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Informacje dla autoréw

Informacje ogélne

,Lekarz Wojskowy” jest czasopismem ukazujacym sie nieprzerwanie od 1920 ., obecnie jako kwartalnik wy-
dawany przez Wojskowy Instytut Medyczny w Warszawie.

1. ,Lekarz Wojskowy” zamieszcza prace oryginalne (doswiadczalne i kliniczne), prace pogladowe, donie-
sienia dotyczace zagadnien wojskowych, opracowania deontologiczne, opracowania ciekawych przy-
padkéw klinicznych, artykuty z historii medycyny, prace dotyczace aspektéw prawa medycznego, opisy
wynikéw racjonalizatorskich, wspomnienia posmiertne, listy do Redakgji, oceny ksiazek, streszczenia
(przeglady) artykutéw z czasopism zagranicznych, szczegélnie dotyczacych wojskowej stuzby zdrowia,
sprawozdania ze zjazdéw i konferencji naukowych, komunikaty o zjazdach. Publikacja oryginalna moze
miec takze forme krétkiego doniesienia wstepnego.

2. Kazda praca przed przyjeciem do druku jest oceniana przez dwdch niezaleznych recenzentéw, z zacho-
waniem anonimowosci. Czas na odpowiedz na zaproszenie do recenzji wynosi 7 dni, czas na recenzje
30dni, czas na recenzje poprawionej pracy 14 dni.

3. Przesytajac prace kliniczna, nalezy zadbac o jej zgodnos$¢ z wymogami Deklaracji Helsiriskiej, w szczegol-
nosci o podanie w rozdziale ,Materiat i metody” informacji o zgodzie Komisji Bioetycznej, jak réwniez
o $wiadomej zgodzie chorych na udziat w badaniu. W przypadku wykorzystania wynikéw badan z innych
osrodkéw nalezy to zaznaczyc w tekscie lub podziekowaniu.

4. Autorzy badan klinicznych dotyczacych lekéw (nazwa miedzynarodowa) i procedur medycznych powinni

przedstawic opis finansowania badar i wptywu sponsora na tres¢ publikacji.

. Autor ma obowiazek dostarczy¢ Redakcji zgode wtasciciela ilustracji na ich uzycie w artykule.

Prace nalezy nadsytac przez Editorial System.

Redakcja zwraca sie z prosba do wszystkich autoréw pragnacych zamiesci¢ swe prace natamach ,Lekarza

Wojskowego” o doktadne zapoznanie sie z niniejszymi zasadami i Sciste ich przestrzeganie. Niestosowa-

nie sie do wymagan Redakgji utrudnia redagowanie, zwieksza koszty i opéznia ukazywanie sie prac. Prace

napisane niezgodnie z niniejszymi zasadami nie beda publikowane, a przygotowane niewtasciwie, beda
zwracane autorom w celu ich ponownego opracowania.

Now

Maszynopis wydawniczy

1. Artykuty nalezy przygotowac w edytorze tekstu WORD i przestac przez Editorial System. Tekst musi by¢
napisany czcionka Times New Roman 12 pkt, z podwdjnym odstepem miedzy wierszami (dotyczy to tez
pismiennictwa, tabel, podpiséw itd.). Nowy akapit zaczyna sie od lewego marginesu, bez wciecia akapito-
wego. Nie wstawia sig pustych wierszy miedzy akapitami lub wyliczeniami.

2. Liczba stron maszynopisu (tacznie z tabelami, rycinami i pismiennictwem) nie moze przekracza¢ w przy-
padku prac oryginalnych - 30, pogladowych - 20, kazuistycznych - 10, z historii medycyny - 20, racjonali-
zatorskich - 15 stron. Streszczenia ze zjazdow, kongresow itp. powinny by¢ zwiezte (do 5 stron) i zawiera¢
tylko istotne informacje. W kazdym przypadku pismiennictwo nie powinno zawierac wigecej niz 35 pozycji.

3. Tekst gtéwny (z pismiennictwem) umieszcza sie w odrebnym pliku. Prace oryginalne powinny by¢

przygotowane zgodnie z uktadem: wstep, cel pracy, materiat i metody, wyniki, oméwienie, wnioski, pis-
miennictwo; prace kazuistyczne: wstep, opis przypadku, oméwienie, podsumowanie (wnioski), pismien-
nictwo. Skréty i akronimy powinny by¢ objasnione w tekscie przy pierwszym uzyciu, a potem konse-
kwentnie stosowane.

