BMPs 
and transcription factors, such as Snail (63, 64). EMT induced 
by TGF-β correlates with stemness and invasiveness, while 
mesenchymal-epithelial transition (MET) is induced by TGF-β 
withdrawal and correlates with metastatic colonization (65, 66). 
Additionaly, BMPs inhibit the process of EMT, contributing to 
the malignant progression of cancer at advanced stages (55).
The role of BMPs in cancerogenesis has been widely studied in 
colorectal cancers and brain tumors. In colorectal cancer (CRC), 
BMP signaling is generally viewed as strictly tumor-suppressive 
(67), while more recent studies suggest that they also exhibit 
oncogenic roles contributing to the progression of CRC by 
promoting invasiveness, EMT, and tumor volume (55, 57, 68-
70). For example, role of BMP4 is highly correlated with CRC 
(68), and it has been shown that inhibition of BMP4 induces 
apoptosis of colorectal cancer cells (57) making it a potential 
therapeutic target. Furthermore, Gremlin-1, an important BMP 
antagonist plays a major role in several processes associated with 
cancer development, including proliferation, migration, invasion, 
and EMT (71). High levels of Gremlin-1 are associated with 
CMS4 stromal subtype of CRC and it predicts poor prognosis in 
patients (71). From the perspective of therapeutic use, Gremlin-1 

might be a promising prognostic biomarker and therapeutic 
target in colorectal cancers (71, 72). Brain tumor development 
is regulated by BMP signaling and in most cases BMPs have a 
suppressive role (55). Diffuse intrinsic pontine gliomas (DIPG) 
are a subset of high-grade gliomas (HGG) resulting in a lethal 
childhood brainstem tumor that exhibits a very low survival rates 
(55, 73). DIPG is a result of genetic mutations (K27M) on the 
ACVRI/ALK2 gene locus encoding the serine/threonine kinase 
ALK2 resulting in single amino acid substitution -  lysine to 
methionine (55, 73). Interestingly, these somatic ACVR1 muta-
tions in DIPG are identical to germline mutations found in FOP 
(55, 74, 75). Many DIPG tumors are exploiting Cordin-like-1 
(CHRDL1) capacity to hijack BMP ligands. It has been shown 
that BMP signaling epigenetically regulates CXXC5, a zinc 
finger protein, which turns DIPG tumor cells from “prolonged-
stem-cell-like” state to differentiation, making CXXC5 a tumor 
suppressor and positive regulator of BMP signaling (73). Fur-
thermore, BMPs suppress the tumorigenic function of human 
glioma-initiating cells (GIC) by inducing cell differentiation, 
cell cycle arrest, and apoptosis (74, 76, 77). For example,  several 
studies suggest that BMP4 is expressed in low-grade gliomas 
and gliomas harboring IDH1 mutations, serving as a favorable 
prognostic marker in gliomas (74, 78-80).

Vascular and Cardiovascular BMP Signalling 
The vascular system plays a critical role during embryonic develop-
ment as well as in tissue homeostasis and repair (81-83). Angio-
genesis as the formation of new blood vessels from pre-existing 
ones is a crucial process which occurs primarily during embryonic 
development and is almost absent in adulthood when the endothe-
lium is quiescent. Two members of the BMP family, BMP9 and 
BMP10, have recently emerged as key growth factors for vascular 
quiescence (84-86). Genetic analysis revealed that mutations in 
BMP receptor ALK1 and BMPRII, both expressed on endothelial 
cells, have been directly linked to two rare vascular diseases: heredi-
tary hemorrhagic telangiectasia (HHT), and pulmonary arterial 
hypertension (PAH), respectively (87). Endothelial cells prolif-
eration, migration and tube formation are critical in the process 
of angiogenesis. Ongoing studies on the BMP9/BMP10/ALK1 
impact on vascular quiescence revealed many new differentially 
phosphorylated proteins in response to BMP9 and BMP10 in 
endothelial cells, highlighting new signaling pathways and biologi-
cal processes that enhance understanding of the role of BMP9 and 
BMP10 in vascular homeostasis and diseases.
Hereditary hemorrhagic telangiectasia is an inherited vascular 
disorder caused by mutations in the Endoglin, named HHT1 or 
ACVRL1 gene, named HHT2 leading to pathological angiogenesis 
and the formation of vascular malformations. It has been sug-
gested that HHT mutations may be deleterious predominantly in 
endothelial cells with specific effects on the communication between 
pericytes and endothelial cells leading to vessel instability (88, 89). 
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Whilst mural cells will be recruited to the vessels, impaired TGF-β/
BMP signaling in endothelial cells will result in poor attachment 
of the mural cells to the endothelium leading to defective TGF-β 
activation and subsequently poor mural cell differentiation. Recently 
it has been found that defective TGF-β1 signaling in mural cells is 
responsible for the structural defects of the vessel walls in HHT1 
and that impaired cerebral blood flow could be detected by func-
tional Ultrasound Localization Microscopy opening new insights 
for the identification of ultrasound markers to detect microvascular 
dysfunctions in patients with HHT.
Emerging roles of BMP signaling in vascular biology, especially 
in endothelial cells, have been recently reviewed (90). Endog-
enous BMP9 has been recognized as an important protective 
factor for the pulmonary vascular endothelium that is down-
regulated during inflammation while an exogenous BMP9 offers 
a potential therapy to prevent increased pulmonary endothelial 
permeability in lung injury (91). Paradoxically, BMP9 ligand has 
been proposed as a treatment for pulmonary hypertension and 
vascular remodeling, while inhibition of BMP9/ALK1 signaling 
can also attenuate pulmonary hypertension and vascular remod-
eling under some circumstances which demonstrate the mul-
tifunctional and context-specific nature of endothelial BMP9/
ALK1 signaling.
Another progressive complex disease, pulmonary arterial hyper-
tension is characterized by extensive remodeling of the pulmo-
nary circulation and leads to severe right-sided heart failure and 
death. As recently reviewed (92, 93), TGF-β superfamily signal-
ing has emerged as a central player in the pathogenesis of PAH, 
although, it is still unclear how mutations of molecules involved 
in TGF-β/BMP signaling pathway affect the maintenance of the 
pulmonary vascular integrity. Connections between the TGF-β/
BMP axis, PAH-predisposing gene mutations, disease pathology, 
and clinical manifestations, will increase our understanding of 
the PAH pathogenesis and offer new therapeutic targets.
Although BMPR2 is expressed in various tissues throughout the 
body, multiple studies indicate the pulmonary endothelium as 
the cell type that is most critically impacted by BMPR-II loss in 
PAH (94-96). The silencing of BMPR2 in human pulmonary 
artery endothelial cells (HPAECs) reproduces aberrant prolifera-
tion and impaired translational repression (96, 97). Although the 
molecular basis of these effects has focused primarily on signaling 
via the BMPR-II receptor, the ongoing work shows the potential 
contribution of alternative gene products, such as circular RNAs 
(circRNAs). 
Furthermore, the cooperation of three different vascular systems, 
the systemic, the pulmonary and the lymphatic circulation, each 
of which is lined on the inside by a single layer of endothelial 
cells is essential to keep the body healthy. The role of BMP/
SMAD signaling in lymphatic vessels is poorly known (98). Re-
cent work shows that BMP/SMAD signaling is very regionalized 
within different lymphatic vessels in mice which suggests a role 
in lymphatic endothelium heterogeneity.

Misregulated BMP signaling has been shown to be involved in 
the pathogenesis of skeletal and cardiovascular disorders as well 
as cancer. Despite the recent advances in therapeutic interven-
tions, cardiovascular diseases remain the largest health problem 
worldwide. Depending on the context and the repertoire of 
ligands and receptors involved, TGFβs, BMPs and activins can 
be beneficial or determinantal for cardiovascular function which 
highlight the cell- and context-specific nature of this pathway 
(99). An in vitro model studying PAH-induced cardiac fibrosis 
of the failing right ventricle using iPS-derived cardiac fibroblast 
from BMPR2-PAH patients and healthy donors is in process of 
development. The model shows that fibroblast activation induces 
fibrosis and hampers scar-free regeneration while ex vivo cardiac 
culture system modulating BMP10 signaling dampens the 
fibrotic response. 
The progressive understanding of the mechanisms governing blood 
vessel formation has resulted in attempts to induce the process in 
the ischemic heart through the delivery of recombinant proteins, 
genes, and cells (100). The major issue for most biological drugs is 
their short half-life, particularly when delivered systemically, and 
the lack of an effective way for targeting the heart. Clinical data 
showing increased specific isoform of the bone morphogenetic 
protein 1 (BMP1.3) levels in the plasma of patients with myocar-
dial infarction (MI) suggest that this isoform plays an important 
role in MI since its inhibition by a specific monoclonal antibody 
reduces the cardiac fibrosis (101). Initial studies in cardiac field as 
in many clinical fields suggest that mAbs could be the first biologi-
cal drug to enter the clinical stage because of their long, safe, suc-
cessful application, and the possibility of administration multiple 
times at a precise dose (102).

BMP in Patterning and Organoids 
For embryonic implantation and development BMP signal-
ing is fundamental for proper organ and organism patterning 
(103). TGF-β superfamily members are expressed in the placenta 
and regulate the process of placentation through the activation 
of several signaling pathways (104). Embryo implantation in 
endometrium during early pregnancy is promoted by estrogen 
(E2) that activates signaling pathway networks. TGFβ/BMP 
family signaling in the uterus was shown critical for establishing 
and maintaining pregnancy, while follistatin (FST), autocrine 
glycoprotein, regulates TGFβ family signaling by selective inhibi-
tion by ligand binding. In the absence of uterine FST, expression 
and signaling of activin B are up-regulated, while BMP signaling 
is attenuated (105). BMPs are shown to directly control endo-
metrial receptivity via activin receptor type 2 A (ACVR2A) and 
SMAD1/5 signaling pathway (106, 107). BMP7 is also involved 
in receptivity of the endometrium, regulating blastocyst im-
plantation via the endoglin pathway (108). Upon implantation, 
BMP2 was shown to promote trophoblast cell invasion (109). 
Furthermore, fetal trophoblasts replace maternal arteries by 
forming embryonic endothelium via epithelial-to-mesenchymal 
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transition (EMT) under the influence of SNAIL. TGFβ family 
govern this process by transient induction of SNAIL via ALK2/
ALK5 receptors and SMAD1/5 phosphorylation (110). Progres-
sion of peritoneal endometriosis caused reduction in BMP6 and 
SMAD4 expression in cumulus cells that are important for fol-
liculogenesis and fertility in general (111).
The intestine relies on homeostasis between functionality and 
regenerative capacity, where the TGF-β superfamily of proteins 
plays a pivotal role in regenerative processes in the intestine 
(112).  In order to research intestine in vitro, intestinal organoids 
are formed, as a three-dimensional cultures that resemble key 
aspects of the epithelium of origin (113). The intestinal epithe-
lium undergoes constant cell renewal but is exposed to a vast 
array of stresses ranging from digestion, exposure to bacteria, 
viruses, chemicals and inflammatory stimuli. In the intestine two 
most common epithelial cell types are absorptive enterocytes and 
mucous-secreting goblet cells. The BMP gradient along the villus 
axis is governing states of enterocyte and goblet cells thus regulat-
ing their maturity (114). The intestinal epithelium has a pivotal 
role in both immune initiation and effector stages, when dealing 
with viruses, bacteria, and helminths, in which the processes 
are coordinated by lymphocyte cytokines such as IFNγ, IL-13, 
and IL-22.  During immune response in the gut, BMP pathway, 
which acts in a negative feedback loop on immune type 2-driven 
tuft cell hyperplasia, is induced by IL-13 (115).

BMP in Metabolism 
Iron homeostasis is tightly regulated to provide adequate iron for 
essential biologic processes, but to limit the toxicity of iron excess 
which is associated with several common disorders including 
anemia, beta-thalassemia, and hereditary hemochromatosis (116, 
117). In previous research, the critical role of the BMP-SMAD 
pathway in controlling hepcidin transcription in the liver has 
been revealed (118) and in ongoing research, the main focus is to 
unravel the precise molecular mechanisms of how BMP-SMAD 
signaling coordinates hepcidin production in response to body 
iron levels and the iron demand of erythropoietic cells to main-
tain systemic iron homeostasis, which may ultimately help to 
identify novel molecular targets for the treatment of iron-related 
disorders (117). On the other hand, a new monoclonal anti-
body (REGN7999) inhibits serine-protease TMPRSS6 activity 
and causes a negative regulation of hemojuvelin, a co-receptor 
for BMP and regulator of hepcidin expression, is a potential 
therapeutic option for beta-thalassemia and other iron overload 
disorders. Furthermore, a novel therapeutical approach in cancer 
cachexia treatment is focused on increasing BMP-SMAD signal-
ing in the liver by bypassing the inhibitory effect of erythrofer-
rone (ERFE), a BMP scavenger in the liver, and FKBP12, an 
intracellular inhibitor of BMP receptor (119, 120). 
In addition, BMPs have been shown to affect the pathophysi-
ological process of glucose metabolism (121-123) and in the 
pancreatic β cell line was demonstrated the opposite effect of 

BMP6 and serotonin on insulin secretion from β cells, as well as 
a stimulatory effect of BMP6 on serotonin secretion, which will 
be further explored in ongoing study in the BMP6 knockout 
mouse model. On the other hand, the role of Growth Differ-
entiation Factor 3 (GDF3) in the adult mammalian biology is 
contentious, and in cultured cells it has been shown the dual 
biological roles of GDF3, where GDF3 inhibits signaling activity 
of multiple BMP proteins and at the same time has an expression 
profile similar to TGFβ1 (124).

Heterotopic Ossification and Fibrodysplasia 
Ossificans Progressiva (FOP) 
FOP is a rare genetic disorder characterized by intermittent epi-
sodes of ectopic bone formation in soft connective tissues (125, 
126). Moreover, FOP is accompanied with other skeletal abnor-
malities such as the malformation of the great toe. The cause of 
FOP is a mutation of Activin A receptor type 1 (ACVR1), also 
known as Activin receptor-like kinase 2 (ALK2). ACVR1/ALK2 
is a transmembrane kinase receptor which transduces osteogenic 
signaling following ligand binding (127). FOP arises from mis-
sense mutation of ACVR1/ALK2 by altering Argine 206 to His-
tidine (R206H) (128). This gain of function mutation enables 
activin A to initiate canonical BMP signaling in fibro-adipogenic 
progenitors (128) resulting with abnormal endochondral bone 
formation at extraskeletal sites. Moreover, mutated receptors are 
hypersensitive to BMPs (129).  Although FPO is an extremely 
rare disease it has devastating impact on the patients suffering 
from this disease. Therefore, substantial effort has been put into 
development of therapeutic solutions for FOP. The efficacy of 
potential drugs has been evaluated in preclinical animal models 
using ACVRQ207D-transgenic mouse line and ACVRR206H-knockin 
mouse (126). Saracatinib, a potent ALK2 kinase inhibitor (126) 
and Palovarotene, a retinoic acid receptor gamma agonist (130) 
were identified as potential candidates for treatment of FOP. 
On the other hand, anti-ACVR1 antibodies were excluded due 
to exacerbation of heterotopic ossification (26, 128). However, 
identification of novel therapeutic targets provides hope that 
FOP might be successfully treated by safe and effective drugs. 

BMPs in Regenerative Medicine and Clinical 
Development
Pseudoarthrosis, segmental defects and degenerative diseases 
of the spine are among the most complex clinical condition 
affecting large percent of populations (131). The need for 
therapeutic solution for these conditions have been addressed by 
extensive evaluation of osteoinductive BMPs and their carri-
ers in preclinical trials (132-136). These efforts have eventually 
resulted with introduction of two BMP-based osteoinductive 
devices (containing rhBMP2 and rhBMP7 delivered on collagen 
sponge) to clinical practice in indications such as anterior lumbar 
interbody fusion (ALIF), acute tibial fractures, and maxillofacial 
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reconstructions (137-139). However, these devices have been 
extensively used off-label which resulted in severe side effects 
such as heterotopic ossification, due to large BMP doses used 
(up to 12mg) and rapid BMP release from collagenous carrier 
(139-141). The occurrence of aforementioned side effects raised 
safety concerns and imminent need to develop device efficacious 
at relatively low BMP doses with low and sustained BMP release 
profile.  The following requirements are met with the introduc-
tion of Osteogrow, a novel therapeutic solution comprised of 
rhBMP6 delivered within autologous blood coagulum (142, 
143). To improve the biomechanical properties of Osteogrow 
implants might be supplemented with allograft bone (Osteogrow 
A), host bone (Osteogrow B) and synthetic ceramics (Osteogrow 
C) (144-146). Osteogrow family of products have been proven 
safe and efficacious in rat subcutaneous assay, rabbit segmental 
defect model as well as rabbit and sheep posterolateral spinal 
fusion (PLF) model (144, 145, 147-155). Moreover, Osteogrow 
has been evaluated in the phase 1 study in patients with distal 
radius fractures (156), in phase 2 in patients with high tibial 
osteotomy (157) and in phase 2 in patients treated by posterolat-
eral lumbar interbody fusion for degenerative disc disease. Novel 
drug Osteogrow showed accelerated bone healing with no serious 
side effects and no detectable anti BMP antibodies in the periph-
eral blood (142). Aforementioned findings provide hope that safe 
and efficacious therapeutic solution for bone regeneration will be 
soon available in the clinics. 
Osteoarthritis (OA) is a complex clinical condition character-
ized by penetration of joint surface defects into underlying bone. 
Currently, the gold standard for treatment of patients with OA is 
osteochondral autograft transplantation. However, the long-term 
outcome in these patients is poor and there is an unmet clinical 
need for new therapeutic solutions in these indications (158). 
The role of BMPs in various cartilage explant and in animal 
models have been extensively explored (159, 160) but little 
progress towards clinical testing has been achieved. To address 
this imminent need, recently extensive preclinical studies have 
been conducted and different therapeutic solutions ranging from 
bilayered constructs with a stable cartilage patch on top of sub-
chondral bone forming device to more complex cell based im-
plants have been evaluated (158) with very promising outcome. 
Fibrosis is a pathological process characterized by excessive depo-
sition of extracellular matrix and replacement of parenchyme in 
critical clinical conditions such as chronic kidney disease, liver 
cirrhosis and myocardial infarction. BMP1.3 antibodies have 
been recently proposed as a therapeutic solution for treatment of 
renal, liver and cardiac fibrosis and evaluated in relevant animal 

models (101, 161, 162). Systemic administration of monoclonal 
BMP1.3 antibodies reduced collagen deposition and fibrosis and 
preserved physiological parenchyma suggesting that antibod-
ies targeting BMP1.3 pathway might be therapeutic target in 
patients with aforementioned conditions (101, 161, 162). 
Sotatercept, IIA ligand trap, has been evaluated in patients with 
pulmonary arterial hypertension. KER-012 is an investigational 
modified ActRIIB ligand trap designed to bind and inhibit 
activins to promote bone mass and regulate vascular homeosta-
sis. In preclinical studies, a research form of KER-012 increased 
bone mass in healthy and osteoporotic mice and prevented vas-
cular remodeling and cardiac damage. In clinical study, the safety 
and tolerability of escalating doses of KER-012 administered as 
single and multiple subcutaneous doses is under evaluation in 
Phase 1 in healthy postmenopausal women (163). Moreover, 
anabolic effects on muscle mass of wild-type ActRIIB-Fc and the 
novel ActRII-Fc ligand trap KER-065 has been demonstrated. 
KER-065 was observed to bind negative muscle regulators with 
reduced BMP9 inhibition and had a robust effect on muscle, 
even when compared to ActRIIB-Fc (164). 

Conclusions
Exceptional lectures and findings presented at the 13th Inter-
national BMP Conference summarized in this review proved 
that BMP research is extremely dynamic in both basic and 
translational aspects. We are especially excited about the devel-
opment and clinical evaluation of novel BMP-based therapies 
which might be safe and efficacious therapeutic solutions for a 
broad range of clinical indications and improve the well-being of 
patients worldwide. Therefore, we are looking forward to further 
progress in this field and to the next, 14th International BMP 
Conference that will take place in the United States in 2024. 
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Abstract:
The aim of the study is to present and critically evaluate recent knowledge about the interaction be-
tween oxidative stress and epigenetic mechanisms crucial for the developement  and course of Alzhei-
mer’s disease (AD), and it does not analyse the compound polygenetic AD etIology. While genetics 
investigates direct DNA (deoxyribonucleic  acid) sequence alterations with hereditary  changes of gene 
activities and functions, epigenetics is concerned with methylated changes without any changes in 
DNA sequences. Epigenetics does not deal with mutations, but exclusively with specific phenomena 
as histone acetylation and deacetylation, histone methylation and demethylation, and especially DNA 
cytosine methylation and demethylation. All these epigenetic phenomena are tightly associated with 
specific enzymes. Histone acetylation is induced by enzyme histone acetyltransferase (HAT), and dea-
cetylation by enzyme histone deacetylase (HDAC). Histone methylation is induced by enzyme histone 
methyltransferase (HMT), and demethylation by enzyme histone demethylase (HDM). Especially 
important epigenetic phenomena are DNA  methylation and  demethylation, where the first men-
tioned phenomenon is induced by enzyme DNA cytosine  methyltransferase (Dnmt), and the second 
by the combined effects of ten-eleven translocation (TET) family of dioxygenases and thymine DNA 
glycosylase (TDG). By the epigenetic DNA  methylation mechanism, the Dnmt  enzyme transports 
the methyl group (-CH3)  from the S-adenyl methyonine (SAM) onto the C5 cytosyne position with 
the 5-methylcytosine formation. On the DNA molecule especially accentuated are the so called CpG 
islands, where their methylation leads to the disturbances of transcription factors binding, to the ac-
cumulation of repressive methyl binding proteins and to the silencing gene expression. DNA dem-
ethylation, as it is now viewed, is very complicated and is achieved by the interplay of DNA oxidative 
reactions and repair mechanisms. Recent studies emphasize the imortance of epigenetic mechanisms 
in the developement and  course of AD. This study has the aim to primarily  analyse the  LRP1 gene 
methylation, as one of the crucial factors in AD pathophysiology. LRP1 receptor, dominantly located 
on the abluminal side of endothelial blood-brain barrier cells (BBB), is the major amyloid beta (Aβ) 
cleaner from the brain. According to a number of investigations, Aβ, accumulated and aggregated in 
the brain tissues, is the crucial factor in the onset and course of Alzheimer’s disease, the chronic, severe 
and lethal neurodegenerative disease.

Keywords: epigenetics, DNA  methylation and demethylation,  Alzheimer’s disease, LRP1 recep-
tor, oxidative stress

Interaction between oxidative stress and 
epigenetics decreases the low density 
lipoprotein receptor related protein 1 
(LRP1) expression on the blood-brain 
barrier (BBB) in Alzheimer’s disease

Nikola Barić1

1 Private Family Medicine Practice in Labin, Presika 153, 52220 Labin, Croatia

OPEN ACCESS

Correspondence:
Nikola Barić MD

nikola.baric@pu.t-com.hr 

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: 20 October 2022 
Accepted: 13 December 2022 

Published: 21 December 2022

Citation:
Barić N. Interaction between oxida-

tive stress and epigenetics decreases 
the low density lipoprotein receptor 
related protein 1 (LRP1) expression 
on the blood-brain barrier (BBB) in 

Alzheimer’s disease
RAD CASA - Medical Sciences. 
553=60-61 (2022): 100-114
DOI: 10.21857/yq32ohxwv9

Copyright (C) 2022 Barić N. This is an 
open-access article distributed under 
the terms of the Creative Commons 

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

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

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



Review Article

RAD 553. Medical Sciences 60-61 (2022) : 100-114                  www.rad-med.com 101 December 2022   -   Vol 553 = 60-61

Introduction
Among all types of dementia, Alzheimer’s disease is worldwide 
the most common form, especially found in old age, presently 
with a high and alarming rise of its incidence and prevalence. 
Marked with the progressive and irreversible decline of the 
complete spectrum of patients’ intelectual and physical func-
tions, it sometimes, faster or more slowly, leads to the total decay 
of personality and  complete dependence on  someone else’s care 
and nursing. Actually, it is confirmed that  the accumulation and 
aggregation of amyloid beta (Aβ) peptides in the brain, induce 
the development of complex and progressive neurodegenera-
tion and dementia associated with Alzheimer’s disease (AD). Yet, 
AD has a fairly unknown polygenetic etiology. Its two forms, 
the early form (EOAD, early AD onset, 5% of all cases) which 
develops before the age of 65, and the late form (LOAD, late AD 
onset, 95% of all cases) which develops after the age of 65, pro-
vide practically the same clinical picture. The mutations of gene 
complexes: APP (β-amyloid precursor protein gene, 21q21.3); 
PSEN1 (presenilin-1 protein coding gene, 14q24.2); PSEN2 

Sažetak:
Međudjelovanje oksidativnog stresa i epigenetike smanjuje ekspresiju receptora 
lipoproteina niske gustoće 1 (lrp1) na krvno-moždanoj barijeri (kmb) u alzheimerovoj 
bolesti
Ne ulazeći u analizu složene poligenetske etiologije Alzheimerove bolesti (AD),  ova studija ima za cilj 
prikazati i kritički evaluirati najnovija saznanja o interakciji oksidacionog stresa i epigenetskih mehani-
zama presudnih za razvoj i tijek te kronične, teške i letalne neurodegenerativne bolesti. Dok genetika 
proučava direktne alteracije DNA (deoksribonukleinska kiselina) sekvenci  s nasljednim promjenama 
genske aktivnosti i funkcija, epigenetika se bavi navedenim promjenama bez ikakvih promjena DNA 
sekvenci. Ona ne obrađuje genske mutacije, već isključivo određene pojave tipa histonske acetilacije i 
deacetilacije, histonske metilacije i demetilacije, te posebno DNA citozinske metilacije i demetilacije. 
Sve te navedene pojave tijesno su vezane uz određene enzime. Histonska acetilacija uvjetovana je enzi-
mom histonske acetiltransferaze (HAT), a deacetilacija enzimom histonske deacetilaze (HDAC). Hi-
stonska metilacija je uvjetovana  enzimom histonske metiltransferaze (HMT), a demetilacija enzimom 
histonske demetilaze (HDM). Posebno važan epigenetski događaj je DNA metilacija i demetilacija gdje 
je prvo navedena pojava uvjetovana enzimom DNA citozinske metiltransferaze (Dnmt). Druga pojava 
je uvjetovana kombiniranim učincima “deset-jedanaest translokacijske (TET) obitelji  dioksigenaze i 
timin DNA glikosilaze (TDGs). Epigenetskim mehanizmom DNA metilacije navedeni enzim prenosi 
metilnu grupu (-CH3) sa S-adenil metionina (SAM) na C5 poziciju citozina uz formiranje 5-metilcito-
zina. Tu se ističu posebni segmenti na DNA molekuli, tzv. CpG otoci, gdje njihova metilacija dovodi 
do poremećaja vezivanja transkripcijskih faktora, nakupljanja represivnih metil vezujućih proteina i 
do ušutkivanja genske ekspresije. DNA demetilacija, kako se aktualno smatra, dosta je komplicirana, 
a postiže se međuigrom DNA oksidativnih reakcija i mehanizama obnove. Recentne studije daju sve 
veći značaj epigenetičkim mehanizmima u razvoju i tijeku AD. Ova studija primarno nastoji učiniti 
analizu metilacije LRP1 gena, kao jednog od krucijalnih faktora u patofiziologiji AD. LRP1 receptor, 
dominantno lociran na abluminalnoj strani stanica endotelne krvno moždane barijere (KMB) je glavni 
amiloid beta čistač iz mozga. Prema nizu istraživanja, Aβ, akumuliran i agregiran u moždanim tkivima, 
je presudan čimbenik u nastajanju i tijeku Alzhaimerove bolesti.