. W tekscie gtéwnym nalezy zaznaczy¢ miejsca wtamania rycin i tabel, np.: ,na rycinie 1", ,(tab. 1)".

. Tabele, ryciny i zdjecia zatacza sie w osobnych plikach. Liczbe tabel nalezy ograniczy¢ do minimum. Zdje-

cia cyfrowe powinny miec¢ min. rozdzielczos¢ 300 dpi.

6. Prace powinny by¢ przygotowane starannie i zgodnie z zasadami pisowni polskiej, ze szczegélna dbato-
$cig o komunikatywnosc i polskie mianownictwo medyczne. Teksty niespetniajace tych kryteriéw beda
odsytane do poprawy.

7. Informacje afiliacyjne: imie i nazwisko autora lub autoréw (maks. 10 oséb), z tytutami naukowymi,
petna nazwe zaktadu (zaktadéw) pracy umieszcza sie w programie Editorial System. Nalezy wskazaé
takze autora do korespondencji. Nie nalezy zamieszczac tych informacji bezposrednio w wysytanym
manuskrypcie.

8. Streszczenie (do 250 stéw) w jezyku polskim lub angielskim, ze stowami kluczowymi w jezyku polskim
iangielskim, takze nalezy zataczy¢ w programie Editorial System. Nie nalezy umieszczac streszczenia do-
datkowo w pliku manuskryptu.

9. Pismiennictwo powinno by¢ utozone zgodnie z kolejnoscia pojawiania sie odsytaczy w tekscie. Jesli ar-
tykut ma nie wiecej niz czterech autoréw, nalezy podac nazwiska wszystkich, jesli autoréw jest wiecej -
trzech pierwszych, z dopiskiem ,et al” Numeracje pismiennictwa nalezy wprowadzac z klawiatury, nie
korzystajac z mozliwosci automatycznego numerowania. Przyktady cytowan:

Artykuty z czasopism:

Calpin C, Macarthur C, Stephens D, et al. Effectiveness of prophylactic inhaled steroids in childhood
asthma: a systemic review of the literature. J Allergy Clin Immunol, 1997; 100: 452-457. doi: 10.1016/
s0091-6749(97)70134-9

Ksiazki:
Rudzki E. Alergia na leki: z uwzglednieniem odczynéw anafilaktycznych i idiosynkrazji. Lublin, Wydaw-
nictwo Czelej, 2002

Rozdziaty ksiazki:

Wantz GE. Groin hernia. In: Cameron JJ, ed. Current surgical theraphy. St Louis, Mosby, 1998: 557-561
W wykazie pismiennictwa nalezy uwzglednic tylko te prace, z ktérych autor korzystat, a ich liczbe nalezy
ograniczy¢ do 35. W tekscie artykutu nalezy sie powotac¢ na wszystkie wykorzystane pozycje pismiennic-
twa, a numer pismiennictwa umiesci¢ w nawiasie kwadratowym. Tytuty nalezy kopiowac z medycznych
baz danych w celu uniknigcia pomytek.

10. Przestany artykut musi spetniac kryteria zgody na publikacje zgodnie z zasadami przyjetymi w jed-
nostce afiliacyjnej autora. Do pracy nalezy dotaczy¢: oswiadczenie, ze praca nie zostata wczesniej
opublikowana i nie jest ztozona do innego czasopisma, oswiadczenie o konflikcie intereséw oraz
ewentualne podzigkowanie.

11. Redakcja zastrzega sobie prawo poprawienia mianownictwa i usterek stylistycznych oraz dokonanie
skrétéw bez uzgodnienia z autorem.

12. W przypadku nieprzyjecia pracy do publikacji Redakcja poinformuje autora pisemnie o takiej decyzji.
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Zasady etyki publikacyjnej

1. Czasopismo ,Lekarz Wojskowy” stosuje zasady etyki publikacyjnej majace na celu przeciwdziatanie nie-
uczciwym praktykom.

2. Materiaty zgtoszone Redakdji ,Lekarza Wojskowego” do publikacji sa weryfikowane pod katem zgodno-
$ci z zasadami etyki wydawniczej, opisanymi m.in. w nastepujacych dokumentach:

1) wytyczne Komitetu ds. Etyki Publikacyjnej (Committee on Publication Ethics - COPE), ,Kodeks etyki
pracownika naukowego” (opracowany przez Komisje ds. Etyki w Nauce, wydanie drugie, PAN, War-
szawa 2017);

,Dobre praktyki w procedurach recenzyjnych w nauce” (opracowane przez Zespét ds. Etyki w Nauce,
ktéry doradzat Ministrowi Nauki i Szkolnictwa Wyzszego w latach 2009-2010);
3) ,Rzetelnos¢ w badaniach naukowych oraz poszanowanie wtasnosci intelektualnej” (Warszawa, 2012,
MNiISW).
3. Redakcja,Lekarza Wojskowego” w szczegolnosci:

1) przeciwdziata zjawiskom ghostwritingu oraz guest authorshipu, ktére sa przejawem nierzetelnosci
naukowej;
przestrzega przepiséw prawa autorskiego zgodnie z ustawa z dnia 4 lutego 1994 r. o prawie autor-
skim i prawach pokrewnych (Dz. U.z 2021 r. poz. 1062, z p6zn.zm.);
doktada nalezytej starannosci, by zapobiegac plagiatom i autoplagiatom poprzez stosowanie systemu
antyplagiatowego Crossref Similarity Check, przy uzyciu oprogramowania iThenticate;
ma prawo wycofac tekst (nawet po opublikowaniu), jesli istnieja dowody $wiadczace o braku wiary-
godnosci wynikow badan i/lub fatszowaniu danych i/lub praca nosi znamiona plagiatu albo narusza
zasady etyki wydawniczej;

z chwilg wykrycia nieuczciwych praktyk jest zobowiazana:
a) skierowac sprawe do Rzecznika Dyscyplinarnego WIM, jesli dotyczy utworu pracownika naukowego;
b) w uzasadnionych przypadkach niezwtocznie informowac o tych praktykach stosowne instytucje
naukowe, jak réwniez odpowiednie organy scigania;
6) zapewnia profesjonalny proces wydawniczy;
7) zapewnia poufnos$c i bezpieczenstwo przetwarzania danych osobowych zgodnie z obowiazujacymi
przepisami (m.in. RODO).
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Information for the authors

General information

“Military Physician” has been published continuously since 1920, currently as a quarterly of the Military In-
stitute of Medicine in Warsaw, Poland.

1. “Military Physician” publishes original (experimental and clinical) articles, reviews, reports on military
issues, deontological papers, interesting case reports, articles on the history of medicine, descriptions
of rationalisation results, posthumous memoirs, letters to the editor, book reviews, article (reviews)
summaries from international journals particularly on military health service, reports on meetings and
scientific conferences, and announcements of events. An original publication may also have the form of
ashort temporary report.

2. Before publication, each article is reviewed by 2 independent reviewers while maintaining anonymity.
The time to respond to a review invitation is 7 days, the time to complete a review is 30 days, and the time
to complete the review of a corrected article is 14 days.

3. Aclinical article for submission should be in accordance with the requirements of the Declaration of
Helsinki, and the “Material and methods” section should contain both information on the approval of the
Bioethical Committee and the patients’ informed consent to participate in the study. In the case of using
the results of studies conducted by other centres, such information should appear either in the text or in
the acknowledgements.

4. Authors of clinical studies on medications (international name) and medical procedures should provide
adescription of the research funding and the influence of the sponsor on the content of the publication.

5. The author must provide the editorial board with the consent of the owner of an image to use the image
inanarticle.

. Please submit your article using the Editorial System.

. All authors who wish to publish their papers in Military Physician are asked to carefully read and strictly
follow the guidelines listed below. Failure to follow the requirements of the Editorial Board makes editing
more difficult, increases costs and delays publication. Manuscripts not meeting the requirements will not
be published, and those considered inadequately prepared will be returned to the authors for revision.

No

Manuscript

1. Articles should be in MS Word and sent by Editorial System. The text must be written in Times New Ro-
man 12 point font, double spaced (this also applies to references, tables, captions, etc.). A new paragraph
should be started from the left margin without paragraph indentation. Please do not insert blank lines
between paragraphs or enumerations.