Ključne riječi: Epigenetika, DNA metilacija i demetilacija, Alzheimerova bolest, LRP1 receptor, 
oksidativni  stres.

(presenilin-2 protein coding gene, 1q42.13), and BACE1 (β 
secretase-1 protein coding gene, 11q23.3) lead to EOAD, and 
mutations of APOE (apolipoprotein E coding gene, 19q13.32) 
and  ADAM10 (ADAM metallopeptidase Domain 10 protein 
coding gene-regulator of α-secretase activity-gene, 15q21.3) lead 
to LOAD. The analysis of pathophysiological events that  cause 
the rise of intracerebral Aβ concentration, the essential factor in 
the developement and course of AD, indicates the crucial impor-
tance of the decline of the Aβ drainage from the brain as related 
to Aβ increased production1,2,3).

Oxidative stress and its role in Alzheimer’s 
disease pathophysiology
Oxidative stress in the organism of living beings, especially 
elevated in AD, according to a number of researchers is mostly 
induced by the effects of free radicals, among them primarily by 
hydroxyl radical (*OH), the neutral form of the hydroxyl ion 
(-OH). This radical is generated in the brain primarily during the 
aggregation and sedimentation of Aβ monomers at the point of in-
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terrelated contacts of Aβ strands, with the transit of one electron 
(“e- hop) from the sulphur (S) of methionine (MetS35, nonpolar 
essential amino acid) on the β2-strand of the  incoming Aβ2, 
and onto the ferric ion (Fe3+)  located on the β1-strand of the 
earlier fixed Aβ1 (metal binding domain, His13-His14 sequence 
on the β1-strand). MetS35 on the incoming Aβ2 monomer has 
the reductive-donator electron function. Oxidised ferric ion (Fe3+ 
on  MBD of Aβ1) by reduction  (electron gain) transforms into 
the redox active ferrous ion (Fe2+) that reacts with, in AD, the 
abundantly  present hydroxy peroxide (H2O2), generating  Fe3+, 
hydroxyl ion (-OH), and the extremely active and aggressive 
hydroxyl radical (*OH). These events are presented in the Fenton 
reaction: Fe2

+ + H2O2  = Fe3
+ + -OH  + *OH. The generated *OH 

oxidatively attacks the surrounding molecules, primarily located 
in lipid cell membranes (lipid peroxidation), as well as Aβ itself 
and the nearby LRP1 receptor (Fig. 1)1,3-10).
Redox active metal ions, for example the above mentioned 
ferrous ion (Fe2+) bound to the Aβ, catalize  the production of 
reactive oxygen species (ROS), among them particularly the 
hydroxyl radical *OH. *OH oxidatively damages the surround-
ing molecules, as well as Aβ peptide itself, inducing its confor-
mational changes and the decline in affinity for LRP1. These 
changes result in the impairment of Aβ clearance that is induced 
by the low density lipoprotein receptor-related protein 1 (LRP1). 
The accompanying destructive oxidation of LRP1, with the con-
sequent decline of its functions, additionally contributes to the 
Aβ accumulation in the brain (Fig.1)2,11,12).

The parallel, significantly important 
expression alteration of amyloid transport 
receptors LRP1, P-gp, and RAGE, and their 
mRNA.
Osgood D, et al.13), in their detailed study emphasize that the 
Aβ drainage from the brain is primarily induced by certain 
amyloid transport receptors on the level of endothelial cells  
of tiny cerebrovascular blood brain barrier capilaries (BBB). 
Among these receptors, crucial are efflux transporters, the  
low-density lipoprotein receptor-related protein 1 (LRP1) and 
P-glycoprotein 1 (P-gp, ABCB1). Contrary to their strong 
drainage effects, on the same position there also is the influx 
transporter receptor for advanced glycation end products 
(RAGE), which from the local capilary network binds and in-
jects Aβ into the endothelial cells and into the brain parenhim. 
The complex interplay of these three receptors has the crucial 
importance in maintaining optimal brain Aβ homeostasis, and 
in the case of AD, its disturbed course and deterioration of 
the disease clinical state. The most recent investigations of the 
mentioned genes have shown in the isolated tiny brain vessels, 
related to ageing and AD, a significant reduction of the LRP1 
and P-gp transporters mRNA expression, and an increase of 
the mRNA transporter RAGE expression.  On the enclosed 

graphs the authors show how the changes of the mentioned 
gene mRNA expression paralelly follow the receptor expression 
changes. All this indicates that adequate expression of these 
receptors and their genes  is based on their regular activation 
and regular transcription. It seems that the determined altera-
tions of these genes expression and transcription found in the 
process of ageing and old age, as well as in  AD, according to 
the current perception, have  a vital role in the Aβ accumula-
tion in the brain.  
The results of the Doreen Osgood, et al.13) research clearly show 
that the parallel, significantly important alteration of the expres-
sion of amyloid transport receptors LRP1, P -gp, RAGE, and 
their mRNA, is based on epigenetic mechanisms as the cause 
of these  events related to age and AD. This does not annull the 
importance of the oxidative stress impact especially evident in 
AD, that leads to Aβ weaker binding to LRP1, and the conse-
quently weaker Aβ drainage. Most probably it is the question of 
the mutual activity of both mechanisms.   
Carrano A, et al.14), analyse the P-glycoprotein expression in 
the blood-brain barrier cells (BBB) in AD patients, using the 
advanced cerebral amyloid angiopathy (CAA). In these cells 
they have found a significant drop of this receptor concentra-
tion, accompanied by the obvious drop of P-gp mRNA. The 
mutual drop of the receptor level and its mRNA indicate the 
disturbed P-gp transcription, most probably induced by the 
epigenetic mechanism.
Kang DE, et al.15) and Yamanaka  Y, et al. 16) also emphasize 
that the drop of LRP1 receptor expression and the drop of its 
mRNA is closely related to old age. Both groups of  researchers 
have used the obduction material from the frontal brain cortex 
of the diseased AD patients and age-matched non-demented 
controls. The first mentioned group obtained significant values 
of the decreased LRP1 in older patients (non-demented controls) 
as related to the younger control group (non-demented controls). 
The deceased AD patients had significantly lower values than 
the control AD group (non-demented controls). The second 
mentioned group of authors analysed the mRNA levels from the 
same region and obtained their significantly lower values in rela-
tion to the control group (non-demented controls). Both find-
ings indicate lower LRP1 protein transcription probably caused 
by the epigenetic mechanism.
Castellano J, et al. 17), analysed the influence of hypoxy on the 
LRP1 protein expression and mRNA LRP1 expression, and also 
found their close connection. In human vascular smooth mus-
cular cells (VSMC), maximal upregulation of LRP1 by hypoxia 
occurs after  1 hour at the level of mRNA, and after 16 hours at 
the protein level. According to the authors, the delayed upregu-
lation of the LRP1 protein by hypoxia seems to be due to the 
extremely long half-life of LRP1 protein in human VSMC. Their 
experiments have demonstrated that hypoxy-induced LRP1 
overexpression depends on the transcription.
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Histone acetylation and deacetylation
Before the detailed presentation of histone acetylation and dea-
cetylation, it is necessary to emphasize that in this paper, these 
two important processes primarily relate to the LRP1 receptor 
and its gene  (12q13.3) .  
Ke Xu et al.18), point out the crucial characteristics of histone 
acetylation (inserting the electronegative acetyl group (CH3CO-) 
in the positive histone tail,  and histone deacetylation (ejection 
of the CH3CO- group), the two fundamental processes related 
to the AD pathophysiology. The first process is catalized by the 
enzyme histone acetyltransferase (HAT),  and the second one by 
histone deacetylase (HDAC). Their experiments were performed 
on laboratory rats (mouse models of AD). For tissue analyses, 
autopsic material from the brain of individuals deceased from 
AD was used. The histone acetylation is characterised by the 
inserting of the CH3CO- electronegative group into the histone 
tail that is electropositive.The result is the decrease of the total  
positivity of the tail and histone core, and consequently, the 
decrease of the  interaction between  the DNA phosphate (which 
is electronegative) and the tail. All this induces conditions for 
the easy approach of the RNA polymerase to the DNA chain 
and the generation of the free noncondensed euchromatin, and 
gene transcription. HAT can take the acetyl group from different 
compounds, for example acetic acid, acetylcholine, acetyl-CoA 
and acetylcysteine. HDAC catalizes deacetylation  i.e. the ejec-
tion of CH3CO- from the histone tail that becomes more posi-
tive. The tail connection with DNA phosphate becomes stronger, 
and this leads to unfavourable conditions for the RNA polymer-
ase approach to the DNA chain, to chromatin condensation and 
the drop of gene transcription. The level of histone acetylation 
plays an important role in the decline of chromatine condensa-
tion and the rise of gene expression. HDAC inhibitors, presently 
under serious investigations, improve the memory and cognition 
in mouse models. However, their nonselective use can be ineffi-
cient, even dangerous, so  their application on patients is still not 
safe. Otherwise, it is necessary to emphasize that typically there is 
a labile equilibrium between  acetylation and deacetylation, with 
the ascendency of the latter. This ascendency is especially evident 
in AD. With good reason we can suppose that it also occurs with 
LRP1 gene and LRP1 receptor (Fig. 2)
Xiaolei Liu et al.19), in their review paper emphasize that epi-
genetic mechanisms play a  vital role in the developement and 
course of AD. Histone acetylation catalised by histone acetyltrans-
ferase (HAT) induces the decondensation of chromatin with the 
generation of euchromatine that is transcriptionally active. The 
condensated chromatine type, i.e. heterochromatin, is compact 
and transcriptionally inactive. This is the deacetylated type of 
chromatine obtained through deacetylation (ejection of -CH3CO 
electronegative group) catalized by enzyme histone deacetylase 
(HDAC). Otherwise, chromatin, a nucleosome polymer, is 
composed of two almost complete DNA turns wrapped around 
the histone octamer. Chromatin is extremely flexible and dynamic 

and can exist as heterochromatin or euchromatin. In AD, a rise of 
specific types of HDACs (Class I HDACs, such as HDAC2 and 
HDAC3) has been found. This probably leads to the otherwise 
disordered labile equlibrium between levels of HAT and HDAC, 
with the ascendency of the latter, and the tendency to tighter 
connections between the histone tail and pDNA. The decline of 
these HDACs expression induces the rise of histone acetylation 
and the improvement of the AD clinical situation. It is evident 
that the mentioned tighter connection leads to the transcription 
drop of several genes (Fig.2).  According to the results of Osgood 
D et al.13), it is possible to suppose that this can happen also with 
the LRP1 gene. It is important to emphasize that histone tails are 
typically tightly associated with the negatively charged pDNA. In 
AD this association is much stronger.
Krichevsky A, et al.20),  in their study present the detailed review 
of the acetylation and deacetylation of histones H3 and H4 
related to the root-specific gene LRP1 of Arabidopsis, the small 
flowering plant native to Euroasia, Africa, and North  America. 
In their investigations they have found that SWP1/LDL1, a 
component of a corepressor complex is involved in the regula-
tion of the  root elongation by repressing  the  root-specific gene 
LRP1 via histone deacetylation. A null mutation in SWP1 results 
in the hyperacetylation of H3 and H4 in LRP1 chromatin, the 
elevation of LRP1 expression, and increased root elongation. 
Actually, the following happens: SWP1/LDL1 induces  the 
ejection of negative CH3CO- groups from positive histone tails 
(analogous to  HDAC), i.e. the appropriate histones become 
more positive and increasingly attract the negative pDNA. The 
free approach of RNA polymerase to pDNA is decreased, there is 
no transcription, the expression of root specific LRP1 drops, the 
plant root does not grow. The null mutation of SWP1 prevents 
the histone deacetylation (CH3CO- ejection), this leads to his-
tone hiperacetylation of H3 and H4, the  positivity (CH3CO- is 
electronegative) drops, the attraction between the tail and pDNA 
is lower, the approach for RNA polymerase becomes easier, the 
transcription is stronger, the expression of  root specific LRP1 
gene increases, the plant root becomes longer.  
Sharmila Singh, et al.21), analysed the fitohormone auxin signals 
transmitted by the  auxin/indole-3-acetic acid (Aux/IAAs) and 
AUXIN RESPONSE FACTORs (ARFs) and found that these 
signals regulate the developement of the latteral root (LR)  of the 
plant Arabidopsis while controlling the expression of  LATERAL 
ROOT PRIMORDIUM1 (LRP1) auxin-inducible gene. The exact 
developing role of LRP1 and the molecular regulation of its activity 
has not yet been explained. However the authors have cocluded that 
the LRP1 expression is present in all developement phases of the 
lateral root (LR). The LRP1 expression is regulated by histone deace-
tilation. LRP1 functions through  auxin responsive Aux/IAAs-AREs 
module during the LR growth. Overexpression of LRP1 indicates 
that it is included in the LR growth. The results of the above men-
tioned authors’ research show that auxin and histone deacetylation 
have a damaging effect on the LRP1 expression.
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The comprehensive histone analysis performed by Nativio R, et 
al.22), in the brain (frozen postmortem) lateral temporal lobe has 
demonstrated  the significant elevation of H3K27ac (acetylation) 
and H3K9ac (acetylation) in AD. These elevated levels were as-
sociated with the evident epigenetic and disease-related pathways 
in this disease. This elevation is especially related to the promo-
tion of Aβ42-induced neurodegeneration in vivo. Otherwise, it 
has  already been found that the lateral temporal lobe was the 
region affected early in AD. By comparing the gene expression of 
AD and old age, the authors  identified 421 genes with sig-
nificant upregulation in AD, while 434 had significant down-
regulation. Overall, these multi-omic analyses have identified 
H3K27ac and H3K9ac as potential epigenetic drivers of AD, 
which spur disease pathways through the transcription disregula-
tion and chromatin gene feedback loops.
Ref.22 shows that the histone tail acetylation in the case of  
H3K27ac i H3K9ac does not lead to the fall of the positive 
tail charge, to the weakening of the tail and pDNA, and to the 
strengthening of the transcription. Actually, the opposite process 
takes place.
Wapemaar, et al. 23), emphasize that in the ping-pong mecha-
nism of histone acetylation, the primary event is the binding of 
Ac-Co-A on the catalytic site. Afterwards occurs the separation 
of the acetyl group  from Ac-Co-A and its transfer to the amino 
acid cysteine 143 that accepts  the acetyl moiety. This cysteine is 
also present locally in the catalytic site of the enzyme. CoA leaves 
the enzyme. The histone tail (substrate) binds to the enzyme, and 
its ε-amino group on lysine accepts the transfered acetyl group.  
It is necessary to point out that some other mechanisms are 
being investigated (thendom-order ternary complex mechanism 
and the mpulsory-order ternary complex mechanism), but in 
order to understand the problem, the ping-pong mechanism is 
sufficient (Fig.2).
Suk-Youl Park, et al.24), In their study explain the structure 
and activity of the metal-dependent histone deacetylases. Their 
activity includes the hydrolysis of acetyl-L-lysine side chain in 
histones which yields l-lysine and acetate. In their investigations 
they emphasize class I, II, and IV HDACs (Fig.2)

Histone methylation and demethylation
Collins BE et al.25), point out that the addition of methyl groups 
(-CH3) to the histone tails induces  histone methylation. The 
consquence is mainly the generation of the condensed state of 
chromatin, the heterochromatin that maintains the tail positive 
charge, making DNA more coiled. This hastens the positive his-
tone binding to the negative DNA phosphate and decreases the 
rate of transcriptional expression. The bilaterally induced strong 
connection reinforces the link between histone and DNA and 
reduces the transcriptional expression. Histone methylation is 
induced by methyltransferase (HMTs). This type of methylation  
is a typical “gene silencer”. It is a complex, more durable and 

more stable relative to histone acetylation. However, it is found 
that lysine 4 on histone H3 (H3K4) monomethylation nor-
mally activates the gene expression, and lysine 27 on histone H3 
(H3K27) methylation represses the gene expression. Experiments 
have been obtained on mice (Fig.3).
Uchiyama R et al.26), using the droplet digital (PCR, polymerase 
chain reaction), have analyzed blood samples in stunted children 
and their mothers living in an urban slum in Dhaka, Bangladesh. 
In these samples they have found abnormal  dominance of unfold-
ing patterns (unfolding contributes to pathology) of histone H3 
lysine 4 trimethylation (H3K4 me3). Otherwise, the histone tails 
have a positive charge and hence, typically associate tightly with 
the negatively charged DNA. Normally, the unfolding patterns of 
H3K4 and its trimethylation are not visible. In all stunted cases 
this was connected with the reduced expression of the LRP1 recep-
tor. The authors amphasize a global decrease in methylation at 
canonical locations near gene start sites, and increased methylation 
at ectopic sites throughout the genome. They have concluded that 
reduced levels of one-carbon nutrients in their diet play a key role 
in stunting in this population. Experiments on mice with the dele-
tion of LRP1 with tamoxifen, suggest that reduced LRP1 expres-
sion contributes to stunting in humans.
It is obvious that the histone tail methylation can increase or 
decrease the gene transcription, depending on the type of the 
amino acids methylated in histone and on the number of methyl 
groups used in each amino acid. The methylation that weakens 
the attraction of histone tail  and pDNA, increases the possibil-
ity of RNA polymerase approaching the DNA chain and the 
transcription intensity (e.g. H3K4m). The methylation that 
increases the strength of the tail and pDNA connection enables 
the tail to wrap around DNA and prevents the RNA polymerase 
to approach the DNA chain, thus preventing the transcription 
(e.g. H3K27m). Generally,  it is evident that the tail methylation 
maintains the tail positive charge, making DNA more coiled, 
with reduced transcription. Whether  histone methylation will 
lead to the transcription activation or its repression actually 
depends on the methylated residue and on the presence of other 
methyl or acety groups in its immediate vicinity.
Bing Xiao, et al.27), analysing the high resolution crystal struc-
ture of a ternary complex  that includes human SET7/9 histone 
methyltransferase (HMT), histone peptide (amino terminal tail 
of histone H3, positively charged), and cofactor (S-adenosyl-
L-methyonine, AdoMet, methyl group donor), reveal that the 
peptide substrate and cofactor bind on opposite surfaces of the 
enzyme. Between two opposite surfaces of the enzyme there 
is a narrow channel that runs through the enzyme connecting 
distally  both surfaces. SET7/9 is mono-methylase. The target 
lysine residue (Lys4) of the substrate (H3)  is inserted into this 
channel so that its amine can access the methyl donor (AdoMet). 
Methylation of H3K4 is widely regarded as a mark of transcrip-
tional activation.
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Keating S, et al.28), emphasize that across eukaryotic genomes, 
lysine methylation at position 4 of histone H3 (H3K4) is com-
monly associated with transcriptional activation.
Bing Xiao, et al.29), in their subsequent paper present the crystal 
structure of the enzyme Pr-Set7 ternary complex (also known 
as Set8, i.e. Histone H4K20 methyltransferase) that methylates 
Lys20 of histone H4 (H4K20). Set8 is exclusively mono-methyl-
ase, in other words it adds a single methyl group to H4K20. This 
enzyme is responsible for the methyl transfer from S-adenosyl-
L-homocysteine   (AdoHcy) cofactor   to the histone lysine 
side-chain nitrogen Nε. Mono-methylated and di-methylated 
H4K20 are broadly distributed, but generally associated with 
euchromatin regions.  Tri-methylated H4K20 is associated with 
transcriptionally inactive heterochromatin.  
Xin Yi , et al.30), point out  that the histone lysine methylation 
plays a critical role in the epigenetic regulation of eukaryotes. 
They have found that lysine residues of K4, K9, K27, K36 and 
K79 in histone H3 and K20 in histone H4 can be modified by 
histone methyltransferases (HMTs) (Fig.3).
Yujiang Geno Shi, et al.31), emphasize that the first discovered 
histone demethylase (HDM, LSD1) catalyzes an amine oxida-
tion by oxidative cleavage of the α-carbon bond of the methyl-
ated lysine to form an imine intermediate, which is hydrolyzed 
to form formaldehyde, releasing one molecule of hydrogen 
peroxide (H2O2) and the demethylated lysine. Histone dem-
ethylases belong to either the LSD family or the JmjC family. 
LSD demethylases can demethylate the mono and dimethyl-
ated states of histone lysine residues. The JmjC domain family 
demethylases can demethylate mono-, di-, and trimethylated 
histone lysine residues. Their demethylation reaction includes 
the oxygenation of a methyl group by a radical attack of a 
highly reactive oxoferryl species with the formation of an unsta-
ble carbinolamine intermediate, and the subsequent release of 
formaldehyde from the carbinolamine with the production of 
demethylated lysine. HDMs are involved in the gene transcrip-
tion. Histone methylation is reversible (Fig.4).
The above mentioned text suggests the great importance of 
methylation and demethylation of a number of genes, especially 
the LRP1 gene and its receptor.
It generally seems that even without the participation of the 
mentioned enzymes (HAT, HDAC, HMT), there is typically a 
strong electrostatic attractive force between the positive histone 
tail and negative pDNA. HMT approaches this association and 
leads to the binding of its methyl group with the histone tail 
lysine residue. This binding (methylation) prevents the HAT ap-
proach and the histone acetylation. In this way, the added methyl 
group preserves the tail and pDNA association. The result is the 
drop of gene transcription and expression (Fig.3).