2. The number of pages of the manuscript (including tables, figures and references) cannot exceed 30 pages
for original articles, 20 for review articles, 10 for reports, 20 for articles on the history of medicine and 15
for rationalisation articles. Reports on meetings and conferences should be concise (up to 5 pages) and
discuss only significant issues. The number of references should never exceed 35.

3. Text(withreferences)should be uploaded as aseparate file. Original articles should be prepared according
to the following structure: introduction, aim, material and methods, results, discussion, conclusions, refe-
rences; case reports: introduction, case description, discussion, summary (conclusions), and references.
Abbreviations and acronyms should be defined when first mentioned in the text and consequently used
in the paper.

. Figures and tables should be referenced in the body of the text as follows: “in Figure 1", “(Tab. 1)".

. Tables, figures and images should be saved in a separate file. The number of tables should be reduced to
aminimum. Digital images should have a resolution of 300 dpi.

6. Papers should be prepared carefully, in accordance with Polish spelling and with special attention to com-
municativeness and Polish medical nomenclature. Manuscripts that do not meet the criteria will be sent
back to the authors for revision.

7. Affiliation information: author’s or authors’ (max. 10 people) first and last names, including academic
degrees, full name of affiliated institute (institutes) should be introduce in the Editorial System. Please
indicate the corresponding author. Please do not include this information directly in the manuscript.

8. An abstract (up to 250 words) in Polish or English with keywords in Polish and English should also be
saved in the Editorial system. Please do not also include the abstract in the manuscript.

9. References should be presented according to the order in which they appear in the text. If the article has
up to four authors then all of them should be named, while if there are more, then name only the first
three, followed by “et al”. References should be numbered using the keyboard, please do not use auto-
matic numbering.

Examples of citations:

Journal articles:

Calpin C, Macarthur C, Stephens D, et al. Effectiveness of prophylactic inhaled steroids in childhood
asthma: a systemic review of the literature. J Allergy Clin Immunol, 1997; 100: 452-457 . doi: 10.1016/
s0091-6749(97)70134-9

Books:

Rudzki E. Alergia na leki: z uwzglednieniem odczynéw anafilaktycznych i idiosynkrazji. Lublin, Wydawnic-
two Czelej, 2002

Chapter of a book:
Wantz GE. Groin hernia. In: Cameron JJ, ed. Current surgical therapy. St Louis, Mosby, 1998: 557-561

The list of references should include only those publications that were used by the author and should be
reduced to 35. All references should be cited in the text and the numbers of references should be put in
square brackets. In order to avoid errors, titles should be copied from medical databases.

10. The submitted article must comply with the criteria for consent to publication adopted in the author’s
institution. The paper should be accompanied by: a declaration that the article has not been published
before or simultaneously submitted to any other journal, Declaration of Conflict of Interest and acknowl-
edgements, if applicable.

11. The Editorial Board reserves the right to correct nomenclature and stylistic errors as well as to introduce
abbreviations without consultation with the author.

12. If the manuscript is not accepted for publication, the Editorial Board will inform the author in writing
about the decision.
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Principles of publication ethics

1. The journal ‘Lekarz Wojskowy’ applies principles of publication ethics aimed at preventing unfair publi-
cation practices.

2. Materials submitted to the editorial board of ‘Lekarz Wojskowy’ for publication are reviewed for compli-
ance with the principles of publication ethics described in the following documents:

1) the guidelines of the Committee on Publication Ethics (COPE), the ‘Code of Ethics for a Scientific Em-
ployee’ (developed by the Commission on Ethics in Science, second edition, PAN, Warsaw 2017);

2) ‘Good practices in review procedures in science’ (developed by the Team for Ethics in Science, which
advised the Minister of Science and Higher Education in 2009-2010);

3) ‘Reliability in scientific research and respect for intellectual property’ (Warsaw, 2012, Ministry of Sci-
ence and Higher Education).