DNA cytosine methylation and demethylation
DNA methylation is catalysed by a family of DNA methyltrans-
ferases (Dnmts) that transfer a methyl group from S-adenosyl 

methionine (SAM) to the 5th C atom of cytosine residue, to 
form 5mC. The -CH3  group is not a dipole, in fact  it is a non-
polar group. The role of Dnmt is to separate the methyl group 
from SAM, to catalyse its transport to the C5 of the cytosine 
residue, and after the H deprotonation from C5, to attach it to 
the empty C5 place. These events induce the consequent decline 
of the DNA transcription. Recently, it has become evident that 
the DNA methylation and demethylation have the crucial role in 
the epigenetic events related to gene activity 32).
Jin Yang, et al.33), emphasize that the vital events important for 
Dnmt (DNA methyltransferase Hhal, M.Hhal) binding with 
DNA and the methylation onset occur by the influence of inter-
molecular attractive electrostatic forces. These forces induce the 
initial approach of Dnmt to the DNA cytosine ring. The Dnmt 
binding to DNA begins with H-bonds breaking (three H-bonds) 
between cytosine (target base) and its pair guanine. Subsequently, 
the cytosine eversion occurs, so that it projects out of the double 
helix, and enters the pocket of the enzyme (Fig.5).
The first step in the methyl (-CH3) transfer is the catalytic nu-
cleophilic attack (Nfa) of deprotonated Cys81-S- thiolate (highly 
nuclephilic) from the Dnmt (M.Hhal) active site, on the C6  of 
the cytosine ring, with consequent formation of the covalent 
adduct (Michael adduct) via Michael adduction (5-methyl-6-cys-
81-S-5,6-dihydrocytosine). This methylation reaction is con-
certed with the methyl transfer from S-adenosil-L-methionine 
(AdoMet) to cytosine C5. The covalent bond between Cys-81-S- 
and cytosine C6 forms rapidly.
The formed adduct promotes the nucleophilicity of the cytosine 
C5 for the nucleophilic attack on the S-adenosyl-L-methionine 
(AdoMet) methyl group, with subsequent proton abstraction 
from C5 via a β-elimination reaction, and the methyl group 
transfer to C5. Subsequently, the β-elimination of the C5 proton 
utilizes as the proton abstracting base, an OH- derived from  
conserved crystal water that is a part of a proton wire water chan-
nel. This enables the formation of 5-methylcytosine.
At the same time, Dnmt Glu119, also located in the active site, 
forms a H-bond with cytosine N3 at the reactant. Arg163 and 
Arg 165 also form the H-bond with cytosine O2. Their crucial 
role is the stabilisation of a cytosine in the Dnmt reactive site 
pocket (Fig.5).
Yiyuan Liu, et al.34), emphasize the importance of the AD-asso-
ciated promoter DNA hypermethylation, which establishes an 
epigenetic barrier for transcriptional activation. They detail func-
tional activities of selected neurons, microglia, and astrocyte-en-
riched genes (AGAP2, DUSP6 and GPR37L1), which are DNA 
hypermethylated at promoters in AD. According to the authors, 
in mammals, DNA methylation primarily occurs at the 5-carbon 
of the cytosine base in the form of 5-methylcytosine (5mC).
Xiaodong Cheng, et al.35), describe the approach and binding of 
Dnmt to the DNA. This induces the eversion (“base flipping) of 
the target nucleotide with its projection out of the double helix 
and entrance into a Dnmt pocket.  The catalytic process induces 
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the nucleophilic attack of Cys81 on cytosine C6 with the forma-
tion of the covalent Michael adduct. Cytosine C6 induces the 
nucleophilic attack on C5, which momentarily also induces the 
same attack on the S-adenosyl-L-methionine (AdoMet) methyl 
group, its absorption and transfer to C5.   
Chien-Chu Lin, et al.36), emphasize that DNA methyltransferas-
es are primary enzymes for cytosine methylation at CpG sites 
of epigenetic gene regulation in mammals. DNMT3B methyl-
transferase uses two flexible loops to enclose DNA and employs 
its catalytic loop to evert the target nucleotide to project out of 
the double helix. DNMT3B recognizes DNA with CpGpG sites 
via residues Asn779 and Lys777 in its target recognition domain 
loop. This facilitates processive methylation of tandemly repeated 
CpG sites. They also emphasize the importance of the proton 
wire water channel essential for the C5 deprotonation.
According to Peipei Xing. et al.37), the promoter region of LRP1 
gene is enriched with CpG islands that govern the sensitivity of 
the LRP1 gene to DNA methylation. When CpG is completely 
methylated the transcriptional activity disappers completely and 
the expression of LRP1 is silenced. They think that the epige-
netic mechanism might be involved as hypermethylation of the 
LRP1 gene promoter, especially as the promoter of this gene is 
rich in CpG islands.
Yoshiki H, et al.38), in their experiments with tissues of young 
and aged mice, have found that the upregulation of the methyla-
tion of DNA and histones contributes to the pathogenesis of 
AD. The level of S-adenosyl-L-methionine (SAM) and SAM-
synthetase (Sam-S) remarkably increase in the brain aged tissues 
(cerebellum, cerebrum, hippocampus). According to these 
findings they have concluded that the increase in SAM is an 
age-related phenomenon, common across the species and tissues. 
Everything indicates that in all species, the evolutionarily con-
served fundamental biological program is active, which related to 
age, induces the generation of SAM-S and SAM.
It is necesary to point out that old age is a strong risk factor for 
the AD occurence and course13,39,40).
Tohgi H, et al.41), using the bisulfite method, polymerase chain 
reaction (PCR) and the direct sequencing of PCR products, have 
investigated the methylation status of cytosines in the promoter 
region of RAGE in the human cortex autopsy. They have found 
that the total number of methylcytosines in the mentioned 
region is significantly decreased with age. This reduction of 
methylcytosines at transcription factor binding sites can increase 
the expression of RAGE.
Silverberg GD, et al.42), have found that connected with ageing 
and AD, there is  decreased methylation in the RAGE promoter 
region. During the ageing process and in AD, there is an in-
creased accumulation of AGEs, as well as increased values of Aβ, 
cytokines (interleukin 1, tumor necrosis factor), and of nuclear 

factor kB, which all can decrease the promoter methylation and 
elevate the RAGE gene  transcription.
Once again, it is evident that according to ref.37, ref.38, ref.41, 
and ref.42, in AD, the LRP1 expression decreases  and RAGE 
expression increases.
Bayraktar G, et al.43), in their mini-review  analyse  the cur-
rent knowledge on the regulatory mechanisms controlling the 
active DNA demethylation. The first step of this process is 5mC 
oxidation induced by the ten-eleven translocation (TET) family 
of dioxygenases with the generation of 5-hydroxymethylcytosine 
(5hmC). In the second step, TET enzymes further hydroxylate 
5hmC with the generation of 5-formylcytosine (5fC) and 5-car-
boxylcytosine (5caC). Thimine DNA glycosylase (TDG), after 
recognising DNA, induces the 5fC and 5caC excision of the gly-
cosidic bond, resulting in an apyrimidinic (AP) site. AP site can 
be efficiently repaired by Base Excision Repair (BER) enzymes 
with the generation of mark-free cytosine.  At the end of their 
report the authors emphasize that the contribution of methyla-
tion and active DNA demethylation in Alzheimer’s disease (AD) 
remains to be determined (Fig.6).
Pellegrini C, et al.44), in their comprehensive analysis of AD, 
have particularly explored the characteristics of accelerated epi-
genetic ageing in this disease. They have found that AD-related 
epigenetic modifications are significantly enriched in probes 
whose DNAm varies with age. According to them, there is a 
high concordance between the direction of changes (hyper or 
hypo-methylation) in ageing and AD. This finding supports the 
accelerated epigenetic ageing in AD. They emphasize that several 
studies in post-mortem AD brains have identified a number of 
CpG sites that show robust changes in DNAm compared to 
non-demented controls.
Rezvan Noroozi, et al.45), and  Xueli Wei et al46), point out that 
DNA methylation is a vital component of the epigenetic ma-
chinery.  Epigenetic modifications, particularly DNA methyla-
tion (DNAm), correlate with ageing and age-related diseases.
A comprehensive analysis of both mechanisms that participate in  
the LRP1 expression drop in BBB related to AD, indicate their 
tight interrelation. It is difficult to say with absolute certainity 
which mechanism is primary. Oxidative stress with its compo-
nents, especially hydroxyl radical (*OH), has been investigated for 
a number of years, and there are a lot of clinical and experimental 
verifications of its strong impact on AD pathophysiology and 
on the Aβ transport receptor interplay on the level of the BBB 
endothelial cells.  The role of epigenetics represents a new research 
field which penetrates into a whole complex of events and relations 
that lie in the  core essence of life. This study does not  present 
therapeutic attempts related to both mechanisms, as this would 
require additional space. All information can be found in the 
comprehensive papers related to this problem 47,48).
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Conclusion
Alzheimer’s disease is a serious, chronic and lethal neurodgenera-
tive disease. Its incidence and prevalence in the contemporary 
world has been increasingly growing. However, its complex 
etiology has not yet been completely explained. The role of LRP1 
receptor in Aβ drainage from the brain is increasingly being in-
vestigated. The evident drop of  the LRP1 expression in BBB in 
the course of ageing and in  AD, associated with oxidative stress 
and epigenetics, is the main object of contemporary investigation 

related to AD pathophysiology. The most recent results of these 
investigations indicate a close connection between oxidative 
stress and epigenetics, and show that there is hope for  a success-
ful solution of a number of problems related to the prevention 
and therapy of this disease.    
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Abstract
Aortic homografts are composed of aortic roots and variable lengths of the arch and ascending aorta, 
harvested from donor hearts. They are primarily used in extensive aortic root endocarditis due to its 
resistance to reinfection. They are, however, prone to structural failure. Redo aortic root surgery is 
challenging, especially in the setting of aneurysms or pseudoaneurysms (PSAN) lying immediately 
posterior to the sternum or adhering to it. We present a 43-year-old female with two aortic homograft 
pseudoaneurysms following her fourth aortic valve and ascending aortic procedure. The first PSAN 
was described as immediately cranial to proximal homograft anastomosis, measuring 21x8 millimeters. 
It harbored potential for intraoperative rupture because of its proximity to the posterior sternal table. 
The second one was 36x20 millimeters, adjacent to the distal homograft anastomosis. The surgical plan 
entailed institution of peripheral hypothermic cardiopulmonary bypass due to an almost inevitable risk 
of bleeding from the retrosternal pseudoaneurysm. While the actual sternotomy was uneventful, the 
PSAN ruptured after sternal retraction. The ensuing massive bleeding was expected and was success-
fully managed during hypothermic circulatory arrest. The patient had an unremarkable postoperative 
course and was discharged home. 

Keywords: homograft, pseudoaneurysm, aortic surgery, cardiac surgery

Sažetak
Višestruka strukturna oštećenja aortalnih homografta u hitnoj kardiokirurškoj operaciji
Aortalni homograft je segment kadaveričnog korijena aorte, uzlazne aorte te luka aorte različite duljine. 
Najčešće se uzima od eksplantiranog primaočevog srca prilikom transplantacije srca. Poglavito se kori-
sti u infektivnom endokarditisu zbog svoje rezistencije prema reinfekciji. Nažalost, sklon je struktural-
nom propadanju. Kardiokirurške reoperacije korijena aorte i uzlazne aorte su kompleksne, pogotovo uz 
pseudoaneurizme ili aneurizme koje se nalaze neposredno retrosternalno. Prikazujemo slučaj 43-godiš-
nje pacijentice koja se prezentirala s dvije pseudoaneurizme homografta uzlazne aorte, te je prethodno 
već imala četiri kardiokirurška zahvata. Prva pseudoaneurizma bila je veličine 21x8 milimetara, odmah 
retrosternalno, dok je druga bila neposredno pored distalne anastomoze homografta, veličine 36x20 
milimetara. Operacijski plan uključivao je uspostavu hipotermijskog perifernog izvantjelesnog krvoto-
ka prije sternotomije, radi visokog rizika od rupture pseudoaneurizme. Iako je sternotomija prošla bez 
komplikacija, neposredno nakon sternalne trakcije došlo je i do očekivane rupture pseudoaneurizme. 
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Navedeno je zahtijevalo rješavanje aortalne patologije u cirkulacijskom arestu.  Nakon uspješno izvede-
nog zahvata, bolesnica je imala povoljan poslijeoperacijski tijek nakon kojeg je otpuštena kući. 

Ključne riječi: homograft, pseudoaneurizma, kirurgija aorte, kardiokirurgija

tive course, she acutely developed massive bleeding. Salvage 
sternotomy was done in the intensive care unit. The bleeding 
site was identified within the shaft of the homograft. Control 
of bleeding was technically challenging and required emergent 
CPB and DHCA. The homograft defect was reconstructed with 
a bovine pericardial patch and topical hemostatics. Remarkably, 
the patient recovered without sequelae and was discharged after 
completion of a prolonged course of intravenous antibiotics. The 
most recent hospitalization was prompted by a newly diagnosed 
pair of PSANs (Figure 1). The first one was located cranial to the 
proximal homograft anastomosis, measuring 21x8 mm. It was 
immediately retrosternal (Figure 2a). The second one was 36x20 
mm, on the posterior side of the distal homograft anastomosis 
(Figure 2b). The ascending aortic homograft was also described 
as being immediately retrosternal. As the risk of injury to the 
homograft due to its proximity to the posterior sternal table was 
felt to be prohibitively high, we opted to start cardiopulmonary 
bypass (CPB) with moderate hypothermia via peripheral vessels 
prior to sternotomy. These maneuvers proved to be crucial, as 
profuse bleeding was encountered after a sternal retractor was 
placed. Lateral force exerted by the retractor exceeded the struc-
tural integrity of the pseudoaneurysm. The massive hemorrhage 
was initially contained with sternal compression and continuous 
pump sucker aspiration. DHCA was initiated after satisfactory 
superior vena cava oxygen saturation indicated low brain oxygen 
consumption. Nearly complete disintegration of the anterior 
wall of the homograft was verified. There was also a rupture of 
the aortic arch, consistent with the preoperative diagnosis of a 
PSAN. Anterograde brain perfusion was established. The entire 
homograft was resected and excluded from the circulation. Dur-
ing circulatory arrest the arch anastomosis with a Dacron graft 
was performed. The graft was then cross-clamped, and CPB was 
reinitiated. The remainder of the ascending aorta was replaced 
with the Dacron graft which was now sutured to the aortic 
root. The patient was weaned off CPB uneventfully, on minimal 
inotropic support. She was extubated 14 hours after admission 
to ICU. Her postoperative stay was uneventful, and she was dis-
charged home on the 13th POD. Serial follow-up examinations 
confirmed a very favorable postoperative course. She has resumed 
normal daily activities to the fullest extent. 

Introduction
Aortic homograft is an aortic valve, root, and ascending aortic 
allograft obtained from a donor heart or autopsy. Ever since 
Cooley used the homograft in a resection of the fusiform aneu-
rysm of the ascending aorta in 1956 (1), aortic homografts have 
been widely used to treat aortic valve, aortic root, and/or ascend-
ing aorta pathology. Homograft use is particularly widespread in 
aortic valve endocarditis due to its noticeably low risk of reinfec-
tion (2). However, homografts are associated with severe aortic 
regurgitation up to 35% after 15 years (when being used for 
aortic valve pathology) and structural failure leading to 34% and 
51% need explantation after 15 and 20 years, respectively. Young 
recipient age is a known factor for structural failure (3). Reopera-
tive surgery of the aortic root and the ascending aorta is one of 
the most challenging procedures in adult cardiac surgery, espe-
cially in the setting of aneurysms or pseudoaneurysims (PSAN) 
lying immediately posterior to the posterior side of the sternum. 
It requires careful preoperative planning and an experienced 
surgical team. We present a case of a 43-year-old female with two 
aortic homograft pseudoaneurysms following her fourth aortic 
valve and ascending aortic procedure. 

Case report
We present a case of a 43-year-old female with aortic homograft 
PSANs. The patient underwent open commissurotomy when she 
was 13 for aortic stenosis. 7 years ago she was admitted to our 
institution due to severe aortic insufficiency and ascending aortic 
and arch aneurysm. She underwent surgical aortic valve replace-
ment (SAVR) with a mechanical prosthesis, combined with as-
cending aorta and hemiarch resection and reconstruction in deep 
hypothermic circulatory arrest (DHCA) with antegrade cerebral 
perfusion. She developed acute bacterial endocarditis of the aor-
tic valve and aortic graft secondary to an Enterobacter spp. ESBL 
infection. Due to the aforementioned reasons, she underwent a 
second redo procedure. After removal of all prosthetic material, 
thorough debridement of infected tissues was performed. The 
aortic valve was again replaced with a mechanical prosthesis, 
along with replacement of the ascending aorta and hemiarch 
with two homografts. Circulatory arrest was again employed 
for aortic arch surgery. After a favorable immediate postopera-
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Figure 1. A multislice computed tomography reconstruction of aortography showing 
both pseudoaneurysms  (A and B).

Figure 2. A sagittal computed tomography aortography. Figure 2a shows the proximal pseudoaneurysm (A) and its relation to the posterior side of the sternum. Note also the 
proximity of the homograft to the sternum. Figure 2b shows the distal pseudoaneurysm (B), along with its neck.

Discussion
An aortic homograft was first used by Cooley in 1956 for the 
treatment of a fusiform aneurysm of the ascending aorta (1). 
Ross reported the first use of the homograft for aortic valve 
replacement in 1962 (4). Since then, homograft use has been 
widespread in the aortic valve, root, and ascending aortic surgery, 
especially in the milieu of infective endocarditis (5). Its benefit 
in this setting is related to its noticeably lower risk of reinfection 
(2). Unfortunately, homografts are prone to structural failure, 
(6). Recently, new developments were made to ensure better 
structural integrity of the homograft, including tissue cryopreser-
vation (7). According to a study by Witten et al. (3), severe aortic 
regurgitation was present in 35% of the patients 15 years after 
homograft root replacement, with 34% and 51% of homografts 
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being explanted for structural failure after 15 and 20 years, 
respectively. Young recipient age is a known factor for structural 
failure. PSANs, or false aneurysms, are known and described 
in the context of homograft deterioration (8). A report of an 
imminent transcutaneous rupture of an aortic homograft PSAN 
has been published (9). Reoperations for homograft failure are 
challenging, with an elevated risk of both morbidity and mortal-
ity. In our case, preoperative CT verified a PSAN immediately 
retrosternaly, which necessitated peripheral cannulation and care-
ful preoperative planning. Massive aortic hemorrhage upon ster-
notomy was controlled in line with preoperative planning. Upon 
DHCA initiation and finishing the sternotomy, nearly complete 
disintegration of the anterior wall of the homograft was verified, 
along with a rupture on the concave side of the aortic arch.

Conclusion
Aortic homograft structural failure necessitates a high-risk and 
complex surgical procedure, especially when coupled with previ-
ous multiple aortic valve/ascending aorta procedures. Detailed 
preoperative imaging is mandatory to devise the best periopera-
tive strategy for each patient. In our case, we have shown that 
complex homograft failures are surgically treatable with good 
results if done by an experienced surgical team and adequate 
preoperative planning.
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Abstract
Ventricular arrhythmias are common complication associated with left ventricular assist devices 
(LVAD). We present a challenging case of a 57-year-old male LVAD recipient who developed ven-
tricular tachycardia refractory to antiarrhythmic drugs and device therapy in the early postoperative 
period and was eventually successfully treated with radiofrequency catheter ablation. Ventricular ar-
rhythmias were successfully mapped, eliminated with ablation, and remained non-inducible. This case 
demonstrates that ventricular arrhythmia catheter ablation can be feasible, effective, and safe in LVAD 
recipients with a scar-related electrical storm even days after LVAD implantation. Although optimal 
treatment strategy in this patient population still needs to be defined, catheter ablation should be con-
sidered in LVAD recipients with ventricular arrhythmias refractory to antiarrhythmic drugs and device 
therapy representing a treatment of last resort.

Key words: ventricular arrhythmias, catheter ablation, ventricular assist devices, mechanical circu-
latory support, advanced heart failure

Sažetak
Električna oluja i kateterska ablacija ventrikulske tahikardije danima nakon ugradnje 
uređaja za mehaničku cirkulacijsku potporu lijevoj klijetci
Ventrikulske aritmije česta su komplikacija povezana s uređajima za mehaničku cirkulacijsku potpo-
ru lijevoj klijetci (LVAD). Predstavljamo izazovan slučaj 57-godišnjeg bolesnika, nosioca LVAD-a, 
koji je razvio ventrikulsku tahikardiju otpornu na antiaritmike i terapiju defibrilacijskim uređajem u 
ranom poslijeoperativnom razdoblju te je u konačnici uspješno liječen radiofrekventnom kateterskom 
ablacijom. Ventrikulske aritmije bile su uspješno mapirane, eliminirane ablacijom te neinducibilne na 
kraju procedure. Ovaj slučaj pokazuje da kateterska ablacija ventrikulskih aritmija može biti izvediva, 
učinkovita i sigurna u nosioca LVAD-a s električnom olujom čak i nekoliko dana nakon ugradnje. Iako 
optimalna strategija liječenja ove populacije još nije potpuno određena, katetersku ablaciju valja raz-
motriti kao krajnje rješenje kod nosioca LVAD-a s ventrikulskim aritmijama otpornim na antiaritmike 
i na terapiju defibrilacijskim uređajem.

Ključne riječi: ventrikulske aritmije, kateterska ablacija, uređaj za mehaničku cirkulacijsku pot-
poru lijevoj klijetci, uznapredovalo srčano popuštanje
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were terminated by frequent antitachycardia pacing (ATPs). The 
right heart catheterization findings prohibited heart transplanta-
tion and the patient eventually received LVAD.
On the sixth postoperative day, the patient developed repeti-
tive VTs with CRT-D shocks and was initially stabilized with 
amiodarone. However, VT recurred and required additional 
AADs administration (magnesium, propranolol, lidocaine, and 
mexiletine), but without a favorable treatment response. LVAD 
parameters were optimized. Nevertheless, VT became persistent 
and the patient was referred for an electrophysiological study and 
catheter ablation.
The procedure was performed on uninterrupted warfarin (INR 
2.57) and under conscious sedation with diazepam. Vascular 
access was obtained via femoral veins. Intracardiac echocardiog-
raphy was used for transseptal puncture guidance. High-density 
electroanatomical map of the left ventricle was recorded using 
a 3-D mapping system (CARTO3®, Biosense Webster, Inc., 
Diamond Bar, CA, United States) and a multipolar mapping 
catheter (PentaRay® Biosense Webster, Inc., Diamond Bar, CA, 
United States) with emphasis on diastolic potentials (Figure 
1). Moderate electromagnetic interference due to LVAD was 
present on surface ECG, but not on endocardial electrograms. 
During mapping, at least five different VT morphologies with 
similar cycle lengths of around 380 ms were observed (Figure 
2), originating from an extensive scar in the antero-septo-apical 
region which also exhibited a lot of diastolic potentials. Potential 
VT isthmuses were identified and ablation lines were designed 
to eliminate them. During ablation VT morphology changed 
twice and only after ablation near the LVAD inflow cannula, a 
conversion to paced rhythm was achieved (Figure 3). Michigan 
VT provocation protocol was conducted, but clinical VT could 
no longer be provoked. Extremely fast VT was provoked only on 
very aggressive ventricular stimulation. After ATP it degenerated 
into VF which was hemodynamically tolerated. Finally, external 
defibrillation had to be performed and the patient was converted 
to atrial fibrillation with biventricular pacing (underlying com-
plete heart block). There were no complications and antiarrhyth-
mic therapy was reduced to a lower dose of amiodarone and 
propranolol following the procedure.

Discussion
Large observational retrospective studies have reported the rate 
of ES in LVAD recipients between 9% and 10.7%. Furthermore,  
between 35% and 63% of these events occur during the first 
month after implantation. A history of VAs before LVAD im-
plantation, HF duration > 84 months, AAD therapy and perio-
perative mechanical circulatory support were identified as an 
independent risk factors for ES following LVAD implantation.6,7 
These studies also found early ES was associated with lower rate 
of survival, which is in accordance with previously published 
data that had reported a three- to six-fold increased risk of death 

Introduction
The continuous-flow left ventricular assist device (LVAD) is an 
established treatment option for patients with advanced heart 
failure (HF) with a steep implantation rate increase over the past 
decade.1 Ventricular arrhythmias (VA) are common complica-
tion associated with this therapeutic modality and the VA burden 
might rise after an LVAD implantation, increasing the risk of 
adverse outcomes.2-4 A noticeable fraction of these patients 
experience incessant VAs or electrical storm (ES) refractory to 
antiarrhythmic drugs (AAD)5. Therefore, they are eligible for ra-
diofrequency (RF) catheter ablation. In this report, we present a 
challenging case of an HF patient with AAD-refractory ES soon 
after LVAD implantation. According to available data, this is the 
first case of an RF catheter ablation of VA in an LVAD recipient 
in our country.

Case presentation
A 57-year-old male patient with advanced HF due to ischae-
mic cardiomyopathy underwent HeartMate III LVAD (Abbott 
Laboratories, Chicago, IL, USA) implantation in April 2021. 
He developed incessant ventricular tachycardia (VT) in the 
early postoperative period with multiple shocks delivered by 
cardiac resynchronization therapy defibrillator device (CRT-D). 
His previous history included acute ST-elevation myocardial 
infarction three years before LVAD implantation, paroxysmal 
atrial fibrillation, type 2 diabetes, and chronic kidney disease. He 
was an elective candidate for heart transplantation (HTx), but 
his status was upgraded to urgent after three frequent hospital 
admissions due to HF worsening. During the last HF hospitali-
zation, the patient required inotropic and vasoactive support due 
to hemodynamic instability and suffered from sustained VTs that 

Figure 1: Electroanatomical map in the anteroposterior projection depicting an 
extensive dense scar (in red), mid-diastolic potentials (purple dots), and late mid-

diastolic potentials (orange balls)
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Figure 2: A 12-lead electrocardiograms during the electrophysiology study show 
different VT morphologies

as well as a negative impact on hospitalization rate and quality of 
life in LVAD recipients with ES.8,9

The potential causes of VAs in these patients include myocardial 
ischemia (old scars or a scar at the LVAD inflow cannulation site), 
suction events due to excessive left ventricular unloading, electro-
lyte disturbances, myocardial depolarization and repolarization 
abnormalities, and the use of inotropic agents early after implan-
tation.7,10 Considering the ischemic substrate, it is important to 
stress that VAs are mostly related to the preexistent cardiomyo-
pathy substrate rather than the cannulation site. VAs are usually 
hemodynamically well-tolerated in LVAD recipients due to circu-
latory support provided by the device and are more often than not 
successfully managed with AADs, cardioversion, ATP, or defibril-
lation shocks. Catheter ablation, although rarely performed, is an 
important treatment option for refractory VAs unresponsive to 
previously mentioned conventional management.
Data on catheter ablation of VAs in patients with novel fully 
magnetically levitated HeartMate III LVAD, the latest in the 
evolution of LVADs, are scarce. Bergau et al. reported the results 
of a single-center observational prospective study that included 
five patients who underwent catheter ablation of VA in the pres-
ence of a HeartMate III LVAD and demonstrated the feasibility, 
efficacy, and safety of a conventional ablation approach in these 
conditions.11 Similar conclusions were drawn in a study by Nof 
et al. on a cohort of 19 patients.11 Although some authors hy-
pothesized potential interference between LVAD and electroana-
tomical mapping systems11,12, we found no significant interfer-
ences during the procedure. 

Conclusion
Our case showed that VA catheter ablation can be feasible, effec-
tive, and safe in LVAD recipients with a scar-related ES even days 
after LVAD implantation. In our patient, VAs were successfully 
mapped, eliminated with ablation, and remained non-inducible. 
This supports the practice that catheter ablation should be 
considered in LVAD recipients with AAD-refractory VAs and 
multiple ICD shocks representing a treatment of last resort.
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Figure 3: Electroanatomical map depicting the ablation lesions (red balls) near the LVAD inflow cannula (yellow arrow)
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Abstract
This case report represents rare complication of carotid surgery, iatrogenic dissection of the common 
carotid artery and its successful endovascular treatment. We herein report a case of 55 year-old female 
patient in whom carotid surgery was performed due to constant tinnitus caused by kinking of right 
internal carotid artery. On day 7th carotid control ultrasound was performed, according to hospital’s 
protocol. The carotid ultrasound showed dissecting lesion of right common carotid artery in a length 
of three centimeters that was confirmed with computed tomography angiography of neck vessels, and 
dual antithrombotic therapy was initiated. One month later percutaneous angioplasty was performed 
with stent implantation. 

Keywords: carotid kinking, carotid dissection, endovascular treatment, carotid surgery.  

Sažetak:
Disecirajuće lezije zajedničke karotidne arterije nakon operacije karotide: prikaz slučaja
Ovaj prikaz slučaja predstavlja rijetku komplikaciju karotidnog kirurškog zahvata, jatrogenu disekciju 
zajedničke karotidne arterije i njene uspješno endovaskularno liječenje. Prikazujemo slučaj 55-godišnje 
pacijentice kod koje je učinjena karotidna operacija zbog stalnog tinitusa uzrokovanog uvijanjem desne 
unutarnje karotidne arterije. Sedmog dana učinjen je kontrolni ultrazvuk karotida, prema bolničkom 
protokolu. Ultrazvuk karotide pokazao je disecirajuću leziju desne zajedničke karotidne arterije u 
dužini od tri centimetara što je potvrđeno kompjutoriziranom tomografskom angiografijom žila vrata, 
a dvojna antitrombotska terapija pokrenut. Mjesec dana kasnije učinjena je perkutana angioplastika s 
implantacijom stenta. 

Ključne riječi: karotidno presavinuće, karotidna disekcija, endovaskularno liječenje, karotidna 
kirurgija
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Introduction
Carotid artery dissections include two types, spontaneous, which 
occurs without cause and others usually caused as a result of 
blunt or penetrating trauma (1). Carotid surgery is commonly 
performed in patients with symptomatic high grade carotid 
stenosis, while rarely in uncommon disorders affecting carotid ar-
teries such as kinking and coiling of internal carotid artery which 
produce ischemic symptoms, carotid body tumor and dissection 
of the carotid artery (2-5). 
This case report represents a potentially dangerous and rare com-
plication of carotid surgery and the role of ultrasound in early 
detection of the dissecting lesion. 

Case report 
We herein report a case of 55 year-old female patient in whom 
carotid surgery was performed due to kinking of right internal 
carotid artery which caused constant tinnitus. The kinking of 
the right internal carotid artery was confirmed with computed 
tomography angiography (Figure 1.) and digital subtraction 
angiography of the neck. The patient complained of pain and 
palpable pulsating tumorous mass on right side of the neck, 
with symptoms of constant tinnitus. Her prior medical history 
included low back pain and gastritis, whilst six months prior to 
surgery the patient underwent a microdiscectomy for cervical 
radiculopathy  (C5-C6).  Carotid surgery was performed in the 
patient and included segmental resection of right internal carotid 
artery with re-anastomosis with common carotid artery. The 
patient did not complain of symptoms after the surgery, while 
previous symptoms disappeared.  On day 7th carotid control 
ultrasound was performed, according to hospital’s protocol. The 
carotid ultrasound showed dissecting lesion of right common ca-
rotid artery in a length of three centimeters ending at the carotid 
bifurcation that formed double flaps at the beginning and at the 
end of dissection and produced moderate hemodynamic stenosis 
(60%) (Figure 2.), that was confirmed with computed tomog-
raphy angiography of neck vessels (Figure 3. and Figure 4.). The 
neurological and physical status was normal, except for the pain 
experienced in the neck again. For stroke prevention dual anti-
platelet and antihypertensive therapy were introduced. Due to 
presence of symptoms, one month later percutaneous angioplasty 
was performed with stent implantation. The control carotid 
ultrasound showed stent implantation with normal hemodynam-
ics, without any sign of dissection (Figure 5. and Figure 6.).   

Discussion
Our case demonstrated a potentially dangerous and rare com-
plication of carotid surgery and the role of ultrasound in early 
detection of the lesion. The proposed mechanism of the lesion 
was the tight clamping with Rumel tourniquet of the right com-
mon carotid artery during surgery that produced intimal tear of 
the common carotid artery and led to dissection. The other re-

Figure 1. Computed tomography angiography of the neck vessels shows kinking of the 
right internal carotid artery

Figure 2. Carotid ultrasound shows dissecting lessions of the right common carotid artery 
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ported mechanism of dissecting lesion is shunt placement during 
surgery, the surgical technique and clamping time (6). Intimal 
lesions such as dissections are rarely described but they might be 
a important factor for the development of thromboembolic in-
cident (6). Although the carotid irregularities are common after 
carotid surgery, they rarely cause re-stenosis (7). These irregulari-
ties are intimal flaps, intimal steps and dissecting lesions (8). 
Previous reports using ultrasound  showed that in patients with 
carotid surgery for symptomatic high grade stenosis asymptomat-
ic dissecting lesions of carotid arteries are 5% (6). Endovascular 
treatment might be indicated and it is a safe procedure (9, 10). 
Carotid artery abnormalities such as tortuosity, kinking and 
coiling are common, and it might be present in one fourth of 
patients refered to carotid ultrasound (11). Mumoli et al. showed 
that carotid kinking and coiling are prevalent in female patients 
(female to male ratio 4:1), and it is associated with smoking, 
hyperlipidemia, and ischemic heart disease (12). These find-
ing might be acquired or congenital (2).  Kinkings are usually 
associated with mild atherosclerotic plaques that cause different 
degrees of carotid stenosis (11).  Symptoms which are related to 
tortuosity of carotid artery are neck pain, vertigo, tinnitus, and 
in rare cases transient ischemic attack or even stroke (11). 
Surgery of carotid artery is advocated in symptomatic kinking 
or coiling with high grade stenosis (4). Carotid surgery might be 
performed in other but selected symptomatic patients (3). There 
are reported cases with pulsatile tinnitus in which carotid surgery 
of kinking produced good clinical outcome (13, 14).   Ballotta et 
al. showed that carotid surgery for symptomatic (causing cerebral 
ischemic symptoms) carotid kinking is superior in preventing 
stroke in comparison to the best medical therapy (15). Asympto-
matic patients should be treated with conservative approach (3). 

Conclusion
Generally surgery of carotid abnormalities (such as kinkings) 
without ischemic symptoms should be avoided, except in care-
fully selected cases. The carotid surgery complications such as 
dissecting lesion might be successfully treated with percutaneous 
angioplasty with stent implantation. Carotid ultrasound has its 
place as a screening method for demonstrating these undisclosed 
lesions.  

Figure 3. Computed tomography angiography of the neck vessels after surgery shows 
dissecting lesions of the right common carotid artery

Figure 4. Computed tomography angiography of the neck vessels shows  dissecting lesions 
of the right common carotid artery
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Abstract: 
Epilepsy is the 4th most common neurological disease in the USA. The link between epilepsy and 
sleep has been known for a long time. An EEG after sleep deprivation is often used as a diagnostic 
tool in epilepsy. Sleep disorders have an increased incidence in epilepsy patients. It is known that sleep 
deprivation can precipitate an epileptic seizure. However, it has not yet been proven that CPAP, or any 
other modality of sleep disorder treatment, has led to better seizure control in epilepsy patients. In this 
report, we bring the case of a patient who has achieved excellent seizure control by using CPAP.

KEYWORDS: epilepsy, CPAP, obstructive sleep apnea, pharmacoresistant

Sažetak:
CPAP kao modalitet liječenja epilepsije u pacijenta sa opstruktivnom apnejom
Epilepsije su 4. Najčešća neurološka bolest u SAD-u. Povezanost epilepsije  i sna je odavno poznata, 
štoviše EEG nakon neprospavane noći se koristi kao dijagnostička metoda u obradi epilepsije. Također 
je poznata povećana učestalost poremećaja sna u osoba koje boluju od epilepsije. Iako je dokazano da 
manjak sna može precipitirati epileptički napadaj, do sada nije jasno dokazano da CPAP ili neki drugi 
modalitet liječenja poremećaja sna može dovesti do bolje kontrole epilepsije. U ovom radu prikazati 
ćemo slučaj pacijenta kojem je pomoću CPAP-a ostvarena odlična kontrola epileptičkih napadaja.

Ključne riječi: epilepsija, CPAP, opstruktivna apnea u spavanju, farmakorezistentna
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Introduction
The link between epilepsy and sleep has been thoroughly de-
scribed. Its complexity is evident from the fact that while sleep 
deprivation can precipitate epileptic seizures, some epileptic 
seizures happen more often during sleep. The frequency of those 
seizures depends on the phases of sleep, the frequency of some is 
greater in phases of light sleep and others in deep sleep (1)sleep 
and sleep disorders. Recent studies have provided new insights 
into the links between the disorders that may facilitate differen-
tial diagnosis and treatment but may also improve our under-
standing of underlying pathophysiological mechanisms. Recent 
findings: Sleep and sleep deprivation have long been recognized 
to influence interictal epileptiform discharges and seizures. More 
recent studies have shown that primary sleep disorders such as 
obstructive sleep apnoea may worsen epilepsy and treatment 
of these sleep disorders can lead to improved seizure control. 
Seizures may interfere with night-time sleep structure and cause 
excessive day-time somnolence (EDS. Nocturnal seizures can 
lead to sleep fragmentation and thus cause EDS (eng. Exces-
sive Daytime Sleepiness). Furthermore, it is proven that OSA 
(eng. “Obstructive Sleep Apnea”) could be twice as common in 
patients with epilepsy (2). A modality of OSA treatment is CPAP 
(eng. Continuous Positive Airway Pressure), a machine used 
to keep the air pressure in the airway positive, thus inhibiting 
airway obstruction in OSA. 

Case report
In this report, we bring the case of a 62 y.o. male who presented 
to our emergency ward after a nocturnal seizure (December 13, 
2018). His wife stated that he started “to snore”, and moments 
after that, he became rigid, did not respond to her calls, and had 
urine incontinence. When the seizure passed, he was confused 
and did not recognize his wife. Pertaining to his medical history, 
he has been treated for arterial hypertension, diabetes, atrial 
fibrillation and hyperlipoproteinemia, and the bloodwork at the 
date of the first seizure was as expected, considering his medical 
history. Brain CT (eng. Computerized Tomography) revealed 
chronic small vessel disease. Following this, an electroencepha-
lography showed focal slowing localized fronto-centro-parietally. 
At this point, a Magnetic Resonance Imaging of the brain was 
done that corroborated the finding of small vessel disease, and 
the slices through the basal parts of the temporal lobes, as per the 
epilepsy protocol found no morphological abnormalities. Poly-
somnography was done due to the patient’s history of snoring. 
The AHI (eng. Apnea-Hypopnea Index) was 55.3, and during 
CPAP use, it fell to 4. At this point, the patient was prescribed a 
CPAP device, and during the delivery period, he had two tonic-
clonic seizures of unknown onset (February 26, 2019). Leveti-
racetam was prescribed in the dose of 500mg BID with gradual 
ramp-up. Later, the CPAP was delivered, and he had a check-
up at a sleep centre (June 6, 2019), at which point he had a 

satisfactory AHI, a somewhat raised central event index that was 
probably caused by his cardiac comorbidities and was advised to 
resume using the CPAP. Ever since he started using the CPAP, 
he had only one tonic-clonic seizure that happened when he was 
not using the CPAP device. Otherwise, no seizures were reported 
when using the CPAP.

Discussion
In the case of our patient, CPAP was the therapeutic modality 
that allowed the best possible seizure control. As it can be seen, 
the same was not achieved solely through pharmacotherapy. 
Furthermore, the only reported seizure after the introduction of 
CPAP happened on the one night the patient was not using the 
device. Even though a cause-effect link colud not  be established 
after a single case, some of the variables in this interaction have 
been explored earlier. The interaction of CPAP therapy and 
seizure frequency hasn’t yet been made crystal clear. In their 
retrospective study, Li et al. have proven that patients with 
pharmacoresistant epilepsy have had a statistically significant 
improvement in seizure control while on CPAP (3)and treatment 
of OSA may decrease seizure frequency. However, it is unclear 
whether patients with medically refractory epilepsy have a higher 
incidence of OSA compared with well-controlled epilepsy 
patients and whether the two groups carry different risk factors. 
Purpose: This study aimed to investigate the presence of OSA 
in patients with refractory vs. well-controlled epilepsy and their 
associated risk factors. We also assessed the benefits of treatment 
of OSA with continuous positive airway pressure (CPAP. Mal-
low et al. have made a pilot study that had used a sham-CPAP 
device to conduct a randomized study. They have shown that 2 
out of 5 patients with epilepsy with at least a mild form of OSA, 
and  were using a CPAP device had an at least 50% reduc-
tion in seizure frequency. However, due to a small number of 
participants, no statistically significant result has been shown (4). 
Pornsriniyom et al. have shown in their retrospective study that 
in patients who have epilepsy and OSA and were using a CPAP 
device, there was at least 50% reduction in seizure frequency in 
74% of patients, compared to 14% of the same patients without 
a CPAP device (5). The meta-analysis done in 2016 by Lin et al. 
has shown that the number of positive outcomes in patients with 
epilepsy using a CPAP device was statistically significantly better 
than in epilepsy patients without a CPAP device (6). Hollinger 
et al. have done a retrospective study where they had taken data 
from the medical records of the sleep centre they worked at. By 
searching the records, they found 12 patients  with an onset of 
OSA at the same time they had had an increase in seizure fre-
quency; or had the first onset of an epileptic status. Out of those 
21 patients, 12 had satisfactory compliance using the CPAP, and 
4 of those patients had a decrease in seizure frequency (7)nature, 
and clinical relevance of this association remain poorly under-
stood. We retrospectively reviewed the database of our sleep 
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center to identify patients with both sleep apnea and epilepsy. 
Characteristics of epilepsy, sleep history, presence of excessive 
daytime sleepiness [Epworth Sleepiness Scale (ESS. Another link 
between OSA and epilepsy can be seen from the epidemiology 
of those two diseases. The incidence of OSA is greater (10-15%) 
in patients with epilepsy than in the general population (4%). 
Mallow et al. have shown that a third of the patients who were 
candidates for neurosurgical treatment of epilepsy had OSA  and 
have more frequent nighttime seizures than those without OSA 
(8)including validated measures of sleep-related breathing dis-
orders (Sleep Apnea Scale of the Sleep Disorders Questionnaire 
[SA/SDQ].
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The corresponding membership (the Charter) of the Croatian 
Academy of Sciences and Arts (“Hrvatska akademija znanosti i um-
jetnosti”; HAZU) was awarded to Prof Dr Kristijan Ramadan at 
the individual ceremony in the Palace of the Croatian Academy of 
Sciences and Arts in Zagreb on Tuesday, 27th September 2022. Prof 
Ramadan is a prominent Croatian scientist working at the Medical 
Research Council Oxford Institute for Radiation Oncology, De-
partment of Oncology, University of Oxford, United Kingdom. He 
holds degrees in Veterinary Medicine (DVM), Veterinary Pathology 
(MSc) and PhD in Biochemistry and Molecular Biology. He gradu-
ated from the Faculty of Veterinary Medicine University of Zagreb. 
He was elected as a corresponding member (fellow) in Novem-
ber 2020, but due to the COVID-19 pandemic the ceremony 
was postponed. The membership was handed over by Academi-
cian Velimir Neidhardt, the President of HAZU. Several regular 
members of the Department of Medical Sciences of the Academy 
as well as some of Prof Ramadan’s relatives and friends were pre-
sent at the ceremony.
President Velimir Neidhardt gave an inspirational speech focusing 
on the important aspects of HAZU for Croatian culture, science 
and arts. The president has also discussed what are the current 
challenges for both, HAZU and the Croatian society, and how 
HAZU is going to contribute to further improve Croatian po-
litical and scientific development, and thus make Croatia a better 
country for all its people.
After the ceremony, Prof Ramadan gave the lecture entitled “Rui-
js-Aalfs syndrome: from the clinics to the laboratory and back”. 
The lecture was organized by the Committee of Animal and Com-
parative Pathology of the Department of Medical Sciences. Before 
the lecture, Academician Josip Madić, the Chairman of the Com-
mittee, introduced Prof Ramadan to the audience. He emphasized 
Prof Ramadan’s discoveries and achievements that make him an 
internationally recognized scientist.
In short, Prof Ramadan gave an overview of his research with the 
focus on his recent co-discovery of Ruijs-Aalfs Syndrome (RJALS). 
RJALS is characterized by genomic instability, accelerated ageing, 
and hepatocellular carcinoma due to DNA replication defects and 
accumulation of DNA-protein crosslinks (DPCs). This disease is 
caused by biallelic and monogenic mutations in SPRTN gene/pro-
tein. SPRTN emerged as a DNA-dependent metalloprotease and the 
core enzyme for DPC repair. DPCs are common DNA damages that 
constitute a major threat to genome stability. DPCs are constantly 
formed in cells either by endogenous metabolic products, e.g., for-
maldehyde or commonly used chemotherapeutic drugs. Despite the 
essential importance of DPCs for genome stability and chemothera-
py response, the mechanisms by which DPCs are repaired are poorly 

understood. Prof Ramadan discussed how the knowledge of RJASL 
and SPRTN metalloprotease can help us to better understand pro-
cesses related to chemotherapy resistance and ageing.

The corresponding membership (the Charter) of the Croatian 
Academy of Sciences and Arts was awarded to Prof Dr 
Kristijan Ramadan from the University of Oxford
 

Figure 1. Prof Dr Kristian Ramadan and the President of HAZU Academician 
Velimir Neidhardt.

Figure 2. At the ceremony in the palace of the Croatian Academy of Sciences and 
Arts (from left to right): Prof Dr Ljubo Barbić, academicians Ivica Kostović, 

Dražen Matičić, Željko Cvetnić, Prof Dr Kristijan Ramadan, Academician Velimir 
Neidhardt - President of the Croatian Academy of Sciences and Arts, Ante Ramadan, 
Academician Josip Madić, Krešimir Lučić, Nataša Petrinović, Željko Petrinović, and 

Academician Vjekoslav Jerolimov.  
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The 20th Scientific Conference on Brain Disorders was held on 
September 23rd, 2022, in the Library of the Croatian Academy of 
Sciences and Arts, in Zagreb. The theme of this year Conference 
was entitled: Vascular Elasticity for Brain Plasticity
The main organizer of the event was the Department of Medical 
Sciences of the Croatian Academy of Sciences and Arts, co-organ-
ized by the International Institute for Brain Health, the Central and 
Eastern European Stroke Society, and the Croatian Stroke Society. 
The purpose of the Conference was to emphasize the importance 
of a multidisciplinary approach in the prevention and treatment 
of cerebrovascular and cardiovascular diseases. 
The event was conceived as a series of interdisciplinary lectures, 
and it was chaired by prof. Vida Demarin and prof. Davor 
Miličić. It attracted over 100 participants. The lectures have 
been given by 6 distinguished lecturers, experts in the fields of 
neurology and cardiology.  
Prof. Davor Miličić gave an opening lecture about the atheroscle-
rosis and possibilities for its “eradication” by treatment of hyper-
lipidemia. Prof. Mislav Vrsalović spoke about the changing the 
paradigm of polyvascular disease. Prof. Edvard Galić discussed the 
association of endovascular dysfunction and arterial hypertension. 
Prof. Vida Demarin, assist prof. Sandra Morović, and assist prof. 
Hrvoje Budinčević talked about relationship between cognitive 
impairment and dyslipidemia, arterial stiffness and atrial fibrilla-
tion, respectively. 
In conclusion, presented modern interdisciplinary approach may 
improve vascular elasticity and brain neuroplasticity. All these 
activities may reduce the burden of cardiovascular diseases and 
dementia, too.  

20th Scientific Conference on Brain Disorders: Vascular 
Elasticity for Brain Plasticity  
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Croatian Society for Vertebrology of the Croatian Medical Associa-
tion in cooperation with Department of Rheumatology, Physical 
Medicine and Rehabilitation of University Hospital Center Sestre 
Milosrdnice in Zagreb organized symposium titled „ Proposal of 
guidelines for low back pain diagnosis and treatment “. The sym-
posium took place on 11th October 2022, as a live event in the 
National Revival Hall of the the Croatian Academy of Arts and 
Science in the upper historic city. Chairs and moderators of the 
event were professor Simeon Grazio, MD, PhD and Darko Perović, 
MD, PhD. As for many years before, this 19th Annual symposium 
was also held under the high auspices of the Department of Medical 
Sciences of the Croatian Academy of Arts and Science. 
Welcome speech was addressed by academician Prof. Vida Demarin, 
head of the Department of Medical Sciences of the Croatian Acad-
emy of Arts and Science, followed by Ivan Radić, MD, PhD (on 
behalf of the hospital director) from the University Hospital Center 
Sestre Milosrdnice Zagreb, and co-chairs, Prof. Simeon Grazio (vice-
president of the Croatian Society for Vertebrology) and Prim. Darko 
Perović (president of the Croatian Society for Vertebrology).
Prof. Simeon Grazio (Department of Rheumatology, Physical 
Medicine and Rehabilitation, University Hospital Center Ses-
tre Milosrdnice Zagreb) opened symposium with a lecture enti-
tled „Purpose and methodology of low back pain guidelines” in 
which he presented mandatory steps when creating this particu-
lar type of document (eg. literature search, followed by screening 
and reviewing of papers, and other activities of various work-
ing groups related to important topics (diagnostic algorithm, 
pharmacological treatment, different non-pharmacological ap-
proaches, etc.). 
Prof. Simeon Grazio (Department of Rheumatology, Physi-
cal Medicine and Rehabilitation, University Hospital Center 
Sestre Milosrdnice Zagreb) in co-authorship with Prof. Ari-
jana Lovrenčić-Huzjan (Department of Neurology, University 
Hospital Center Sestre Milosrdnice Zagreb), Marija Ivica, MD 
(Policlinic Aviva, Zagreb), Rudolf Vukojević, MD (Clinical de-
partment for interventional and diagnostic radiology, Univer-
sity Hospital Center Sestre Milosrdnice Zagreb) and Alemka 
Krajač-Čupić (Medical Health Centre, Zagreb) highlighted the 
importance of diagnostic screening in order to exclude non-spi-
nal causes of back pain and presented a diagnostic algorhytm in 
patients with back pain. 
Assist. Prof. Frane Grubišić, MD, PhD (Department of Rheuma-
tology, Physical Medicine and Rehabilitation, University Hospi-
tal Center Sestre Milosrdnice, Zagreb) with his co-authors Assist. 
Prof. Dubravka Bobek (Department of Physical Medicine and Rehabilita-
tion with Rheumatology, Clinical Hospital Dubrava, Zagreb) and Vedran 
Brnić, MD (Department of Rheumatology, Physical Medicine 

Symposium „Proposal of guidelines for low back pain diagnosis 
and treatment“ on the occasion of the World Spine Day, Zagreb, 
11th October 2022 

and Rehabilitation, University Hospital Center Sestre Milosrd-
nice, Zagreb) showed evidence of efficacy for various groups of 
drugs used for low back pain treatment. 
Prof. Tea Schnurrer Luke Vrbanić (Department of Physical and Reha-
bilitation Medicine, Clinical Hospital Center Rijeka, Rijeka) together 
with co-authors Prim. Tomislav Nemčić, MD, PhD and Prim. Diana 
Balen, MD, PhD (Department of Rheumatology, Physical Medicine 
and rehabilitation University Hospital Center Sestre Milosrdnice, Za-
greb) presented a lecture entitled „Exercise, hydrotherapy and balneo-
therapy in the treatment of patients with low back pain”. 
Prim. Tatjana Nikolić in co-authorship with Dubravka Sajković, 
MD, Petra Kovačević, MD, PhD (Department of Rheumatology, 
Physical Medicine and rehabilitation University Hospital Center 
Sestre Milosrdnice, Zagreb) and Prof. Tonko Vlak (Department of 
Physical Medicine and Rehabilitation with Rheumatology, Uni-
versity Hospital Center Split, Split) introduced data and evidence 
on the efficacy of various physical therapy modalities in treatment 
of patients with low back pain. 
Lecture entitled “Other methods of conservative treatment of pa-
tients with back pain (manual therapy, decompression therapy, 
massage, myofascial relaxation, education, kinesiotaping, acupunc-
ture, ergotherapy, orthoses and other devices) was delivered by Prof. 
Porin Perić (Department for Rheumatic Disease and Rehabilition, 
University Hospital Center Zagreb, Zagreb) and Dubravka Šalić 
Herjavec, MD (Department of Rehabilitation and Orthopaedic 
Devices, University Hospital Center Zagreb, Zagreb).

Figure 1. Prim. dr.sc. Darko Perović, dr.sc. Ivan Radić, akademkinja Mirna Šitum, 
akademkinja Vida Demarin, prof. dr. sc. Simeon Grazio 
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Prim. Darko Perović, MD, PhD (Department of Traumatology 
and Orthopoedics, Surgery Clinic, University Hospital Dubrava, 
Zagreb) in co-authorship with Assist. Prof. Vide Bilić, MD, PhD, 
Stjepan Dokuzović, MD and Stipe Ćorluka, MD (Department of 
Traumatology, University Hospital Center Sestre Milosrdnice Za-
greb), Dominik Romić, MD (Department of Neurosurgery, Uni-
versity Hospital Dubrava, Zagreb) and Prof. Boris Božić, MD, PhD 
(University Hospital Center Sestre Milosrdnice, Zagreb) presented a 
lecture entitled „Surgical treatment of patients with low back pain”.  
Since pain is most predominant complaint and in cases when 
pharmacological treatment is ineffective, various more aggressive 
approach is necessary. In light of that, Prof. Ivan Radoš, MD, PhD 
(Department of Anesthesiology, Reanimatology and Intensive 
Care, University Hospital Center Osijek, Osijek) in co-authorship 
with Prof. Karlo Houra, MD, PhD (Special Hospital Aksis, Za-
greb) and Dražen Kvesić, MD, MSc (Special Hospital Arithera, 

Figure 2. Akademkinja Vida Demarin pozdravlja učesnike simpozija.   

Zagreb) presented a lecture entitled “Intervention methods in the 
treatment of patients with low back pain. 
Final lecture entitled „Psychosocial, multidisciplinary and multi-
modal treatment of patients with low back pain” was presented 
by Prof. Nadica Laktašić Žerjavić, MD, PhD (Department for 
Rheumatic Disease and Rehabilitation, University Hospital Cent-
er Zagreb, Zagreb) in co-authorship with Assist. Prof. Branka 
Aukst Margetić, MD, PhD and Prof. Dalibor Karlović, MD, PhD 
(Department of Psychiatry, University Hospital Center Sestre Mi-
losrdnice, Zagreb).  
An interactive discussion followed the lectures, and its most im-
portant part was a proposal of diagnostic and therapeutic algo-
rhytm for patients with acute and chronic low back pain – from 
symptoms onset to possible treatment.  This year symposium was 
very well attended, gathering around 150 participants and main-
tained its traditionally high-quality level.
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On October 21, 2022, under the auspices of the Department of 
Medical Sciences of the Croatian Academy of Science and Arts in 
Zagreb an international scientific meeting was held: MULTIDIS-
CIPLINARY HEAD AND NECK CANCER SYMPOSIUM”. 
On behalf of the  Croatian Academy of Science and Arts in Zagreb, 
academician Josip Madić opened the symposium. At the begin-
ning of the symposium, professor Tomislav Baudoin, president of 
the Croatian Society for Otorhinolaryngology and Head and Neck 
Surgery addressed the audience. The meeting was organized by the 
Croatian Society for Head and Neck Tumors, partnered with the 
European Head and Neck Society. It’s main goal was to provide 
health care professionals with increased knowledge about the stand-
ard of care and evaluation of treatment of head and neck cancers. 
Main subjects of the symposium were: Multidisciplinary Team in 
Head and Neck Cancer: a Management Model; The Role of Immu-
notherapy in Head and Neck Cancer; HPV Associated Oropharyn-
geal Cancer; Skull Base Surgery; Endoscopic Transoral Laryngeal 
Surgery; Robotic Surgery for Head and Neck Malignancies; Future 
Directions and Treatment Strategies in Head and Neck cancer. The 
leader of the symposium was professor Drago Prgomet, president of 
the Croatian Society for Head and Neck Tumors. The symposium 
was organized through plenary lectures and round tables led by ex-

ceptional experts from the field of head and neck oncology. Among 
others, the lecturers were Ehab Hanna, president of the American 
Society for Head and Neck Tumors and head of the Department of 
Head and Neck Tumors MD Anderson Cancer Center Houston, 
Robert Ferris, head of Hilman Cancer Center Institute in Pitts-
burgh, professor W. Golusinksi, president of EHNS and many other 
leading experts in the field of head and neck oncology from around 
the world and Croatia. The symposium was organized for medi-
cal doctors, nurses, speech therapists and other health professionals 
who deal with patients suffering from head and neck tumors. More 
than 200 participants had the opportunity to attend great lectures 
about novels in the field of head and neck tumors and exchange 
their experiences and knowledge through active discussions. The 
important message of this symposium is that Croatian head and 
neck oncology and surgery is at the same level with the standard of 
care in other developed countries, applying recent knowledge and 
level of organization of care according to the highest international 
standards and most recent guidelines. In recognition of the excel-
lent organization of this meeting, the Croatian Society for Head 
and Neck Tumors was honored with the opportunity to organize 
the next European course on head and neck tumors in 2024 on 
behalf of the European Society for Head and Neck Tumors.