3. Theeditorial board of ‘Lekarz Wojskowy' in particular:

1) counteracts the phenomena of ghostwriting and guest authorship, which are manifestations of sci-
entific unreliability;

2) observes the provisions of copyright law in accordance with the Act of 4 February 1994 on Copyright
and Related Rights (Journal of Laws of 2021, item 1062, as amended);

3) exercises duediligence to prevent plagiarism and self-plagiarism through the use of the Crossref Simi-
larity Check anti-plagiarism system using the iThenticate software;

4) has the right to withdraw a text (even after publication) if there is evidence of unreliability of research
results and/or falsification of data and/or the work shows signs of plagiarism or breaches the rules
of publishing ethics;

5) assoon as it discovers unfair practices, it is obliged to:

a) refer the matter to the Disciplinary Ombudsman of the WIM, if it concerns the work of a researcher;
b) injustified cases, immediately inform the relevant scientific institutions, as well as the appropriate
law enforcement authorities about these practices;

6) ensure a professional publishing process;

7) ensure confidentiality and security of personal data processing in accordance with applicable regula-
tions (including GDPR).



Letter from the Editor-in-Chief

Dear Readers!

Welcome back after the summer break. | hope the past few months have been a time of health,
peace, as well as inspiring professional and personal experiences.

The holiday period has reminded us of the key role medicine plays in ensuring national security
and the effective functioning of the armed forces. In this context, modifications in the structure
of the military health service have been announced, including the establishment of the Medical
Forces.

In light of these changes, the latest issue of our Journal offers a number of articles addressing
current issues and trends in military medicine. These include a study on innovative methods for
monitoring sunken chemical weapons, as well as an original paper assessing risk factors and pre-
ventive implications of cardiovascular diseases in soldiers. Bearing in mind that analyzing the past
helps avoid repeating mistakes, we also present a historical account of the Health Center of the
State Armament Factory in Radom.

This issue is further enriched by compelling review papers and case reports, including analyses
of the harmful effects of e-cigarettes and innovative treatment approaches in erectile dysfunction.
A comprehensive compendium on the role of glucocorticoids in managing rheumatic diseases is
particularly noteworthy.

In September, we celebrate the 80th anniversary of the Main Medical Library named after its
founder, Dr. Stanistaw Konopka, who was also a military doctor. This institution holds great im-
portance for us, physicians. On this occasion, we extend our congratulations and gratitude to the
entire Library team for their dedicated work to date and wish them continued success in the insti-
tution’s further development.

| would also like to thank all the authors for their valuable contributions and dedication to the
publication process. Your work constitutes the driving force behind the continued growth of our
journal.

| wish you an engaging and fruitful reading experience and hope that this issue of Military Phy-
sician will inspire further collaboration.

Prof. Bolestaw Kalicki, MD, PhD
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Abstract

Obesity represents an escalating global public health concern, necessitating the development and implementation of
new, more effective intervention strategies. Ongoing research into novel pharmacological treatments for obesity is
yielding promising results. The latest advancement in this field is retatrutide, a triple agonist targeting the receptors
for glucose-dependent insulinotropic polypeptide, glucagon-like peptide-1, and glucagon. This study aims to provide
a detailed analysis of the safety profile of retatrutide based on data from available phase | and Il clinical trials. Reta-
trutide demonstrated a favorable safety profile, with gastrointestinal symptoms being the most commonly reported
adverse effects. These preliminary findings are promising and warrant further investigation. Although the results are
encouraging, further research is needed to elucidate the mechanisms of action of triple agonists and assess their long-
term efficacy. Such studies will be crucial for guiding personalized therapeutic strategies and optimizing their clinical
utility across various patient groups.

Streszczenie

Otytos¢ stanowi narastajacy problem dla zdrowia publicznego na catym swiecie. Wymaga to opracowania i wdrozenia
nowych, skuteczniejszych strategii interwencyjnych. Obecnie prowadzone badania nad nowymi metodami farmako-
terapii w leczeniu otytosci dostarczaja obiecujacych wynikéw. Najnowszym osiagnieciem w tej dziedzinie jest reta-
trutyd, bedacy potréjnym agonista receptorow glukozozaleznego peptydu insulinotropowego, glukagonopodobnego
peptydu oraz glukagonu. Praca ta ma na celu szczegdétowg analize profilu bezpieczenstwa retatrutydu na podstawie
dostepnych badan klinicznych fazy | oraz Il. Retatrutyd wykazywat korzystny profil bezpieczenstwa, a najczesciej ob-
serwowanymi dziataniami niepozadanymi byty dolegliwosci ze strony uktadu pokarmowego. Wyniki wstepnych ba-
dan s3 obiecujace, co stanowi motywacje do dalszego pogtebiania wiedzy na temat tego leku. Pomimo obiecujacych
rezultatéw, niezbedne jest kontynuowanie badan w celu doktadniejszego zrozumienia mechanizméw dziatania tréja-
gonistéw oraz oceny ich dtugoterminowej skutecznosci i bezpieczenstwa. Takie badania bedg kluczowe do planowa-
nia spersonalizowanych strategii terapeutycznych oraz optymalizacji ich klinicznej uzytecznosci w réznych grupach
pacjentow.
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Introduction