Multidisciplinary Head and Neck Cancers symposium
 



News & Education

RAD 553. Medical Sciences 60-61 (2022) : 136-137                  www.rad-med.com 136 December 2022   -   Vol 553 = 60-61

Author: 
Josip Madić

In remembering the life and work of academician Teodor Wiker-
hauser on the 100th anniversary of his birth (Zemun, 28th August, 
1922 - Zagreb, 12th June 2018), it must be said that he was a scien-
tist and expert with an extremely rich scientific body of work, whose 
scientific and professional career was enriched by many study visits 
around the world, to whom the Food and Agricultural Organiza-
tion of the United Nations (FAO) entrusted the development of the 
parasitological profession and research work in Nigeria, and who 
made a significant contribution to the development of Croatian vet-
erinary parasitology and its recognition in the world. 
He began his studies in veterinary medicine at the Veterinary Fac-
ulty in Belgrade in 1940, but already in 1941 he transferred to 
the Veterinary Faculty of the University of Zagreb. In his graduate 
year in 1945 he was chosen to be demonstrator at the Department 
of Infectious Diseases of the Veterinary Faculty of the University 
of Zagreb. He was included in work to combat equine glanders 
and coital exanthema. In the autumn of 1948 he fell ill and was 
forced to interrupt his studies. He underwent treatment for sev-
eral months in Zagreb and then went for further treatment to 
Leysin in Switzerland. Following his recovery he continued his 
studies at the Veterinary Faculty in Bern, where he graduated and 
then completed his PhD in 1950 with the thesis Contribution à 
l’étude des leptospiroses bovines en Suisse. Recherches sérologiques. 
After his PhD, from 1951 – 1953 he worked at Laboratoires de 
Leysin in Leysin, Switzerland. He then returned to the Veterinary 
Faculty of the University of Zagreb, where in 1954 he began his 
academic career at the Department of Parasitology and Invasive 
Diseases. He spent his entire working life there until he retired in 
1987, advancing from assistant to full professor. He was head of 
the department from 1977 – 1984.
He was elected to be an associate member of the Croatian Acad-
emy of Sciences and Arts in the Department of Medical Sciences 
in 1975, and a full member in 1991. 
Academician Teodor Wikerhauser targeted his research work at 
studying various aspects of animal parasites, especially parasitic zo-
onoses. He published many scientific and professional papers and 
gave more than 40 conference addresses. For the needs of teach-
ing and the profession he wrote or participated in writing about 
15 books, lecture notes and chapters in books. With Prof. Janez 
Brglez, PhD, from the Veterinary Faculty in Ljubljana, he pre-
pared the Atlas parazita uzročnika zoonoza u Hrvatskoj i Sloveniji 
(Atlas of Parasitic Zoonoses in Croatia and Slovenia). With Prof. 
Viktorija Kutičić, PhD, he published the book Parazitske bolesti 
mačaka (Parasitic Diseases of Cats). He took part in many scien-
tific conferences and/or study visits in most European countries, 
the USA, Canada, Thailand, Australia, Iran and New Zealand. 
His scientific interest focused on immunobiological diagnostics 

and immunoprophylaxis, especially of fasciolosis, cysticercosis, 
echinococcosis and toxoplasmosis, and other diseases caused by 
parasitic worms. He paid great attention to researching the effec-
tiveness of anti-parasitics, such as vermizym for ascarides in dogs 
and pigs, piperazine for ascarides in dogs, calves, horses and pigs, 
cyanoacetohydrazide in the treatment of dictiocaulosis in sheep 
and metastrongylosis of pigs, iron arsenate and copper sulphate 
for treating tapeworm in sheep, scolaban against E. granulosus in 
dogs, tetramisol against metastrongylidae in piglets, tenedot, sul-
foxines and amprolium for coccidiosis in hens, halamid against 
T. saginatae eggs, fenbendazole for gastro-intestinal roundworms 
in cattle, terenol against P. microbothrium, praziquantel against E. 
granulosus tapeworms and muscle cysticercosis in calves, nitroxinil 
for F. hepatica liver fluke etc. His work researching the effect of 
γ-radiation on various parasites comprised a separate series. 
Academician Wikerhauser went on about ten study visits abroad. We 
will only mention here that as a guest of the British Royal Society 
he stayed in London (Wellcome Museum of Medical Science and the 
Institute of Zoology), St. Albans (Commonwealth Institute of Parasitol-
ogy), Liverpool (Clinical Department of Veterinary School), Edinburgh 
(Centre for Tropical Veterinary Medicine University of Edinburgh) and 
Berkhamsted (Entomology Department Wellcome Foundation). He also 
studied at the Parasitology Department of Cambridge Veterinary Fac-
ulty, the Central Veterinary Laboratory in Weybridge, and the Para-
sitology Department of the Veterinary Faculty in Glasgow. He spent 
time at the University of Veterinary Medicine, Vienna, and in the 

To mark the 100th anniversary of the birth of academician 
Teodor Wikerhauser – veterinarian, parasitologist, a scientist 
with an international reputation*
 

Figure 1. Photograph of Academician Teodor Wikerhauser.
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*This communication was published in Croatian in the Book of 
Abstracts of the symposium entitled “Actual Parasitic Zoonoses” 
held on 17th November 2022 in the Library of the Croatian Acad-
emy of Sciences and Arts (HAZU) to mark 100th anniversary of 
the birth of Academician Teodor Wikerhauser.

Entomology Department of the International Atomic Energy Agency 
laboratories in Seibersdorf in Austria. 
He was section president at the International Congress of Parasi-
tology (ICOPA III), Munich, 1974, and the International Con-
gress of Parasitology (ICOPA IV), Warsaw, 1978.
He was especially dedicated to teaching higher year graduate and 
post-graduate students at his home Faculty. For teaching African 
and Asian students from non-aligned countries he launched a new 
course entitled Tropical Parasitic Diseases where he made great use 
of his rich experience gained from his field work in Nigeria. 
As the FAO expert for veterinary parasitology, he spent time at the 
Federal Veterinary Research Laboratory in Vom, Nigeria, on two 
missions of six months each, in 1962/1963 and 1965/1966. There 
he researched the parasitofauna of domestic animals and immu-
nobiological diagnostics of fasciolosis in zebu cattle, and taught 
classes at the Federal Veterinary School. He left a record of this in 
which he wrote that in Nigeria, “a country where the population 
consists of more than 250 different ethnic groups, with about the 
same number of languages and dialects, a country with a large 
number of livestock and wild animals, with many problems aris-
ing from the enormous amount of livestock, in 1962 there was a 
total of only 60 graduate veterinary doctors”. In his report he con-
cluded that: “Nigeria will not be able to resolve all the veterinary 
problems with its own resources for some time, and it will seek the 
assistance of veterinarians from developed countries.” 
He was the editor-in-chief of the scientific journal Acta parasito-
logica Iugoslavica from 1969 to 1980. He was a member of the 
editorial board of the journal Periodicum biologorum and the edi-
torial board and advisory board of the journal Veterinarski arhiv.
As a passionate amateur photographer, Teodor Wikerhauser often 

took his camera with him and took pictures which were of interest 
for his profession and also other interesting sights. He could also 
draw very well, which helped him to create clear images of the mi-
croscopic details of parasites. He also tried his hand at caricatures. 
He received the Ruđer Bošković Award of the Republic of Croatia 
for Science (1987) and the Croatian National Science Award and 
Life Achievement Award (1998) and the Portuguese Medical As-
sociation award. 
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Figure 2. Academician Teodor Wikerhauser with parasitological section in Vom in Nigeria, April 1966.
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The symposium entitled “Actual Parasitic Zoonoses” was held on 
November 17th, 2022 in the Library of the Croatian Academy 
of Sciences and Arts (Hrvatska akademija znanosti i umjetnos-
ti, HAZU). It was organized by the Committee of Animal and 
Comparative Pathology of the Department of Medical Sciences 
of HAZU. The symposium marked the 100th birth of the distin-
guished Croatian parasitologist, academician Teodor Wikerhauser 
(Zemun, 28th August 1922 – Zagreb, 12th June 2018).
At the beginning of the Symposium, the participants were wel-
comed by academician Vida Demarin, the secretary of the De-
partment of Medical Sciences of HAZU, and academician Josip 
Madić, who was the chairman of the Organizing Committee.
After the welcome addresses, Josip Madić briefly presented the sci-
entific and professional work of academician Teodor Wikerhauser. 
He pointed out his most important achievements and his interna-
tional reputation. He highlighted his work as an expert with the 
UN Food and Agricultural Organization (FAO) in Nigeria during 
two six-month missions in 1962/1963 and 1965/1966.

The first presentation was given by Prof. Tatjana Živičnjak, PhD, 
from the Department of Parasitology and Invasive Diseases of the 
Faculty of Veterinary Medicine, University of Zagreb. She talked 
about the place and role of humans in the epidemiology of para-
sitic zoonoses. She emphasized the complex relationships between 
humans, domestic animals and wildlife, as well as the profound 
alterations in the environment that can change the epidemiology 
of zoonotic parasitic diseases.
Prof. Albert Marinculić, PhD, from the same department, spoke 
about parasitic zoonoses that we have not thought about until 
now. For example, recurrent outbreaks of muscular sarcocystosis 
have focused international attention on that disease, once consid-
ered rare in humans.
An impressive lecture about leishmaniasis in human beings was 
given by Prof. Davorka Lukas, PhD, from the University Hos-
pital for Infectious Diseases “Dr. Fran Mihaljević”, Zagreb. She 
emphasized that visceral leishmaniasis is the most serious clinical 
manifestation of leishmaniasis in humans. Issues related to the 

The Symposium “Actual Parasitic Zoonoses” – to mark the 
centenary of the birth of academician Teodor Wikerhauser
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epidemiology, clinical manifestations, control and treatment of 
visceral leishmaniasis were discussed.
Prof. Franjo Martinković, PhD, summarized the problems of the 
diagnostics of leishmaniasis in animals. On his behalf, a presenta-
tion was given by Prof. Tatjana Živičnjak.
At the end of the first session, Prof. Janez Posedi, PhD, from the 
Institute of Microbiology and Parasitology of the National Veteri-
nary Institute, University of Ljubljana Veterinary Faculty, spoke 
about the present situation and future challenges in relation to the 
epidemiology of Echinococcus multilocularis in Slovenia and Croa-
tia. Alveolar echinococcosis caused by E. multilocularis is consid-
ered one of the most serious parasitic zoonoses in Central and 
Eastern Europe. The red fox represents the main host.
After the break, the second part of the symposium started with a 
lecture about parasites of the genus Trichinella. This topic was pre-
sented by Davor Balić, PhD, from the Croatian Veterinary Institute, 
Veterinary Department, Vinkovci. He gave a brief overview of the 
epidemiology of trichinellosis from ancient Egypt until the present 
day, with special reference to Osijek and the eastern part of Croatia.
Lea Grbavac, PhD, from the Department of Parasitology and In-
vasive Diseases of the Faculty of Veterinary Medicine, Zagreb, con-
cluded her presentation about Toxoplasma gondii saying that farm-
ing pigs with low biosafety standards, where cats have access, can be 

exposed to T. gondii, since cats and other felids are the only animals 
that excrete the environmentally resistant oocysts in their feces.
Ivona Mladineo, PhD, from the Laboratory of Functional Hel-
minthology of the Institute of Parasitology BCAS, Češke Bude-
jovice, Czech Republic, and Jerko Hrabar, PhD, from the In-
stitute of Oceanography and Fisheries in Split as the speaker, 
presented anisakiasis as an important fish-borne zoonosis pro-
voked by the larval stages of nematodes belonging to the genus 
Anisakis. They highlighted the most important recent assess-
ments of clinical cases of anisakiasis at the EU level. In addition, 
they gave a brief overview of helminths directly associated with 
carcinogenesis in humans.
Relja Beck, PhD, head of the Department for Bacteriology and 
Parasitology of the Croatian Veterinary Institute, Zagreb, talked 
about the detection of multiple adult D. repens. A meta-analysis 
of published literature identified 21 cases of human infection with 
adult D. repens, producing microfilariae. Humans are considered 
to be accidental hosts in which D. repens induces local inflamma-
tion, mainly in subcutaneous and ocular tissues.
After the final presentation, a discussion was opened about all 
the topics that had been presented. The discussion was mostly di-
rected towards the specific subjects of trichinellosis, leishmaniasis, 
dirofilariosis and anisakiasis.
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The Department of Medical Sciences, Committee on tumors of 
Croatian Academy of Sciences and Arts and Croatian Society for 
Urological Oncology, jointly organized the 9th Prostate cancer 
scientific meeting. After two years of the virtual format, this year’s 
conference was held in person, on November 11th, 2022. This is 
a unique multidisciplinary and multi institutional meeting that is 
traditionally organised in a month popularly known as Movember. 
It covers new advances in diagnostics and treatment of this most 
common malignant tumor in croatian males. Field of prostate can-
cer is very vibrant with continuous changes in the world as well in 
Croatia. In recent times in Croatia we have seen the introduction of 
robotic surgery, PSMA PET CT, targeted prostate biopsies based on 
multiparametric MRI, and advances in systemic therapy especially 
the introduction of triplet therapy. All of this has been presented 
and lively discussed during the meeting.

9th Scientific Meeting Prostate tumors  
Croatian Academy of Sciences and Arts

Welcome speeches were held by academician Zvonko Kusić, head 
of Committee  on tumors of Croatian Academy of Sciences and 
Arts and academician Vida Demarin, Secretary of the Department 
of Medical Sciences. The whole meeting was moderated by acad-
emician Željko Kaštelan, Head of the University Hospital Centre 
Zagreb Department of Urology. 
The meeting was opened with a lecture on prostate cancer epidemi-
ology, held by Mario Šekerija, head of the Croatian national cancer 
registry. The incidence of prostate cancer is slowly decreasing, which 
could be a reflection of the impact of the COVID-19 crisis. The 
impact and effect of this decrease in incidence on mortality are yet 
to be seen and analyzed in the coming years. After epidemiology, 
Dražen Huić presented the results of PSMA PET CT, a novel diag-
nostic tool used in UHC Zagreb since April 2021, used specifically 
for prostate cancer staging. The results are promising and encourag-
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ing, both for the patients before specific treatment and after specific 
treatment, in the case of biochemical relapse. In the following lec-
tures, Monika Ulamec and Nino Sinčić covered new insights in the 
field of biomarkers and epigenetics in prostate cancer. 
In the surgical part of the meeting, there were lectures about the 
best settings for prostate biopsy, and the differences between tran-
srectal and transperineal biopsies, more precisely, in the setting of 
rising antibiotic resistance of E. coli. Kristian Krpina pointed out 
that the transperineal biopsy offers less need for antibiotics and 
lower rates of prostatitis after biopsy, but on the other hand, is 
more time-consuming and mandates the purchase of new and ex-
pensive equipment. The next topic covered was the need for lym-
phadenectomy in patients with lower-grade prostate cancer. Igor 
Grubišić presented the two most often used nomograms, Briganti 
and MSKCC nomograms. These nomograms aim to predict the 
risk for nodal involvement in prostate cancer and select patients 
that require lymphadenectomy, thus reducing overtreatment. The 
next topics included robotic surgery. Sandi Poteko presented results 
of robotic radical prostatectomies in Slovenia, performed with the 
DaVinci surgical platform. Tomislav Kuliš, from the UHC Zagreb, 
presented the result of the robotic program with the Senhance plat-
form. Since its introduction in everyday practice, UHC Zagreb’s 
team successfully performed more than 300 radical prostatectomies. 
The closing lecture of the surgical section was held by Tvrtko Hu-
dolin, regarding physical therapy and rehabilitation of patients after 
radical prostatectomy.
In the oncology section, experts from Croatian largest centres lec-
tured on adjuvant radiotherapy and the place of radiotherapy in 
settings of metastatic, hormone-sensitive prostate cancer. Place of 
radiotherapy and personalized approach radiotherapy in the treat-
ment of prostate cancer was covered by prominent experts Dag 
Zahirović, Jure Murgić and Maja Baučić. Tomislav Omrčen from 
UHC Split presented indications for systemic therapy with docetax-
el and abiraterone in patients with locally advanced disease. Mirela 
Šambić-Penc held a lecture regarding doublet and triplet therapy in 
the treatment of metastatic hormone-sensitive disease, using a com-
bination of radiotherapy, ADT and ARTA. The oncology section 
was concluded by Marija Gamulin, with an overview of treatment 
options and management algorithms in metastatic prostate cancer.
The meeting was well attended, with more than 140 participants, 
including specialists in urology, oncology, radiology, pathology 
and nuclear medicine, as well as medical students from School of 
Medicine of University of Zagreb. The discussions were vibrant and 
on point. In his final words, chairman Željko Kaštelan, once again 
pointed out that patients with prostate cancer require a patient-spe-
cific and multidisciplinary approach to ensure the best care.
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The 13th International BMP Conference was held in Dubrovnik 
from 8th to 12th October 2002. The Conference was organized 
by Slobodan Vukičević (University of Zagreb School of Medicine) 
and the Croatian Academy of Sciences and Arts. The First Inter-
national BMP Conference was organized by Prof. Hari Reddi in 
1994 and was held at John Hopkins University School of Medi-
cine (Baltimore, Maryland, USA). Since its inception, the venue 
of International BMP Conference has been rotated in three con-
tinents (North America, Europe, and Asia). Two BMP Confer-
ences took place in Croatia; first in Cavtat (2006) and now in 
Dubrovnik (2022) (1).
The Conference programm covered all areas in the BMP field with 
participations of more than 220 scientists from 15 countries. The 
Conference was attended by world-leading experts in the BMP 
field who delivered plenary lectures: Peter ten Dijke (Wagenin-
gen University, Netherland) presented the Marshall Urist Lecture,  
Eileen Shore (University of Pennsylvania School of medicine) 
the Charles Huggins Lecture and Carl-Henrik Heldin (Uppsala 
University) the EMBO Keynote Lecture. For more details on the 
novel scientific findings presented at the conference please read 
the review article in this volume of Rad CASA on the State-of-the-
Art of the BMP field (2).
In addition to the excellent scientific work, at the 13th BMP 
Conference, the participants had the opportunity to enjoy sev-
eral social, cultural, and gastronomic events that completed the 
experience and enabled informal socializing in a pleasant and fun 
environment (Figure 1).
Opening the conference on Saturday, October 8, Klapa Kaše from 
Dubrovnik performed melodies of old Dubrovnik songs. On the 
beautiful terrace of the “Lacroma” hotel, the conference partici-
pants had the opportunity to enjoy and get to know each other at 
the welcome cocktail evening, with delicious traditional Croatian 
food and wine. 
On Sunday, October 9, the tour of the oldest monument of gar-
den architecture in Croatia, the Arboretum in the small town of 
Trsteno, 25 km north of Dubrovnik city, owned by the Croatian 
Academy of Sciences and Arts has been organized. The sunset 
from the terrace of a Renaissance summer house with a view of 
the Elaphite Islands of Dubrovnik’s waters in the oldest botanical 
garden in this area, dated back to the 15th century, was a unique 
experience. The baroque fountain with the Roman god Neptune 
and its bubbling clear water was a real refreshment as a prelude to 
an outdoor dinner in a beautiful botanical setting, and relaxing 
music as a refreshment prior to the evening session.

The visit to the old city of Dubrovnik in the time between the 
two lecture sections was organized on Monday, October 10. A 
walk along Dubrovnik’s walls and narrow picturesque streets was 
a unique experience. The centuries-old history, culture and archi-
tecture of the former Republic of Dubrovnik and the view of the 
“Slavic Athens” remained in everyone’s memory.
On Tuesday, October 11, a gala dinner was held in Konavoski 
dvori, located on the site of an old mill, right next to the river 
Ljuta. Traditional food and wine provided everyone with a unique 
gastronomic experience.

References:
1. Simic P, Vukicevic S. Bone morphogenetic proteins: from develop-
mental signals to tissue regeneration. Conference on bone morphogenetic 
proteins. EMBO Rep. 2007;8:327-331. doi:10.1038/sj.embor.7400943.
2. Stokovic N, Ivanjko N, Matic Jelic I, Milesevic M, Rumenovic V, 
Blazevic V, et al. State-of-the-art of the Bone Morphogenetic Protein 
research field: 13th International BMP Conference. RAD CASA Med. 
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13th International BMP Conference – Dubrovnik 
(8th-12th October 2022)
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Figure 1. (A) Performance of the music asamble Kaše at the opening ceremony of the 13th BMP conference. (B) Welcome coctail on the 
terrace of Hotel Lacroma. (C-H) Conference participants visited a renaissance botanical garden, arboretum Trsteno (owned by CASA, 

“Croatian Academy of Sciences and Art), followed by a social gathering.
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The traditional scientific Symposium on von Willebrand disease 
and allied disorders with international participation was held on 
November 24th 2022, Zrinjavac Hall Clinical Hospital „Sv. Duh“, 
Zagreb. It was the 8th in a series Symposium annnually organized 
by the Croatian Academy of Science and Arts and the Croatian 
Society for Haemostasis and Thrombosis of the Croatian Medical 
Associastion.  The goal of the symposium was to gather experts in 
the field of haemstasis and thrombosis together with the experts 
in coagulation laboratory and molecular diagnostics and discuss 
current possibilities in the treatment and  diagnosis of von Wille-
brand disease.The speeches were held by leading experts in the 
field. 
At he beginning of the Symposium , the participants were wel-
comed by Silva Zupančić Šalek, the organizer of the Symposium.  
The first speaker and guest was Irena Preložnik Zupan, haematolo-
gist from Clinical Hospital Centre Ljubljana with an overview of 
the comprehensive care of von Willebrand disease in Slovenia. The 
second part of the presentation were comments on ASH, ISTH, 
NHF, WFH 2021 guidelines on diagnosis and management of 
von Willebrand disease. 

Dražen Pulanić, haematologist from University Hospital Centre 
Zagreb showed the role of von Willebrand factor  and FVIII as 
new, potential  biomarkers of cGvHD. They could be indicator of 
endothelial dysfunction and inflammation that take place in the 
etiology of cGvHD. The role of von Willebrand factor in aging 
population was discussed by Silva Zupančić Šalek.There are still 
unaswered questions  about type I von Willebeand disease in the 
elderly dpsatients-
The second part of the Symposium Désirée Coen Herak from 
Univesitya Hospital Centre Zagreb  presented the pivotal role of 
the VWF-ADAMTS13 axis in regulating hemostasis by stressing 
the close relationship between VWF and ADAMTS13 in health 
and disease. Marija Miloš presented currernt challenges of labo-
ratory diagnostics in new therapeutic approaches in hereditary 
hemophilia. Ivana Lapić presented the role of molecular diagnos-
tics in the classification of von Willebrand disease,  by giving an 
overview of the genetic basis of von Willebrand disease and the 
challenges in establishing the appropriate approach in molecular 
diagnostics. Interactive discussion followed after all lectures with 
many suggestions for future. 

8th Symposium on Von Willebrand disease and Allied Disorders
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For the nineteenth consecutive year, on December 2nd, 2022, 
the Department of Medical Sciences of the Croatian Academy of 
Sciences and Arts, the Department of Dermatology and Venere-
ology at Sestre milosrdnice University Hospital Center (UHC), 
the Croatian Society of Dermatological Oncology of the Croa-
tian Medical Association and the Croatian Dermatovenerological 
Society of the Croatian Medical Association organized the tradi-
tional scientific dermatovenerological symposium, called the De-
cember Symposium, as it is held regularly on the first Friday in 
December. The theme of this year’s December Symposium was 
Dermatological Aspects of Perimenopause. As usual, the symposium 
took place in the historical Revival Stateroom in the National Hall 
of the Croatian Academy of Sciences and Arts located in Zagreb’s 
old upper town in Opatička Street 18.
The symposium provided an interdisciplinary approach in address-
ing topics from a particularly challenging period in women’s lives, 
which is the focus of menopausal medicine. This branch of medi-
cine covers the care of women’s health during the period of estrogen 
deficiency, from perimenopause, which encompasses a multi-year 
period of hormonal changes during which ovarian function gradu-
ally ceases and occurs 5 to 10 years before menopause, to meno-
pause itself. Perimenopause lasts for almost a third of a woman’s life 
and during this period women undergo a series of changes - not 
only hormonal, but also psychological and social. The lack of estro-
gen hormones causes a series of structural and functional changes in 
all tissues, organs and organ systems, resulting in a range of subjec-
tive difficulties that drastically reduce quality of life.
The symposium focused on the psychological aspects and quality of 
life of perimenopausal women, skin aging due to estrogen deficien-
cy and hormone replacement therapy options to slow down skin ag-

ing. Common skin diseases such as acne and various scalp disorders 
in the perimenopausal period were also addressed. The second part 
of the symposium was dedicated to dermocosmetic procedures and 
treatments most sought and underwent by perimenopausal women 
to slow and mitigate the skin aging process and improve hair qual-
ity. The most popular invasive procedures in aesthetic surgery were 
also discussed, as well as nutritional aspects that are receiving in-
creasing attention in medicine, including perimenopause. 
A number of eminent dermatovenerologists participated in the 
symposium, coming from several UHCs: Sestre milosrdnice 
(Academician Mirna Šitum, Chair of the Organizing Commit-
tee, Prof. Marija Buljan, MD, PhD, Asst. Prof. Ines Sjerobabski 
Masnec, MD, PhD and Maja Kovačević, MD), Zagreb (Prof. 
Zrinka Bukvić Mokos, MD, PhD, and Prof. Branka Marinović, 
MD, PhD, President of the Croatian Dermatovenerological So-
ciety of the Croatian Medical Association) and Rijeka (Prof. Ines 
Brajac, MD, PhD). Other experts who presented at the meeting 
included Prof. Marina Šprem Goldštajn, MD, PhD, President of 
the Croatian Menopause Society of the Croatian Medical Associa-
tion, gynaecology and obstetrics specialist at UHC Zagreb, Prof. 
Rado Žic, MD, PhD, President of the Croatian Society of Plas-
tic, Reconstructive and Aesthetic Surgery of the Croatian Medical 
Association, plastic surgeon at the University Hospital Dubrava, 
Helena Jerković, PhD, clinical psychologist at the Department of 
Dermatology and Venereology, Sestre milosrdnice UHC and Asst. 
Prof. Darija Vranešić Bender, PhD, nutritionist at UHC Zagreb. 
The traditional 19th December Scientific Symposium was opened 
by Academician Vida Demarin, Secretary of the Department of 
Medical Sciences, on behalf of the Croatian Academy of Sciences 
and Arts.

19th December Scientific Symposium - Dermatological Aspects 
of Perimenopause
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On 19 October 2022, a symposium entitled Oldest Croatian 
Journals: Continuities, Challenges and Future was held in the Na-
tional Hall of the Croatian Academy of Sciences and Arts. The 
symposium was jointly organized by the Department of Medical 
Sciences and the Division for the History of Medical Sciences of 
the Croatian Academy of Sciences and Arts, as well as the Croa-
tian Medical Association. It was dedicated to two Croatian scien-
tific journals which are being published in continuity to this day: 
Rad HAZU (Rad CASA) initiated in 1867 and Liječnički vjesnik, 
established in 1877.

From its founding until today, 564 books of the journal Rad 
CASA were published. Every Academy’s department has its own 
series within Rad CASA, with all of them respecting the continu-
ous numeration. However, their output varies widely, with some 
departments much more productive than others. The first pres-
entation about Rad’s history was being held by Martin Kuhar (in 
co-authorship with Marko Pećina) in which an emphasis was on 
the socio-political context of the appearance of first Croatian sci-
entific journals in the second half of the twentieth century. The 
presentation, which was supplanted by statistical data and graphs 
on Rad’s publishing history, demonstrated that Rad CASA was 
founded during the intense process of nation-building, when ma-
jor cultural and scientific institutions in Croatia were established.

A presentation about Rad CASA – Social sciences was held by its 
editor Dragutin Feletar, who showed the most important data 
about the journal and the challenges of being editor-in-chief in 
the contemporary context. The most recent series, Rad CASA – 
Technical sciences, was being explored by Jelena Bolkovac from 
the Faculty of Mechanical Engineering and Naval Architecture 
(in co-authorship with Ivo Senjanović). The authors set out to 
give a detailed historical overview of what is a long tradition of 
scientific publishing in the field of technical sciences even before 
the establishment of Rad CASA – Technical sciences. The editor of 
Rad CASA – Mathematical sciences, Andrej Dujella, emphasized in 
his presentation the challenges of fulfilling difficult criteria for the 
inclusion of the journal in internationally-relevant citation bases. 
The final lecture dedicated to Rad CASA was given by Marko 
Pećina (in co-authorship with Vida Demarin) in which impres-
sive data on the 70-year tradition of Rad CASA – Medical sciences 
were presented, together with the recent efforts by the current 
editorial board to make the journal internationally visible and to 
increase its quality.

The second part of the symposium was dedicated to Liječnički 
vjesnik, the official bulletin of the Croatian Medical Association. 
Given the fact that the journal was established 40 years before the 
School of Medicine in Zagreb was opened in 1917, the journal 

Oldest Croatian Journals: Continuities, Challenges and Future
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performed a crucial role in the dissemination of medical knowl-
edge among physicians, their class struggles and in the develop-
ment of Croatian medical terminology.

Its current editor, Branimir Anić, gave a presentation about the 
mission and the role of Liječnički vjesnik, which was (and still is) 
an indispensable literature for generations of Croatian physicians. 
Anić forcefully argued for the need to preserve a nationally-rele-
vant general medical journal as a reflection of local professional 
and scientific problems, as well as a platform for younger research-
ers learning their trade in scientific writing. From a similar view-
point, but with more emphasis on medical education, Nada Čikeš 
gave a presentation on Liječnički vjesnik based on her substantial 
experience as its editor (from 1992 to 2005). As an expert in con-
temporary European regulations and trends regarding the scien-
tific publishing, Čikeš also contributed to the discussion regarding 
the limitations of metric data in evaluating the quality of individ-
ual journals. The final two lectures were devoted to the historical 
aspects of Liječnički vjesnik. Stella Fatović-Ferenčić gave a visually 

rich presentation in which she traced the diachronic changes in 
its editorial practices, contextualized main features which were 
slowly added throughout its history and presented data on the 
sometimes-neglected elements which ultimately form an identity 
of a journal. Silvija Brkić Midžić argued about the importance 
of visual elements of the journal by critically evaluating its past 
practices in this aspect, and by carefully examining the balance 
between aesthetic and functional criteria when designing the front 
page of the journal.

Taken as a whole, the symposium was devoted to two extremely 
important scientific journals in Croatia, their continuity and de-
velopment, but also the challenges which their editorial boards 
need to tackle in order to secure their long-term relevance and 
survival. The rich discussion at the end of the symposium dem-
onstrated the depth of other, still unexplored topics, which will 
hopefully stimulate future public events about these or some other 
journals and their place within Croatian as well as European sci-
entific community.
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The Committee for Tumors of the Department of Medical Scienc-
es of the Croatian Academy of Sciences and Arts and the Depart-
ment of Oncology and Nuclear Medicine of Sestre milosrdnice 
University Hospital Center organized the 31st Scientific Meeting 
on Breast Diseases which took place on September 29th at the 
Academy library.
Welcoming speeches were given by academician Vida Demarin, 
Secretary of the Department of Medical Sciences, academician 
Zvonko Kusić, professor Ana Fröbe, Head of the Department of 
Oncology and Nuclear Medicine and Željko Soldić, Chairman of 
the Organizing Committee.
Since its inception, the Academy’s Breast Disease Conference has 
brought together leading Croatian experts in the field to present 
and discuss the latest developments in the diagnosis and treatment 
of breast cancer.
The meeting was opened by Mario Šekerija, who presented recent 
trends in breast cancer incidence and mortality in Croatia. Zoran 
Brnić then gave a detailed overview of diagnostic options in axil-
lary imaging. Snježana Tomić spoke about the dynamics of circu-
lating tumor DNA levels in breast cancer, which is an increasingly 
important way to monitor disease, response to treatment and pre-
dict survival.  She also discussed the clinical utility and benefits of 
next-generation sequencing in breast cancer. Andrej Roth spoke 
about breast reconstruction techniques in the adjuvant and neo-
adjuvant setting, stressing the importance of a multidisciplinary 
approach and individualization of patient care, while highlighting 
the safety of surgical procedures after neoadjuvant treatment. Ka-
tarina Antunac gave a lecture on the development and evolution 
of fractionation in adjuvant radiotherapy, and Josipa Flam tried 
to answer the controversial question whether systemic therapy 
and radiotherapy can be combined. Marijana Jazvić spoke about 
the novel role of immunotherapy in the treatment of metastatic 
triple-negative breast cancer, which is an important step forward 
in the treatment of this subtype, but also raises a whole range of 
questions related to the optimal timing of treatment initiation, 
biomarkers that can help us select patients, and the optimal se-
quencing of treatment. Ingrid Belac-Lovasić discussed the se-
quencing of treatment for HER2-positive advanced breast cancer, 
an increasingly complex topic due to new emerging therapies. 
Martina Bašić Koretić talked about new treatment options for 
hormone-dependent breast cancer and ways to advance treatment. 
Tajana Silovski spoke about the clinical utility of multigene pro-
filing tests in early stage breast cancer and the de-escalation of ad-
juvant chemotherapy in premenopausal patients, although it has 
been found that patients with one to three positive axillary lymph 
nodes benefit from adjuvant chemotherapy regardless of mul-
tigene test results. Ana Tečić Vuger then gave a comprehensive 

lecture on antibody-drug conjugate-based therapies in advanced 
breast cancer, and Marija Ban concluded the meeting with an 
interesting presentation of the clinical approach and treatment of 
a newer clinical biological entity, HER2-low breast cancer.
All 12 lectures presented at the 31st Scientific Meeting on Breast 
Diseases were published in a special edition volume of the Croa-
tian Academy of Sciences and Arts.
With interactive panel discussions and practice changing lectures, 
the annual Scientific Meeting on Breast Diseases once again dem-
onstrated the importance of knowledge sharing and a multidis-
ciplinary approach to bring major advances in the treatment of 
breast cancer, improving survival and quality of life for patients.

31st Scientific Meeting on Breast Diseases
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Ivo (Dživo) Padovan was born on February 11, 1922 in Blato 
on the island of Korčula, where he attended elementary school. 
He completed his secondary schooling in the  Classical Lyceum 
in Dubrovnik and Zagreb, and studied medicine at the School 
of Medicine, University of Zagreb. He chose otolaryngology as 
the field of specialist training, and in 1947 he joined the team of 
prof. Ante Šercera in the Sestre milosrdnce hospital and in 1950 
he passed his national bord exam. From 1966 to 1988 he was the 
head of the Deaprtment of Otorhinolaryngology and Head and 
Neck Surgery in that hospital.
During the early stages of his career, he received additional trained 
at numerous university clinics in France, Germany, Austria, Swit-
zerland, Great Britain, USA, Canada and Russia. He tried to apply 
the acquired knowledge and experience in clinical work in the best 
possible way. In particular, he was one of the founders of clinical 
audiometry, and he was involved in the diagnosis and therapy of 
malignant tumors and plastic-reconstructive surgery.
In the period from 1946 to 1966, the staff of the Department 
in Sestre milosrdnice hospital published 196 papers. Through the 
development and application of new surgical methods at the De-
partment, scientific research work was nurtured. Successes in this 
area resulted in the establishment of the Institute for the Study 
and Protection of the Ear and Respiratory Organs in 1961, which 
later evolved into the modern Center for Hearing and Balance, 
and in 1965, the creation of Šercer’s comprehensive Otorhino-
laryngology, a capital work of professional otorhinolaryngological 
knowledge at the time. 
From 1956, Ivo Padovan participated in educational activities at 
the School of Medicine, University of Zagreb as an assistant pro-

fessor, from 1961 as an associate professor, and from 1967 as a 
professor. He was entrusted with the construction of a large lec-
ture hall, on the construction of which he worked closely with 
prof. Andrija Štampar.
The age of technological revolution in world medicine was begin-
ning, and the Department under the leadership of Ivo Padovan 
followed that development hand in hand. From 1966 to 1988, 
more than 4,000 students passed through the Department. To-
gether with the faculty of the Otorhinolaryngology department in 
Šalata, a textbook on otorhinolaryngology for students was pub-
lished in 1968, and the journal Symposia Otorhinolaryngologica Iu-
goslavica was also published in 1966. The journal became the only 
regularly published otorhinolaryngology journal in the country, 
and it was published until 1999. 
During Padovano’s time, a completely different way of teaching 
was introduced, which he got to know during his stay in America. 
The relationship between students and teachers has become more 
liberal, the classical ex cathedra style of teachers has been modi-
fied, and textbooks were becoming more accessible. The Depart-
ment in Sestre milosrdnice hospital, organized the first postgradu-
ate study programme in 1976, called Otorhinolaryngology with 
audiology and phoniatrics, which is the first postgraduate study 
programme organized at the School of Medicine of the University 
of Zagreb.
During that period, the educational circumstances at the Depart-
ment were significantly improved. Classes were characterized by 
a modern pedagogical approach, a modern concept of synthesis 
of the latest scientific achievements, which were presented to stu-
dents in an appropriate way, with a special emphasis on clinical 
and practical value. Certain narrow specialties in otolaryngology 
were beginning to develop, and new departments were being or-
ganized. In 1956, the Laboratory for Phoniatrics was founded and 
electronic strobolaryngoscopy and microlaryngoscopy were intro-
duced on the audiostrobe-Padovan device, which was constructed 
by Ivo Padovan. 
At the same time, postgraduate classes were held in cooperation 
with the ENT Clinic in Šalata, and interns, residents and special-
ists from Canada, Austria, FR Germany, Israel, Bulgaria, Syria, 
Lebanon and Italy were educated.
The greatest contribution to the written word of that period is 
the trilogy on surgical procedures in otolaryngology, written and 
edited in 1981 by Professor Ivo Padovan. From 1955 to 1982, 
39 dissertations were defended in the field of otorhinolaryngol-
ogy, and Professor Padovan participated in Professor Ivo Čupar’s 
books Head and Neck Surgery I and II (1975 and 1978) and the 
oncology textbook Clinical Oncology (1975 and 1981). years). 

100th anniversary of the birth of academician Ivo Padovan 
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Among the scientific research works, it is worth highlighting that 
prof. Padovan and Prof. Guberina from SUVAG created the first 
audiometers for tonal and speech audiometry, while Prof. Pansini 
created speech audiometry with noise, slowed speech audiometry, 
impaired audiometry, FII audiometry with testing of intelligibil-
ity in limited frequency and intensity areas. Verbotonal audiom-
etry was developed according to the method of Prof. Guberina 
and developed three-channel electronystagmography, the central 
semiology of electromystagmographic examinations. A method 
of measuring the threshold for the rapid component of nystag-
mus and its diagnostic value was found. Cortical audiometry and 
electrocochleography were introduced. In phoniatrics, the effects 
of testosterone on vocal muscle regeneration after cordectomy in 
dogs and voice analysis after partial laryngectomies were tested. 
Several international rhinosurgery courses were held from 1967 
onwards, and in 1970 the first electronic rhinomanometer was 
acquired in the country. Special attention was paid to the respira-
tory physiology of the nose and the improvement of functional 
rhinosurgery. As early as 1964, the Center for Head and Neck 
Tumors and Reconstructive Surgery was established, which laid 
the foundations for a modern team approach of surgeons, radiolo-
gists and pathologists to the problems of head and neck oncology.
He was a member of many prestigious professional and scientific 
organizations in USA, Great Britain, France and Switzerland, and 
for eight years he was also a member of the Council of the Inter-
national League Against Cancer. In 1975, he became an adjunct 
member, and from 1983 he was a regular member of the Depart-
ment of Medical Sciences of the Croatian Academy of Sciences 
and Arts. From 1989, he was the secretary of the Department of 
Medical Sciences, from 1991 to 1997, vice president, and on two 
occasions, from 1998 to 2004, the president of the Academy.
He has published more than 120 scientific and 200 professional 
papers and eight books in the field of otorhinolaryngology and 
plastic surgery of the head and neck. He was the editor-in-chief of 
the Medical Encyclopedia, Medical Lexicon and Medical Diction-
ary, founder and editor-in-chief of the scientific journals Symposia 
Otorhinolaryngologica and Libri Oncologici. Academician Padovan 
received the Lifetime Achievement Award in 1993 for his out-
standing medical and research work, and for his contribution in 
the field of rhinoplasty, he received the World Congress of Oto-
rhinolaryngology Award in 1985. Also, on May 28, 1995, he was 
awarded the Order of Danica Hrvatska with the image of Ruđer 
Bošković for special merits in science.

His character is best described by the multitude of his achieve-
ments, the intensity of his work energy, which was equally divided 
between surgery, science and education, in addition to numerous 
protocol, social and family obligations. He impressed everyone 
who knew him, and for a long time it seemed that there was noth-
ing that happened in the Croatian scientific and medical commu-
nity that was not somehow connected to Ivo Padovan. His main 
characteristics were wisdom, persistence, diplomacy, adaptability 
and liveliness of character. Perhaps more than anything else, he 
was characterized by fantastic patience - he was almost impossible 
to upset. He used to say about himself that he fought many bat-
tles, but that he never lost a single one.
Thus, we could list endless achievements because it is almost 
impossible to summarize the rich professional, scientific and all-
round work of Ivo Padovan.

On November 8, 2022, a commemoration of the 100th anniver-
sary of the birth of academician Ivo Padovan, the legendary Croa-
tian otolaryngologist and president of the Academy from 1998 to 
2003, was held in the palace of the Croatian Academy of Sciences 
and Arts. Current and former presidents of the Academy, acad-
emician Velimir Neidhardt and academician Zvonko Kusić, and 
the secretary of the Department of Medical Sciences, academician 
Vida Demarin spoke on behalf of HAZU.  
The mayor of Blato municipality Ante Šeparović spoke on behalf 
of the native island of the academician Padovan. On behalf of the 
University Department for Otorhinolaryngology and Head and 
Neck Surgery at Sestre milosrdnice University Hospital Center, 
prof. Goran Geber and distinguished otorhinolaryngologist and 
scientist prof. Livije Kalogjera presented the multifaceted scien-
tific research and surgical work of the academician Padovan at his 
hospital and abroad. A common thread emerged from all remi-
niscences that emphasized the extraordinary life and professional 
energy of Ivo Padovan, which shaped the era in which he lived and 
worked through his strength of character and vitality.

References:
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On December 14, 2022, a festive meeting was held in the Re-
vival Hall of the National Home Palace of Croatian Academy of 
Sciences and Arts at Opatička 18 in Zagreb to commemorate 
100 years of Orthopedics education at the School of Medicine, 
University of Zagreb. The meeting was held under the auspices 
of the Croatian Academy of Sciences and Arts (CASA) - De-
partment of Medical Sciences. Greetings were sent by the presi-
dent of CASA academician Velimir Neidhardt, vice-president of 
CASA academician Davor Miličić, secretary of the Department 
of Medical Sciences CASA academician Vida Demarin, dean of 
the School of Medicine, University of Zagreb Professor Slavko 
Orešković, Chief Executive Officer of the University Hospital 
Center Zagreb Professor Ante Ćorušić and, the host of the meet-
ing, the head of the Department of Orthopedics at School of 

Medicine, University of Zagreb and University Hospital Center 
Zagreb, Professor Domagoj Delimar.
After the welcoming speeches, the working part of the meeting 
followed with five lectures given by medical historian Professor 
Stella Fatović-Ferenčić, three former and the current head of the 
Department of Orthopedics at School of Medicine, University of 
Zagreb. Stella Fatović-Ferenčić gave an overview of the histori-
cal events in the phase of the foundation of the School of Medi-
cine, University of Zagreb and the time of foundation of the first 
Departments at the School of Medicine. Academician Marko 
Pećina presented the first 100 years of orthopedics education at 
the School of Medicine in Zagreb, and Professor Darko Antičević 
gave a presentation entitled “From the origin of the name to the 
content, pediatric orthopedics is the cornerstone of all orthope-

The celebration of  100 years of  Orthopedics education at 
School of  Medicine, University of  Zagreb 
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dics”. Professor Miroslav Hašpl followed with a lecture entitled 
“Chondrocyte transplantation - the beginning of the clinical ap-
plication of regenerative orthopedics”, showing the direction in 
which today’s orthopedics is developing. The current head of De-
partment of Orthopedics at School of Medicine, University of Za-
greb and University Hospital Center Zagreb Professor Domagoj 
Delimar gave a summary of the present status and future plans for 
the Department.

After the lectures, a ceremonial presentation of plaques to the pre-
vious and current heads of the Department of Orthopedics was 
held, in order to honor their work. According to the chronological 
order, the plaques were received by: academician Marko Pećina, 
Professor Miroslav Hašpl, Professor  Darko Antičević and Profes-
sor Domagoj Delimar.
The meeting ended with a joint gathering of all participants with 
a reception.
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Seasonal changes in climate have long been recognized in the 
expert and scientific community as one of the important factors 
that influence the variability of blood pressure, which is associated 
with damage to target organs, increased incidence of cardiovas-
cular events, total mortality, and damaged renal function. Even 
the general population and patients with arterial hypertension feel 
this influence, and especially common question is whether to take 
antihypertensive medication during the summer months. There is 
growing and justified fear that this issue will become even more 
pronounced given that we know that the irrational actions of a 
greedy civilization are bringing about a period of global climate 
change, the effects of which we can unfortunately already feel. 
When discussing cardiovascular diseases, the deadly quartets, 
quintets, and sextets of conditions that exacerbate them have been 
feared for decades. Today, in the 21st century, we are faced with a 
new deadly quintet comprising arterial hypertension, obesity, dia-
betes, air pollution, and climate change. However, the influence 
of climate change on health is not such a new thing, as scientists 
and physicians had noticed the association of variable blood pres-
sure and ambient temperature almost a century ago. Over the last 
fifteen years, numerous studies with large numbers of participants 
have confirmed the association between seasonal temperature var-
iations as well as various metrological parameters, primarily ambi-
ent temperature, and arterial pressure, changes in hemodynamics 
and hormone concentrations crucial for blood circulation homeo-
stasis, as well as increased cardiovascular morbidity and mortality. 
Due to the above, and the fact that there is insufficient aware-
ness of this complex phenomenon despite its importance both for 
everyday clinical practice and in research, the European Society 
of Hypertension published a consensus document in 2020 with 
key facts and recommendations for clinical practice with regard to 
seasonal arterial pressure variation. 
Meteorological measurements started in Croatia approximately 
170 years ago. However, the first written record on the influence 
of climate changes on health dates from the 16th century, from 
when the physician Santorio Santorio lived in the Kvarner Gulf 
at the invitation of the Frankopan nobles from the island of Krk, 
researching the influence of the bora (a strong and cold northerly 
wind) on human health. He constructed several instruments dur-
ing this time (the anemometer, thermoscope, and hygroscope), 
which he described in a report published in 1625, shortly after 
Galileo Galilei constructed his liquid-based thermometer. The 
first official meteorological station in Croatia was founded in 
1851 by Professor Ivan deBortili in the city of Dubrovnik, and 
the Royal Observatory at the Geophysical Institute in Zagreb was 
founded in 1861, primarily due to the efforts of Josip Torbar, the 

rector of the Royal Gymnasium at the time, who conducted the 
first measurements together with Ivan Stožir and Spas Vatsov. 
They also worked with one of the greatest scientists in the history 
of mankind, Andrija Mohorovičić, who, coincidentally or not, 
hailed from the Kvarner Gulf (the town of Volosko), and who 
uttered an important statement during that collaboration, which 
should hold for all scientific research, not just that in meteorol-
ogy and medicine: “He who has a moral obligation to conduct 
certain measurements must do so accurately or not at all. Better 
not to measure at all than to measure poorly.” The Meteorological 
Institute of the Republic of Croatia was funded in August 1947 
in Zagreb and was renamed to the Croatian Meteorological and 
Hydrological Service in 1991. The fact that precise  measurements 

Climate changes and arterial hypertension – global risk.  
Environmental hypertensiology 
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have been conducted in Croatia for over a century was honored 
with an award from the World Meteorological Organization in 
2019, when the meteorological institute in Zagreb was added to 
the list of deserving and accredited institutes and meteorologi-
cal measurement stations (the Centennial Observation Station by 
World Meteorological Organization). The systemic nature of the 
century-long high-quality measurements conducted in Croatia is 
further demonstrated by that fact that this list also includes the 
meteorological stations in Gospić and Hvar. Sadly, our meteoro-
logical measurements are in agreement with those from across the 
world, confirming that we live in a dangerous period of global 
warming and all the climate changes that come with it.
The negative trend of changes in climate and their influence on 
health has also inspired us to conduct several studies on the influ-
ence of meteorological parameters and seasonal changes on ar-
terial pressure and arterial hypertension in Croatia. As part of a 
project by the Croatian Science Foundation called “Epidemiology 
of arterial hypertension and salt intake in Croatia (EH-UH 2)” 
that was concluded this year, we analyzed the association between 
arterial pressure and a number of meteorological variables as well 
as air pollution data. According to the preliminary results, there 
was a significant association between blood pressure values and 
ambient temperature, but no association with barometric pres-
sure and air humidity. We observed clear seasonal variations in 
arterial pressure. Detailed analyses are forthcoming, which will 
among other things examine the influence of climate change on 
the prevalence of arterial hypertension and blood pressure control 
achieved in patients treated for arterial hypertension. Fifteen years 
ago, we analyzed the incidence of hypertensive crises and found 
that they are most common during the colder months, which is in 
agreement with findings by other authors.
Inspired by all of the above, and with the goal of discussing the 
dangers of climate change to human health and contributing to 
raising awareness on the importance of combatting irrational poli-
cies regarding climate change, the Croatian League for Hyperten-
sion has organized an international conference under the sponsor-

ship of the Croatian Academy of Sciences and Arts in April of 
2022 titled “Climate Change, Arterial Pressure, and Total Risk – 
Environmental Hypertensiology”, which has resulted in this book. 
“Medicinska naklada” is publisher and book has 253 pages and 
9 chapters. Fifty four eminent experts and physicians are authors 
of this prestigious publication which is endorsed by the Croatian 
Academy for Science and Arts. 
Similar publications have already been published internationally, 
but based on the information we have this book appears to be the 
most comprehensive on this aspect of health, which is what makes 
it special. It encompasses not only blood pressure as a crucial vari-
able for arterial hypertension, but also metabolic disorders as well 
as changes in hemodynamics and hormones, all of which make ar-
terial hypertension a very complex syndrome. The reader will find 
chapters on target organ damage, on climate change and children, 
on the influence on diet plans, and finally on the relationship with 
hypertensive medication.  Two years ago, the Croatian Society 
of Hypertension and the Croatian League for Hypertension, in 
cooperation with the Servier company, organized education pro-
grams for physicians specializing in cardiology, nephrology, and 
family medicine on the association between climate change and 
arterial hypertension, focusing on the crucial role of continuous 
arterial pressure measurement. Our education programs have cur-
rently been completed by about 1500 physicians, and further edu-
cation programs are planned.
All our efforts, and now also this book, are aimed at showing the 
irrationality and irresponsibility that exist at the global level with 
regard to climate change. We want to prepare our physicians for 
these new challenges and traps which could easily fortify the posi-
tion of arterial hypertension as the main factor for morbidity and 
mortality in the world. In our hunt for the Silent Killer, namely 
arterial hypertension, the Croatian League for Hypertension has 
added this dangerous new helper to the well-known list of the “de-
mons” of arterial hypertension, i.e. modifiable risks factors. We re-
alize this is but a small drop in the global efforts on this topic, but 
we trust it will join them in weaving the waterfall of rationality.
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The Croatian Hypertension League was established with the aim 
to improve awareness on arterial hypertension in general popu-
lation (and in scientific and professional community) trying to 
decease prevalence of arterial hypertension and increase control of 
treated hypertensive patients (https://h-liga.hr/). Arterial hyper-
tension is the most prevalent non-communicable chronic disease 
and increased systolic blood pressure is the most important risk 
factor for mortality worldwide. Unfortunately, in last decades the 
prevalence of this disease/risk factor is increasing despite the fact 
that it could be prevented. This is reflection of the life style of 
western civilization: sedentary life style, poor and too salty diet, 
obesity, smoking, stress… In the Croatian Hypertension League, 
the most important risk factors that could be prevented are named 
“demons of hypertension”: obesity, smoking, lack of physical ac-
tivity, too salty diet, and insufficient ingestion of fruits and veg-
etables. These five demons should be in the focus not only for 
the primordial and primary prevention but also for the secondary 
prevention. In treated hypertensive subjects they are frequently as-
sociated with poor adherence to drug therapy and unprecise meas-
urement of blood pressure making them all together “seven mortal 
sins of hypertension”.  For solving such prevalent and complex 
disease that is the most important health problem globally, mul-
tidisciplinary approach is necessary. Therefore, the most relevant 
professional societies and associations of physicians are partners 
and active members of the Croatian Hypertension League (hyper-
tension, cardiology, nephrology, neurology, endocrinology, phar-

macology, public health, epidemiology, family physicians….). 
Furthermore, associations and chambers of nurses, pharmacists, 
kinesiologists, nutritionists and many others are members of this 
strong network under the umbrella of the Croatian Hypertension 
League. They all working together but also at each of their lo-
cal actions, emphasizing the importance of Hunting and raising 
awareness to the general public about the dangers of undetected 
and untreated/uncontrolled hypertension and healthy life style. 
Hunt on a Silent Killer is a public health project of the Croatian 
Hypertension League(https://tihiubojica.hr/).  The initiation of 
the project was multi-faced motivated.  First of all, the motive was 
to increase public awareness of hypertension as the most impor-
tant cardiovascular, cerebrovascular and kidney risk factor, clue 
that is mostly unknown in general public, but also still neglected 
in a part of the scientific community. The second motive was aim-
ing to deliver preventive and educational content to healthcare 
deprived areas in Croatia such as Banija, Lika and remote islands. 
Large multidisciplinary team is going to these places examining 
population by measuring blood pressure, arterial stiffness, central 
aortic pressure, ECG, drawing blood and collecting urine samples 
for determination of all biochemical risk factors, thyroid gland 
ultrasound, and organizing workshops for pregnant women, for 
mental stress etc. The third, but not less important aim was to 
empower and educate young medical students of finishing years 
of Medical Schools, recently graduated physicians, but also pu-
pils and students of schools for nurses and medical technicians. 

Croatian Hypertension League. Hunt on a Silent Killer 

Blood drawing ECG laboratory in Prnjavor Čuntički
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Unfortunately, during three years of COVID pandemic, on-line 
teaching and epidemic restrictions band student from teaching 
clinic centers disabling true clinic education. This led to horrif-
ic fact that young doctors have not touched or seen patients for 
years! Actions of Hunt on a Silent Killer were the first contact with 
real person, first blood pressure measurement beside short propae-
deutic curriculum and first health consult of individual. 
The first field activities of the Hunt and the launch of the pro-
ject took place in the summer of 2021 when the first 30 young 
colleagues were sent by boat Nikola on the first independent 
Hunt among the central Dalmatian islands. Previously, col-
leagues received extensive education on blood pressure measure-

ment, ECG imaging, blood samples and giving health advices.  
They had mentors, older members of the League and were in 
touch by zoom. From the recorded materials, as well as the col-
lected data, a short documentary film was created, which was 
primed at the Faculty of Medicine in Zagreb (https://vimeo.
com/696465118/60651bef8d).  In addition to students from 
School of Medicine University of Zagreb, young colleagues from 
all other Croatian universities joined the Hunt from the begin-
ning, making the Hunt on the Silent Killer a real national project. 
The hunters’ next action was on the earthquake-hit and devastated 
Banija in the spring of 2022, where over 200 of the most vul-
nerable people, residents of container settlements, were examined 

Education in the corridor Measurements and education

Measurements of central blood pressure Thyroid gland ultrasound
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over two days. During the summer 2022, young Hunters were 
sent to the farthest inhabited Croatian island-Lastovo. There, 
over five days, they examined more than half of the island’s total 
population. Last autumn, preventive examinations and public 
health education were provided to the workers of the PIK Vr-
bovec meat industry. The company PIK Vrbovec is recognized by 
the Croatian Hypertension League as a role model company due 
to its reduction of the salt content in in all its products. 
The happiness and satisfaction of young colleagues is the great-
est reward for the effort invested by all actors of the Croatian 
Hypertension League. Their enthusiasm and desire to learn and 
help our deprived citizens was also recognized by the Univer-
sity of Zagreb. This year, the Student Section for Hypertension 
School of Medicine University of Zagreb received the Rector’s 
Award for Community Service, which gave young colleagues 
even more incentive to continue. The new Hunting action is 
planned for spring 2023 in Lika and Gorski Kotar. 
In addition to going to the fieldwork among the regiment, what 
is the legacy of Dr. Andrija Štampar, the Hunt for the Silent 
Killer consists of the authorship of numerous educational texts 
and brochures intended for the general public. During 2022, 
together with media partner Večernji list, members of the League 
marked numerous dates significant for The Hunt. For example, 
these were World Hypertension Day, World Obesity Day, World 
No Tobacco Day, World Diabetes Day, Salt awareness week, 
World Heard Day, World Kidney Day etc. Every month materi-
als published in Večernji list portals was dedicated to one of the 
demons of the Silent Killer. The articles were written by more 
experienced members of the Croatian Hypertension League, but 
in a way adapted to the general public. 
Part of The Hunt is directed not only to the general public, but 
also to the professional community. Perhaps the most insidious 
characteristic of The Silent Killer is the belief of health workers 
that arterial hypertension is a trivial problem that can be easily 
solved. Under the auspices of the Croatian Academy or Science 
and Arts, professional books and textbooks are published, which 
have on the cover the characteristic sign of Hunters- a target 
by which editions of the Medical Publishing can be recognized. 
This year, two books intended for the professional public were 
published, as well as collaborative professions that are invited to 
participate in The Hunt. 
Everyone is called to be the Silent Killer Hunter, because eve-
ryone can help expose this treacherous demon with daily en-
gagement. It is on physicians and prominent individuals of the 
community to act to educate the population, regardless of which 
profession or health branch they are engaged in. Therefore, dear 
reader you are also kindly invited to join us in this most impor-
tant hunt.
Croatian Academy for Sciences and Arts recognized the impor-
tance of the problem and acknowledged the public health action 
Hunt on the Silent Killer being protector of this utmost impor-
tant project.

Workshop for the mental health

Workshop for pregnant women
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A symposium ‘Disaster medicine– are we ready’, organized by the 
Croatian Medical Association – Karlovac branch, Croatian Medi-
cal Chamber – Karlovac, Croatian Society of Anesthesiology, Re-
animatology and Intensive Medicine, Croatian Society for Emer-
gency Medicine and the Karlovac General Hospital was held in 
Karlovac, on 25 November 2022. The sponsors of the symposium 
were Karlovac County and the city of Karlovac.
The aim of this multidisciplinary symposium, lectured by scien-
tists of the Ruđer Bošković Institute, doctors of the Ministry of 
Defense and the Croatian Army, experts from the Ministry of 
the Interior and the Crisis Committee of Ministry of Health, a 
mathematician and international instructors in emergency and 
medical fields in the context of disasters, professors of medical 
faculties and general hospital doctors involved in the treatment of 
the wounded and the injured during the Homeland War, earth-
quakes in Banovina and those affected by COVID-19 pandemic, 
was to gain a better insight into the health care problems in disas-
ter situations, with a particular focus on the situation in Croatia.  
The symposium works are printed in the supplement of Lijecnicki 
vjesnik.

The issues raised by the presenters considered the readiness of 
healthcare system in the circumstances of the occurrence of trau-
matic, biological, chemical, radiological, nuclear and combined dis-
asters; the organization of military health, the knowledge of which 
is necessary for coordinated actions in these circumstances; math-
ematical modeling necessary in resource planning related to the care 
of the population during the occurrence of certain threats, analysis 
of the organization of care for the wounded and injured during the 
Homeland War and the sick during the COVID-19 pandemic, as 
well as the education and readiness of health workers.
The symposium followed the continuity and certain specific mod-
els of care in disaster situations, starting with the biblical account 
of the universal flood – the first recorded disaster – and its resolu-
tion, the determinants of which indicated the basic starting points 
and elements that are valid in these circumstances to this day. 
Data on natural disasters in Croatia (earthquakes, storm winds, 
waves and tsunamis, floods, landslides, fires, volcanoes, meteors 
and others), pandemics and epidemics in history and their impact 
on the course and development of the economy and civilization in 
general were presented. The causes of chemical disasters can be the 

Symposium: Disaster medicine – are we ready?

Karlovac, November 25, 2022
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result of natural events (volcanoes, deflation, fires, etc.), damage to 
industrial facilities due to floods, fires and other natural processes, 
or their damage due to human errors. Sudden industrialization, 
the increase of new potentially harmful compounds and the desire 
for profit lead to the neglect of monitoring devices and techno-
logical processes with tragic consequences (Seveso, Italy; Bhopal, 
India). Nuclear accidents are the result of a sudden breakdown in 
nuclear plants caused by human error (Chernobyl) or a combina-
tion of circumstances (Fukushima) that cannot be influenced and 
are followed by a large release of radioactive substances into the 
environment over a wide area. All the mentioned threats warn of 
the necessity of providing help with a high level of safety, devel-
oping awareness of risks, possible victims and costs, and accident 
prevention. The Republic of Croatia adopted the Guidelines for the 
treatment of outpatient and hospital emergency medical services in the 
event of chemical accidents, the Preparedness and State Response Plan 
for an extraordinary nuclear (and radiological) event.
Doctors working in the civilian sector are not familiar with the 
organization of military health and its role in cases of mass casual-
ties during nuclear, radiological, biological and chemical threats 
(CBRN-NCBO). Therefore, the doctrinal principles, organiza-
tion of military health, characteristics and levels of health support 
with the time sequence of care during conventional and asym-
metric conflicts were presented at the symposium. In the event of 
disasters, the Government of the Republic of Croatia may decide 
on the use of the Armed Protection and Rescue Force, and in 
the event of major accidents the Minister of Defense shall take a 
decision. In these circumstances, the means of communication, 
planning, coordination, cooperation and resources are extremely 
important. The World Health Organization has developed the 
concept of civil-military health cooperation to strengthen pre-
paredness and rapid emergency response. The NCBO battalion 
has the task of dealing with NBO incidents and/or attacks on the 
population, territories or military forces. During the COVID-19 

pandemic, the concept of civil-military health cooperation was 
applied by employing the Croatian army’s medical staff with in-
frastructure support and the supply of healthcare facilities.
The mathematical modelling session provided examples related to 
the COVID-19 pandemic as well as the opportunity to assess the 
destructive nature of the pandemic in order to estimate the neces-
sary resources for treatments. In a crisis situation, planning and 
optimizing resources for a major disaster is an important response 
factor and the most crucial resource to reduce mortality and mor-
bidity is trained and skilled personnel.
The treatment issues during the Homeland War and the COV-
ID-19 pandemic were analyzed. Common problems were techni-
cal (gas installations), shortages of specialists, doctors, nurses, het-
erogeneity of staff, the lack of knowledge and skills, staff fatigue 
and burnout syndrome, increased incidence of hospital infections. 
The lack of nurses specializing in intensive medicine, anesthesiol-
ogy and respiratory therapists was highlighted. Doctors and other 
healthcare professionals need to be trained during their studies 
on medical problems during disasters and military medicine. The 
problem of setting up a team decision-making, which reduces 
stress for individuals has been noted. The existence of common 
problems is a warning that they must be dealt with as a matter of 
urgency through the primary training of health professionals. The 
lecture also showed positive impetus and action in times of disas-
ters, which is reflected in the development of medicines, medical 
devices, and the technology of specific segments of the economy 
and food production.
The symposium was also an opportunity to better familiarize and 
bring together different professionals and to highlight the need 
to create a unified national medical approach in dealing with dis-
asters, whatever their cause. This should also be an incentive to 
educate and actively involve all socio-political, civilian, and mili-
tary health structures in earlier and more comprehensive disaster 
preparedness.
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MOST ILLUSTRIOUS ALUMNI OF THE SCHOOL OF MEDICINE, UNIVERSITY OF 
ZAGREB, ZAGREB, CROATIA

Dear Readers,

In the issue 544=52-53 of our periodical, RAD HAZU – Medical Sciences, we introduced a new fea-
ture entitled ESSAY – INTERVIEWS „Corresponding Members of Croatian Academy of Sciences and Arts, 
Department of Medical Sciences “. For thr issues 54-55, 56-57, 58-59 and the present issues 60-61 of 
our journal we decided to expand the scope of that series and include interviews with other interna-
tionally known alumni of the School of Medicine, University of Zagreb, Zagreb, so that we could pro-
file even those alumni who are not Corresponding Members of the Croatian Academy of Sciences and 
Arts. This change of venue required us to change also the title of this series of interviews, and rename it 
in Latin Illustrissimi alumni Facultatis Medicae Zagrabiensis. The same interviews, translated into 
Croatian will be published on the electronic web site of the Medical Faculty mef.hr. 

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

Marko Pećina

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

The preface in the Issue 544=52-53

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

The primary goal of this series of dialogues in RAD HAZU is to present and recognize the outstanding 
alumni of the School of Medicine University of Zagreb, Zagreb,Croatia. We hope that our readers will 
enjoy reading about the memorable events in the lives of these physician-scientists, their achievements, 
and scientific contributions that made them famous worldwide. 

The emphasis of these discourses will be on the human side of science and medicine. Our goal was to 
give the interviewees a chance to reminisce about their trials and tribulations as well the happiness and 
fun they experienced in their lives. In other words, the objective of the interviews is and will be to give 
our esteemed interlocutors an opportunity to tell their life story in their own words and show us “how 
they did it” while still keeping their personal and professional lives in balance. 

Finally, it’s a good time to remind you, our readers, of the Latin saying “verba volant scripta manent”, 
which justifies publishing so many written words that otherwise would have been forgotten. By pro-
ducing these pieces, our purpose was to preserve the informal records of the lives and work of featured 
physician-scientists; and by transforming their verbal testimonials into written documents, leave a 
permanent trace of their activities for future generations in the archives of HAZU.

Marko Pećina
Ivan Damjanov

ESSAY - INTERVIEWS
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1. How did you decide to study medicine?

This is a complicated question with a simple answer – I had to make my choice. The classical “gymna-
sium” type high school provided me with excellent general education but with only one path forward 
which was to decide about the graduate school. It was probably a mix of multiple interests, affection 
for working with people, and the family environment I grew with both parents biologists who opened 
for me the world of life and natural sciences. So, in the fall of 1974 I applied to medical school at the 
Zagreb university and my life path took a direction I never regretted.  

2. What were your favorite subjects in the preclinical years of your studies? 

Funnily to say, but the most daunting, most challenging, most demanding, and stressful course was 
human anatomy which was in the end the one which resulted with most impactful and colorful mem-
ories on the medical school years. It is probably because it was all first, first real serious medical subject, 
first colloquia, first exams, first encounter with human mortality and the glorious construct of human 
body. Legacies of Drago Perović and Jelena Krmpotić were felt everywhere, and professors, instructors, 
and colleagues all were great and inspiring. It became a matter of honor and duty for me to take on the 
teaching next generations and after passing the anatomy exam in 1976 I served as a student assistant at 
the Anatomy Department in Zagreb. 

3. Who were your favorite professors?

There are many. All left their trace and impact on my career. My experience is skewed, and personal 
and singling ones would do great injustice to others. I am incredibly proud and grateful to my medical 
school for the education, love for medicine and dedication to clinical sciences which armed me so well 
for the next stages in my life. 

4. Any memorable events from those days? Any anecdotes that you like to tell to your students and 
trainees?

The whole medical school experience is joyful and memorable despite very hard work and so many 
beautiful sunny weekends and long nights spent at the desk studying. My goal was always to get all 
exams done by July 15 so I could enjoy the summer months doing other things than medicine – that 
was one of best decisions im my life and time no one could ever have given me back.

5. Which clinical subjects and professors impressed you the most? Any stories about them?

Since you are pressing me :-) - The immunology group at the Department of Physiology was just fabu-
lous. Again, singling out specific names does so much injustice to anyone I might forget. I call them 
Zagreb Immunology School - professors Allegretti, Culo, Dekaris, Marušić, Taradi, Silobrčić, Vitale, 
Malenica, Boranić, Kaštelan and many others. It all collectively provided foundations and competitive 
advantage for the excellence and great achievements in the realm of organ and tissues transplantation 
in Croatia. During the strict clinical years in medical school which I can place in the period 1977-
1979 my most memorable experiences relate to working with Professor Dr. Ivan Kuvačić on studying 
hematologic derangements during the pregnancy which laid foundations for my subsequent interest in 
hematology. 

Steven Zivko Pavletic Interview

Steven Živko Pavletić, MD, 
Professor

National Cancer Institute, 
NIH, Bethesda, MD

Chief, Graft-versus-Host and 
Late effects Section 

Clinical Director, Myeloid 
Malignancy Program 

National Cancer Institute, 
National Institutes of Health

Bethesda, Maryland 

e-mail: pavletis@mail.nih.gov
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Figure 1. Steven Živko Pavletić and Boris Labar at the Department for bone marrow 
transplantation at the Clinical Hospital Center Rebro, 1986.

6. How did you study for the clinical examinations?

Studying for clinical examinations was the easiest and most 
enjoyable part of medical school. This is probably truth for most 
medical students. Just lots of reading but also lots of hands on 
at the bedside talking to real patients who all have been typically 
very grateful and friendly to us students. My favorite and most 
memorable clinical subject was internal medicine propaedeutics 
– introduction to internal medicine world which amazed me 
and served so well for the rest of my career. My most memorable 
clinical exam was the internal medicine which took place at the 
site of renowned Institute for Diabetes “Vuk Vrhovac” with the 
legendary professor Zdenko Škrabalo and his at that time junior 
associate professor Mate Granić. It was an exam for which I 
prepared by far the most of all clinical examinations. 

7. How did you decide to become an oncologist?

Your questions are pointed so well since oncology is leaning 
inseparably on internal medicine. I always tell my fellows trainees 
– one cannot be a good oncologist unless you are already a great 
internist. By the same analogy – one cannot be a great clinical 
investigator unless you are already a superb oncologist. During 
my first job at the Center for Medical Sciences of the Zagreb 
University Medical Center (KBC) in 1980-1984 I had an op-
portunity to visit the famous National Cancer Institute in Milan 
and was able to meet in person with the director and the breast 
cancer surgeon Professor Umberto Veronesi. During those visits 
I also got to know Professor Alberto Costa who directed newly 

founded European School of Oncology which goal was to pro-
mote multidisciplinary oncology education across Europe. These 
inspiring events were driving my subsequent quest to apply the 
new field of medical oncology to Croatia. It took me couple 
years to find the fertile ground for these ideas which I found in 
1986 when as the internal medicine resident joined Professor Bo-
ris Labar at the Division of Oncology, Clinical Hospital Center 
Rebro. What followed was an amazing life-long collaboration 
and focus to find cures for hematologic cancers.  

8. What were your first experiences in the hospital after 
graduation? 

My first real hospital work experiences are linked to the period of 
1985-1988 when I was an internal medicine resident at the Clin-
ical Hospital Center Rebro. I enjoyed and absorbed each hospital 
rotation. I was waiting for this since my graduation from medical 
school in 1979. In those days it was very difficult to get a job as 
a resident in any medical specialty straight out of medical school. 
There was a mandatory requirement two years in primary care 
after graduation and those jobs were also very difficult to find. I 
was fortunate to be selected for the Center for Medical Sciences, 
KBC Rebro which was nascent under direction of Dr Goran 
Piljac. There I was able to fulfill this 2-year requirement under 
auspices of occupational medicine. There was also one obliga-
tory year 1983-1984 I had to serve in the military. So finally in 
1985 I was able to do what I have been so eagerly waiting for – 
to start a specialization in clinical medicine. First 18 months at 
KBC Rebro was a period of soul searching and I spent gratifying 
months with two groups – one was Division of Gastroenterol-
ogy where at the time Professor Boris Vucelic returned to from 
the United States and taught me state of the art which served me 
very well in my subsequent career in dealing with gastrointestinal 
and liver complications in patients with graft-versus-host disease 
(GVHD). The other was time spent at the Division of Clinical 
Immunology with Professor Zvonimir Horvat which experiences 
served me exceptionally well to learn about autoimmune disease 
and what dysregulated lymphocytes and immune system can do 
to the patient. 

9. How did you come to America?

During my years as the internal medicine resident and especially 
after joining Professor Labar’s group in 1986 it became clear that 
America, specifically United States, was a place where most im-
portant advances in clinical medicine come from. America is also 
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where medical oncology specialty started and the home of clinical 
bone marrow transplantation. There was a need for my own con-
tinuing subspecialty education. Also, Zagreb hematology center 
needed international integration and recognition if we wanted 
to grow to the world class excellence. These two tendencies were 
well met by Professor Boris Labar who was then a new Divi-
sion of Hematology chief. Boris embraced me and entrusted me 
boldly while I was only a second-year internal medicine resident 
and we decided to join hands and embark on organizing the first 
international meeting “New Trends in the Treatment of Acute 
Leukemia” held in 1987 in Dubrovnik under the auspices of the 
European School of Oncology in Milan. Therefore, Dubrovnik 
was again a very special place in our history, this time for Croa-
tian hematology. Credit goes also to my colleagues Drs Mirando 
Mrsić, Damir Nemet, Vinko Bogdanić, Ranka Serventi and oth-

ers for continuing these meetings tradition including during the 
Croatian War of Independence when this conference was held 
temporarily in Zagreb and Brijuni until 1998 when it returned 
back to the free Croatian Dubrovnik. During the 2nd conference 
in 1989 I was approached by Professor Dean Buckner of Seattle, 
who invited me to join their team for a combined clinical and 
research bone marrow transplant fellowship. In 1990 Professor 
E. Donnall Thomas of Seattle received Nobel Prize for Medicine 
specifically for the development of clinical allogeneic bone mar-
row transplantation. It was hard to resist excitement seeing with 
my own eyes big crowds of people and journalist that October 
day in front of the old Fred Hutchinson Cancer Research Center. 

10. How did the practice of medicine in the US differ from the 
medical practice in Croatia those days? 

Arriving to US from Croatia in January 1990 felt as if coming 
from a different planet. Deep differences existed between the 
societies, levels of economic development, political and financial 
systems and between the health care systems. This was also the 
time before internet and cell phones and when traveling and 
access to lates publications were much more restricted primarily 
due to financial constraints. Also, this was the time when the lev-
el of English literacy was very low among medical professionals 
in Croatia which was oppositely proportional to the widespread 
level of smoking cigarettes in the hospitals by physicians and 
staff. All these are unthinkable today when my junior colleagues 
come and visit form Croatia with impeccable English and all 
seamlessly blend instantly into the daily US clinical routine. 
Of importance, they put me to serve on clinical transplant ser-
vice at the Fed Hutchison Cancer Research Center three weeks 
after I arrived at Seattle in 1990. It became immediately obvious 
to me in which areas our medical training in Zagreb was good 
and where we were deficient. In anything what related to hema-
tology and bone marrow transplant I was able to immediately 
excel and participate in. Similarly, was when it came to the areas 
of internal medicine such as gastroenterology, hepatology, clini-
cal immunology, endocrinology, nephrology, cardiology. Areas 
where our internal medicine training was deficient at that time 
were pulmonology, critical care medicine, neurology, infectious 
disease, and anything what relates to “hands on” procedures. 

11. What were the salient moments during your fellowship at 
the Fred Hutchinson Cancer Center of the University of 
Washington in Seattle?

There are many. It was a whole new world experience. The most 
important is the realization of how the clinical research is inte-
grated into day-to-day medical care. This is not only about the 
differences in resources but about values system, dedication, and 
organization of the work. The other is the high level of independ-
ence and responsibilities expected from residents, and fellows 

Figure 2. Steven Živko Pavletić, one of the presenters at the 1998 meeting entitled 
New Trends in the Treatment of Acute Leukemia. The meeting was held at the newly 

renovated Hotel Excelsior in Dubrovnik. 
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when it comes to medical practice. Other differences include the 
central role of the clinical pharmacist on the unit, existence of 
“mid-level practitioners” such as physician assistants, high pro-
ficiency and independence by nursing staff and the existence of 
research nurses at center of clinical research protocols implemen-
tation. These are all are major differences that still exist between 
US and European academic medical centers. 
When it comes to specific salient moments – I can mention two 
form the very early days in Seattle. First is my first night on call 
when I was still jet lagged. A very sick intensive care patient on 
ventilator and hemodialysis support experienced cardiac arrest. 
I already mentioned my limited expertise with the critical care 
medicine I had in Croatia at that time. Thanks God the nurses 
knew what to do! – enough said and never repeated. I decided in 
a moment to become the best intensive care doctor medicine has 
ever seen! We also did experience a first ever in history respira-
tory syncytial virus in hospital spread among transplant patients 
in February of 1990 which was memorable and does resonate too 
nowadays. 
Finally, it is to be noted that my fellowship also included two 
years of laboratory work on a tumor immunology project with 
my former mentor Alex Fefer who became famous on conduct-
ing first identical twin transplants for leukemia. I had zero 
laboratory research experience when I started my fellowship and 
naturally it was a challenge. I am glad in the end we published 
a well referenced paper on the potential role of interleukin-7 
in immunotherapy. (Pavletic Z, Benyunes MC, Thompson JA, 
Lindgren CG, Massumoto C, Alderson MR, Buckner CD, Fefer 

A. Induction by interleukin-7 of lymphokine-activated killer 
activity in lymphocytes from autologous and syngeneic marrow 
transplant recipients before and after systemic interleukin-2 ther-
apy. Exp Hematol. 1993 Sep;21(10):1371-8. PMID: 8359237.)

12. What did you accomplish during those Fellowship years?

In the US I did two fellowships. First was the bone marrow 
transplant fellowship in Seattle at the Fred Hutchinson Cancer 
Research Center and the University of Washington. This fellow-
ship at one of the top US academic medical centers taught me 
how to integrate clinical research in clinical medicine and back. 
This stay in Seattle also allowed me to train at the best place in 
the world for the area of my academic interests. The knowledge, 
contacts, mentors, and peers I got to know carried me further 
through the rest of my career. Second fellowship was at the Uni-
versity of Nebraska Medical Center in Omaha in Medical Oncol-
ogy. This fellowship allowed me to become a trained oncologist 
and learn about all cancers beyond hematologic malignancies. 
Years of my US training 1990-1997 prepared me well for what 
was to come next. 

13. Why did you choose hematology? Did you have role 
models or important mentors?

As they say, in life, you follow your heart, do the hard work and 
follow the opportunities which start coming your way. From my 
medical school I had that natural intention to help people and 
hopefully play a role in moving the progress forward. Initially 
as the medical student the research path led me to the field of 
pathology of pregnancy which encapsulated some of the most 
challenging complex entities in medicine. It is also a field which 
allowed me to share with people some of their most joyful and 
scary moments in life and ultimately being able to help. My first 
original paper was “Changes of the blood picture in pregnancy” 
published in “Medicinar” with my mentor Dr. Ivan Kuvacic. 
As my interests have shifted toward the oncology, I was look-
ing for the best opportunities during my internal medicine 
residency at the Clinical Hospital Center Rebro. At the time the 
Rebro team under leadership of Dr Boris Labar and Dr Vinko 
Bogdanić started doing some of the fist allogeneic bone marrow 
transplants for leukemia in that part of the world. Being selected 
to join that team in 1986 was defining moment for my career. 
I also had an opportunity to graduate in 1988 from one of the 
first classes of the new hematology postgraduate training while 
in Zagreb. Some other hematologist mentors at the time I want 
to give credit to include Drs Damir Nemet, Zvonimir Čepelja, 
and Branko Jakšić. I need to mention also one of the greatest 
hematologists of all the times, my mentor at the University of 
Nebraska Medical Center, Professor James Armitage. He taught 
me about hematology, lymphoma, transplantation and how to 
organize successful academic leadership. 

Figure 3. C. Dean Buckner, collaborator of the Nobel Prize winner ED Thomas at 
the Fred Hutchinson Cancer Research Center, University of Washington in Seattle, 

WA. He invited Živko Pavletić to move to Seattle and take a position 
within his Department.
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14. From Seattle you moved to University of Nebraska Medical 
Center, Omaha, Nebraska where you became Director of 
the Allogeneic Stem Cell Transplantation. What did this 
new job offer you that you did not have in Seattle?

When I moved to Omaha, at the University of Nebraska in 1992 
this bone marrow transplant center was in the zenith of one of 
the most important paradigms shifts in the history of bone mar-
row transplants. Namely until 1992, about 25 years into modern 
bone marrow transplants history, the central dogma was that the 
“real” pluripotent hematopoietic stem cells could be obtained 
only from the bone marrow. This belief has been proven wrong 
through the works of Drs Anne Kessinger and James Armit-
age at the University of Nebraska Medical Center in Omaha 
who first in the US started using successful transplants from 
cells obtained through peripheral blood veins instead from the 
bone marrow harvests. Multiple advantages are associated with 
such approach which include faster recovery of hematopoiesis 
after transplant, shorter hospital stays and no need for general 
anesthesia since now blood cells could be collected through the 
veins by a procedure called leukapheresis. Such transplants were 
initially performed for obtaining autologous hematopoietic stem 
cells from lymphoma patients and around 1995 it became also 
routine for collecting stem cells from allogeneic healthy donors. 
When I became senior faculty and later the allogeneic program 
director in Omaha that center was one of the few world centers 
experienced in using allogeneic peripheral blood for transplanta-
tion. These experiences surpassed at the time the experiences 
of the center in Seattle and opened unprecedented opportuni-
ties for my professional development. The successes of this new 
approach to transplantation did not come without a cost as it 
was noted that such patients were at higher risk of developing a 
late post-transplant immunological complication called chronic 
GVHD, which became focus area of my academic research in 
years to come.  

15. What did you accomplish in Omaha, Nebraska?

My ten years in Omaha from 1992-2002 were the most impor-
tant formative years in preparations for what was to become my 
career at the National Cancer Institute, National Institutes of 
Health. I became very proficient and comfortable in managing 
the most complicated medical conditions including critically ill, 
post-transplant and cancer patients. Also, I was able to partici-
pate in some most exciting clinical research developments in the 
field of cell transplantation at the time. My American academic 
publications productivity truly took off after I joined faculty in 
Omaha. Some pioneering papers from that time include first 
publications of the experiences with using allogeneic peripheral 
blood stem cells for patients with leukemia and lymphoma, also 
first reports of autologous and allogeneic stem cell transplants for 
chronic lymphocytic leukemia. We also started successfully one 
of the few transplant programs for patients with autoimmune 
diseases including rheumatoid arthritis and multiple sclerosis. 
The 10-year stay in American Midwest was also a very gratify-
ing experience from my personal and family point of view. An 
excellent medical center, affluent city with the famous investor 
Warren Buffett on the helm of philanthropy, two medical schools 
and great people. There is also an impressive Croatian Cultural 
Center to be found in Omaha with the Croatian flag visible high 
in the middle of the cornfields. When one crosses the Nebraska 
border with the car the state slogan says, “Welcome to Nebraska – 
Good life”. 

Figure 4. Steven Živko Pavletić and Georgia Vogelsang of the Johns Hopkins 
University, Baltimore, MD. The two of them were instrumental in starting an NIH 

program dealing with the chronic GVHD.

Figure 5. Key paper about the transplantation of peripheral blood derived stem cells 
was published in the Journal of Clinical Oncology.
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Figure 6. Steven Živko Pavletić at the NCI, where 
he became Director of the Department for the study 

of the GVHD and autoimmune diseases. 

Figure 7. Multidisciplinary model for the study of 
the chronic GVHD as developed by the research 

group at the NIH. 

Figure 8. Director of the NCI John Niederhuber 
presenting the Director’s Award to Steven Živko 

Pavletić, who earned it for his work on the 
chronic GVHD.
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16. As a non-American how did you become a member of the 
most prestigious American Alpha-Omega-Alpha Society?

This is an award dearest to my heart as it transcends my connec-
tion both with America and with medicine. Alpha Omega Al-
pha Honor Medical Society (AΩA) is an honor society in the field 
of medicine and has active chapters in more than 130 accredited 
medical schools in the United States. Most new members are top 
10 percentile students elected in their final year of medical school, 
but distinguished teachers, faculty members, residents, and alumni 
can also be exceptionally inducted into the society. All elections are 
held at local Chapters. The AΩA motto is, “Be Worthy to Serve 
the Suffering.” I was elected in 1993 as the internal medicine resi-
dent as the only one in the class. Out of about 4000 members in-
duced to AΩA each year, and it is almost unheard of to be elected 
as non-American medical schools graduate. Therefore, I take it as 
very special and unique recognition both to me and to my medical 
school in Zagreb alma mater. It is the reminder on how in America 
everything is possible and “sky is not the limit”. 

17. How did you decide to move to the National Cancer 
Institute, Bethesda, Maryland?

This move came as a natural evolution in my career. It is useful 
to know that National Cancer Institute (NCI) is the largest 
institute out of 27 institutes at the National Institutes of Health 
(NIH) which is a 45-billion-dollar agency of the US government 
dedicated to funding of the biomedical research. I consider NIH 
the best American invention which was instrumental in initiating 
most advances in medicine over last 60 years. NCI has also an 
independent funding status among the NIH due to the National 
Cancer Act that defines a special commitment of the US govern-
ment to addressing cancer as the major public health problem. 
Each NIH institute has an “extramural” and an “intramural” 
portion. The “extramural” programs consume about 85% of the 
NIH budget which goes for funding of the biomedical research 
across the US through the competitive peer reviewed grants 
review mechanism. The “intramural” program of each NIH 
institute is located at the NIH center in Bethesda, Maryland in 

Figure 9. The meeting of the Society Croatian Hour [Hrvatska ura (HURA)], which was founded in 2010 by Steven Živko Pavletić. 
The participants – starting from the left: Jadranka Stević, don Dubravko Turalija, Helena Skračić, Filip Pirsl, Vice Skračić, Katija Jeličić, Steven 

Živko Pavletić, Masenjka Katić, Juraj Radić, Tanja Holtzapple, Kate Suryan, Ankica Pavlić, Branka Slavica, and Margareta Habazin. 
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the suburbs of the Washington DC. NIH clinical center is the 
largest hospital in the world which is completely dedicated to 
medical research. This is not a very big hospital, maybe 200-
250 beds with a large outpatient clinic. For a patient to receive 
medical care at the NIH Clinical Center it is a requirement 
to be enrolled on a clinical research protocol. However, if a 
patient is eligible and gets enrolled on a clinical protocol at the 
NIH, from that point all costs of medical treatments are paid 
for by the US government. In sum, it is the best place in the 
world to practice academic clinical research devoid of com-
mercial pressures. There are no excuses for failure and the only 
marching order is to do something great what will make the 
difference in patient’s lives. In 1999 intramural NCI decided to 
establish a new bone marrow transplant clinical program and as 
part of that series of recruitments in 2001 I received the invita-
tion to join the team. For me it was an opportunity impossible 
to resist to. Moving family from Omaha to Washington DC 
area was not easy but, as I often tell my junior associates – each 
move is worth the effort if is a good move. In 2002 I took the 
job at the NCI in Bethesda NIH Clinical Center where I am 
still working today. 

18.Did the leaders of NCI recruit you for a special function or 
were you allowed to define your own agenda?

This was a mutual agreement driven by my own academic 
interests and the new center needs for experienced bone marrow 
transplant faculty who could assume leadership positions in the 
new program. Accordingly, I was appointed to lead the newly 
formed section for Graft-versus-Host disease and autoimmunity. 

19. In 2003 you established the trans-NIH multi-institute 
clinical research program in chronic graft-versus-host disease 
(GVHD)? How was this research program conceived?

The establishment of the inter-institute NIH chronic GVHD 
study group in 2003 is one of the great examples of why the 
NIH intramural research program exists. The goal of the intra-
mural NIH research program is to address difficult problems in 
medicine which the extramural academic medical community 
is having hard time to address. Typically, such problems include 
rare disease, complex disease or disease which need urgent atten-
tion. In 2003 allogeneic hematopoietic stem cell transplantation 
became a well-established form of curative immunotherapy for 
hematologic cancers. Numbers of transplants have been stead-
ily growing and due to improving safety of these procedures 
increasing number of patients have become long term survivors. 
About 50% of them developed new disease in medicine, chronic 
iatrogenic induced cGVHD. This autoimmune complication is 
mediated by the newly transplanted donor derived immune sys-
tem which is attacking the transplant recipient. Patients develop 
chronic symptoms in multiple organs including skin, eyes, oral 
mucosa, lungs, genitalia, gastrointestinal tract, liver, joints and 
fascia. Such symptoms are chronic and disabling and severely 
affect patients quality of life and cause excess mortality. Patients 
are cured from leukemia and then must suffer from a new disease 
instead. In 2003 there were no new therapies being developed 
for cGVHD, there was limited understanding of disease biol-
ogy, there were no standard criteria for diagnosis or response 
assessments and there were no Food and Drug Administration 
approved therapies. It was obvious that something better was 
supposed to be done to address cGVHD and the intramural 
NIH and NCI with multidisciplinary clinical and laboratory 
research expertise was the ideal place for starting such program.

20. Your interest in GVHD led you to become the Chair of 
the 2005, 2014 and 2020 NIH chronic GVHD consensus 
projects. What did you accomplish in that position? 

Series of the three NIH consensus conferences set the stage for 
prospective preclinical and clinical research focused on cGVHD. 
We brough all stakeholders at the table representing both the 
US and international transplant community. These projects are 
a textbook model example of how to approach addressing a new 
disease in medicine. The first conference held in 2005 at the 
NIH was an expert opinion driven and provided standardized 
definitions for cGVHD diagnosis, staging, histopathology, sup-
portive care, biomarkers development, therapy response criteria, 
and the design of clinical trials. Prospective studies which fol-
lowed led to the 2014 conference which was evidence-based and 
provided refinements and revisions of the original criteria. These 
advances set the stage for the clinical translation and the first in 
history US Food and Drug Administration approval of novel 

Figure 10. Steven Živko Pavletić and Boris Labar at the meeting held in Dubrovnik 
in 2011 under the title New Trends in the Treatment of Acute Leukemia. Their 

collaboration began many years earlier, and continues with good results. 
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agents for cGVHD in 2017 (ibrutinib, a BTK and ITK inhibi-
tor). Two subsequent approvals followed in 2021 (belumosudil, 
a ROCK2 inhibitor and ruxolitinib a JAK1/2 inhibitor). These 
approvals would not have been possible without the methodi-
cal work and leadership which started in 2003 at the NIH. The 
most recent cGVHD NIH consensus conference held in 2020 as 
a three-day virtual event put forward new concepts for preven-
tion and therapy which may ultimately lead to effective personal-
ized treatments and elimination of this devastating problem in 
cancer survivors. The 18 original papers published by the NIH 
consensus conferences since 2005 became some of the most 
referenced in the transplant literature.  

form the precision medicine task force to which I was invited to 
participate. In contrast to usual term limits on the standard com-
mittees invited experts on such task force had an open mandate 
to set the agenda. Very soon into these discussions a decision was 
made to form an offshoot task force to focus on equally rapidly 
emerging field of genetically engineered T cell therapies for 
hematologic cancers (CAR T). Dr. Sophie Paczesny of Indiana 
University and myself were appointed as co-chairs. Several initia-
tives came to fruition because of this effort, including newly 
organized resources for patient referrals, organization of the first 
ASH summit in immunotherapies and thematic publications in 
leading hematology journals. My favorite accomplishment was 
the participation in the development of the new ASTCT consen-
sus guidelines for CAR T toxicities (cytokine release syndrome 
and neurotoxicity) which was published in 2019 and is currently 
one of top referenced and accessed papers in the hematopoi-
etic stem cell transplant literature. ( Lee DW, Santomasso BD, 
Locke FL, Ghobadi A, Turtle CJ, Brudno JN, Maus MV, Park 
JH, Mead E, Pavletic S, Go WY, Eldjerou L, Gardner RA, Frey 
N, Curran KJ, Peggs K, Pasquini M, DiPersio JF, van den Brink 
MRM, Komanduri KV, Grupp SA, Neelapu SS. ASTCT Con-
sensus Grading for Cytokine Release Syndrome and Neurologic 
Toxicity Associated with Immune Effector Cells. Biol Blood 
Marrow Transplant. 2019 Apr;25(4):625-638. doi: 10.1016/j.
bbmt.2018.12.758. Epub 2018 Dec 25. PMID: 30592986.) The 
success of Task Force for Immunotherapies prompted ASH in 
2020 to transform this newly formed ad hoc group into a regular 
standing subcommittee. 

22. What are your current major responsibilities at the NCI?

I serve as the GVHD and Late Effects section chief and continue 
to direct the NIH chronic GVHD trans-institute study group. In 
2020 I was also appointed as the clinical director of a new NIH in-
tramural myeloid malignancy program with primary goal to focus 
on myelodysplastic syndrome which is a type of a common bone 
marrow cancer for which there are no curative treatments besides 
allogeneic hematopoietic stem cell transplant. The bulk of my 
time is spent by being the principal investigator on numerous new 
therapies clinical protocols for chronic GVHD and for myelodys-
plastic syndromes. These engagements include work with patients, 
administrative and teaching responsibilities, mentoring trainees 
and numerous collaborative and publications initiatives. 

23. Lets discuss some statistics: How many papers, including 
review articles and book chapters or books did you publish? 
How many times have your papers been cited according to 
the Science Citation Index? What is your h-index?

I cannot give you a precise answer, but the best short answer 
would be as follows: I have some 250 primary publications in ad-
diton to approximately 50 review articles. Google Scholar reports 

Figure 11. The April 2022 meeting of the American–Croatian Forum, which was 
attended by Steven Živko Pavletić, President and founder of ACAP (Association 
of Croatian American Professionals) and the principal force behind the Croatian 

Healthcare Tourism Initiative. The participants of the meeting (from the left): 
Don Markušić, Jeana Havidich, Goran Krstačić, Živko Pavletić, 

Mirjana Semenić-Rutko, and Mašenjka Katić. 

21. Thereafter you became the Chair of the American Society 
of Hematology Immunotherapy Task Force. What did this 
task force have on its agenda?

This was a gratifying and interesting experiment both for Ameri-
can Society of Hematology (ASH) and me personally. Around 
2017 we witnessed the explosion of data and information about 
genetic mutations in leukemia patients. Understanding of which 
of those mutations are important and which could be potentially 
used as diagnostic tools or novel therapeutic targets, was lag-
ging. To rapidly addressed these new challenges ASH decided to 
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that my h-index is 75. For more details interested readers could 
find the current details about my publications on https://scholar.
google.com/citations?user=Q39FQWcAAAAJ&hl=en

24. What is your most important, or for that matter most 
favorite, paper?

The paper I am most fond of is: Measuring therapeutic response 
in chronic graft-versus-host disease: National Institutes of Health 
Consensus Development Project on Criteria for Clinical Tri-
als in Chronic Graft-versus-Host Disease: IV. Response Criteria 
Working Group report. Biol Blood Marrow Transplant. 2006 
Mar;12(3):252-66. doi: 10.1016/j.bbmt.2006.01.008. PMID: 
16503494. This is the first ever paper which comprehensively out-
lined the concept of therapy response criteria in chronic GVHD 
clinical trials. The subsequent iteration in 2014 laid the foundation 
for first in history FDA drug approvals in 2017 and 2021.

25. You have been honored and have received several awards for 
your contributions to hematology and clinical medicine. 
Which ones of these mean the most to you? 

The meaning of the election to the Alpha Omega Alpha Honor 
medical society in 1993 was discussed earlier. The recognition I 
am affectionate about is the election to the Croatian Academy of 
Sciences and Arts as a corresponding member in 2018. I am very 
fond of this fundamental Croatian institution and see its enor-
mous potential in the environment of rapidly evolving societal 
and technological challenges we are facing today. 
The 2006 NCI Director’s award for the accomplishments with the 
NIH chronic GVHD consensus project through the national and 

international effort as also a very special recognition. Finally, an 
award I am very proud of is The Clinical Research Foundation 
2022 finalists for the Top 10 US Clinical Research Achieve-
ment Awards. This award is special since it is given to the whole 
NIH chronic GVHD team for the paper of a novel therapy 
for patients with refractory sclerotic cGVHD. Development of 
Pomalidomide in the Treatment of Chronic Graft-Versus-Host 
Disease, published in Blood in 2021. Curtis LM, Ostojic A, 
Venzon DJ, Holtzman NG, Pirsl F, Kuzmina ZJ, Baird K, Rose 
JJ, Cowen EW, Mays JW, Mitchell SA, Parsons-Wandell L, Joe 
GO, Comis LE, Berger A, Pusic I, Peer CJ, Figg WD, Cao L, 
Gale RP, Hakim FT, Pavletic SZ. A randomized phase 2 trial 
of pomalidomide in subjects failing prior therapy for chronic 
graft-versus-host disease. Blood. 2021 Feb 18;137(7):896-907. 
doi: 10.1182/blood.2020006892. PMID: 32976576; PMCID: 
PMC7918188.

26. You have collaborated with numerous Croatian physicians 
and mentored many of them. Could you summarize these 
activities for us and single out the most important or 
consequential ones. 

During my time in the US these activities become particularly 
abundant after my arrival to the NCI in 2002. Since that time 
about 30 Croatian hematologists and some related specialties 
spent time with me at the NCI for trainings and study visits of 
various durations from several weeks to up to one year. One of 
the first and I am very proud of is Dr. Iskra Pusić who worked 
with me both in Omaha Nebraska and at the NCI, she is now 
the professor at Washington University in St Louis and the leader 
in the field of chronic GVHD. 

Figure 12. The 2017 meeting at the building of the Croatian Academy of Sciences and Arts included Stella Fatović-Ferenčić, Marko Pećina, 
Živko Pavletić, Adriana Jadranka Pavletić, and Pavao Rudan. 
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Most consequential once have been a series of numerous visits 
by the Zagreb faculty which started with one-year fellowships at 
the NCI by Dr Dražen Pulanić in 2009 and Dr Lana Grković-
Desnica in 2010. These culminated in 2013 with the formation 
of the Zagreb chronic GVHD team which without hesitation I 
can call now as one of top two chronic GVHD multidisciplinary 
clinical teams in Europe. This experience validates the model 
of such interactions between diaspora and homeland experts. 
This example provides a proof of principle for establishing such 
continuous circuits of sustainable circulation of knowledge and 

Figure 13. The 2017 meeting at the Croatian Museum of Medicine and Pharmacy 
of the Croatian Academy of Sciences and Arts included the following: Silvija Brkić 
Midžić, museum consultant and Director of the Museum, Marko Pećina, Stella 

Fatović-Ferenčić, Steven Živko Pavletić, and Adriana Jadranka Pavletić. 

Figure 14. Pickleball, a new sport presented in 2017 to the members of the Croatian 
Academy of Sciences and Arts, including Marko Pećina and Vjekoslav Jerolimov. 

people. Today’s means of communication undoubtedly allow 
this. The Zagreb chronic GVHD team proved to be successful in 
all metrics for the academic success which include international 
grants, high impact publications and clinical research productiv-
ity and excellence. 
There are two names of exceptionally brilliant junior people 
whom I spent time with during my years in US. These individu-
als sparked like shooting stars, made a lasting impact on their 
environments and standards of medical practices in Croatia and 
are now unfortunately not anymore with us. First is Dr. Marin 
Nola who can be credited for the renaissance of the lymphoma 
hematopathology diagnostics in Croatia. The other is Dr. Davor-
ka Dušek an exceptionally talented young specialist in infectious 
disease who left us in the fall of 2020 as one of the many unsung 
medical personnel victims of the COVID pandemic. We miss 
them direly as they legacy continues.  

27. As the current President and a cofounder of the Association 
of the Croatian American Professionals, you have promoted 
the collaboration between the physicians in the US Croatian 
diaspora and physicians and other scientists in the mother 
country. What did you manage to accomplish so far? Do you 
have any plans for the future?

Association of the Croatian American Professionals (ACAP) is 
the newest organization of the US Croatian diaspora which was 
founded in 2014. It grew from just 35 members in 2015 to 2300 
in the fall of 2022. ACAP as a non-political and non-religious 
non-profit organization which brings together newer generations 
of Croatian American professional diaspora. All ACAP members 
are high achievers and leaders in their respective areas of endeav-
ors from medicine, science, public policy, arts, finances, law, and 
education. Medicine comprises almost 20% of the US economy 
and many top experts, academicians and health care profession-
als have also Croatian roots. Our goal has been to bring together 
this critical mass and put in service of growing collaborations on 
projects with Croatian counterparts in the areas of education, 
transfer of technology and knowledge, professional development 
of our members and improving the heath and wellbeing of peo-
ple in Croatia. The 7th ACAP annual conference will take place 
for the first-time outside US, in Zagreb on July 5-9, 2023. One 
motto of the conference will be “Croatia a country for healthy 
living”. 

28. I read an article that you are involved in promoting 
Croatian medical tourism. How far did you get so far?

The topic of medical tourism has been a central part of ACAP 
activities as it relates to focus on medicine and medical sciences. 
We use term medical tourism broadly and when applied to Croatia 
we consider a broad spectrum of topics which reach from develop-
ment of better care for cancer patients and physicians education, 
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29. Do you have any hobbies?

I am a passionate pickleball recreational player. My wife Adriana 
and I started playing pickleball in 2014 when there was only 
one club in the area where we live in Maryland, Montgomery 
County. Nowadays pickleball is by far a fastest growing sport in 
America with more than five million players. There are numerous 
places to play indoors and outdoors. Pickleball is a sport in-
vented in America, in Seattle in 1960s and is played on the court 
exact sizes as the badminton court. It gained however increased 
popularity over last 5-10 years and it boomed especially during 
the COVID pandemic. Many celebrities and former tennis play-
ers play pickleball today. It could be described as a ping pong on 
a small tennis court, it is played usually in doubles, with paddles 
and plastic wiffle balls. It is a sport easy to learn, socially interac-
tive and friendly. It is highly recommended for recreation, and it 
will likely become part of year around tourism offerings. 

30. Do you have any advice for the current medical students in 
Croatia? 

Get the best education you can get – and then do something 
with it. 

to development of nursing homes, health resorts, retirement com-
munities and medical wellness. In 2018 ACAP formed the Medical 
Tourism Committee at the Embassy of Croatia in Washington DC, a 
multidisciplinary group of 40 experts who continue to work on 
these topics. We came quite far in the areas of collaborating with 
the Croatian ministries of health and tourism and in June 2022 
we signed a collaborative agreement with the Kvarner Cluster of 
medical tourism to promote jointly an evidence-based pilot project 
in lifestyle medicine and medical wellness at sites in Opatija and 
Crikvenica to be implemented in November 2022. 

Figure 15. Steven Živko Pavletić receiving the 2022 award as one of the authors of 
the 10 best clinical research articles published in the USA in the previous year. In 

this photograph, he is seen with Harry P. Selkerom, President of the Clinical Research 
Forum and Chair of the Clinical Health Forum, as well as Dean of the Tufts Clinical 

and Translational Science Institute, Tufts University, Boston, MA.

Figure 16. The multidisciplinary team from Zagreb formed to study and treat the cGVHD. In the photograph (taken in 2017) – standing (from the left): Lucija Jurišić, Dina 
Ljubas Kelečić, Antonija Babić, Tamara Vukić, Marinka Mravak-Stipetić, Radovan Vrhovac, Zlatko Giljević, Romana Čeović, Nina Šaban, Zinaida Perić, Ervina Bilić, Ernest 

Bilić, Sanja Mazić, Ante Vulić, and Toni Matić. Sitting (from the left): Lejla Kurić, Ranka Serventi Seiwerth, Steven Živko Pavletić, Lana Desnica, and Dražen Pulanić.
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