Obesity, according to the definition of the World Health
Organization (WHO), is an excessive or abnormal accu-
mulation of fat that adversely affects health. The assess-
ment of obesity typically relies on the body mass index
(BMI). A BMI of 225 kg/m” indicates overweight, while
a BMI of 230 kg/m? indicates obesity [1].

Data published by the WHO show that in 2022, one in
eight people worldwide was living with obesity. The same
report indicated that approximately 2.5 billion adults -
representing 43% of the global adult population - were
overweight, including 890 million (16%) classified as hav-
ing obesity. Data from the pediatric population are also
deeply concerning. Compared to 1990, the prevalence
of obesity among adolescents has quadrupled. More-
over, in 2022, over 390 million children and adolescents
aged 5-19 were overweight, including 160 million with
obesity [2]. In Poland, according to the Center for Pub-
lic Opinion Research (CBOS), 21% of adults suffer from
obesity, and 38% are overweight. In the Polish pediatric
population, 12.2% of boys and 10% of girls are affected
by overweight or obesity [3].

According to the World Obesity Atlas 2023, by 2035, an
estimated 4 billion people will be living with overweight
or obesity. As much as 51% of the adult population will be
overweight, including 24% classified as obese. The most
dramatic rise in obesity prevalence is expected among
children and adolescents. The percentage of obese boys
worldwide is projected to increase from 10% in 2020 to
20% in 2035, while that of obese girls is expected to rise
from 8% to 18% [4].

Obesity is a chronic disease that does not resolve sponta-
neously and has atendency torecur. If left untreated, it can
lead to numerous complications, primarily cardiovascular
diseases. Excess body fat contributes to the development
of hypertension in 60-70% of individuals. Furthermore,
approximately 80% of patients with chronic coronary syn-
drome have an elevated body weight. Excess adipose tis-
sue plays a significant role in the pathogenesis of strokes -
it is estimated to be responsible for 64% of ischemic
strokes and 24% of hemorrhagic strokes. Furthermore, it
increases the risk of venous thromboembolic disease by
two- to three-fold. Excess body weight also contributes to
the development of osteoarthritis, including of the spinal
joints, as well as obstructive sleep apnea, stress urinary
incontinence, and type 2 diabetes [5]. According to data
from the Organization for Economic Co-operation and De-
velopment (OECD), overweight and obese individuals live,
on average, four years shorter than those with a healthy
body weight. Overweight and obesity increase the risk of
death by 22-91%, which indicates their greater clinical
significance than previously thought. It is estimated that
in the U.S,, one in six deaths is attributed to complications
related to overweight or obesity [6].

According to the guidelines of the American Association
of Clinical Endocrinologists and the American College of
Endocrinology, three key strategies are distinguished in
the treatment of obesity: lifestyle modification (including
diet), pharmacological treatment, and surgical interven-
tions. The foundation of therapy is lifestyle modification,
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including controlling dietary habits, increasing physical
activity, and providing emotional and motivational sup-
port. This approach should be recommended to all pa-
tients with overweight or obesity. In cases where lifestyle
changes fail to produce sufficient results, pharmacother-
apy or surgical bariatric options are considered [7].

In recent years, many methods for treating obesity have
been developed, including various pharmacological ap-
proaches. One of the promising drugs is retatrutide (RTT)
- a triple agonist of glucose-dependent insulinotropic
polypeptide (GIP), glucagon-like peptide-1 (GLP-1), and
glucagon receptors. Currently, numerous studies are un-
derway to more precisely assess its efficacy and safety.
Favorable results could pave the way for new therapeutic
indications for RTT, marking a meaningful step forward in
the treatment of obesity.

Aim of study

The aim of this study is to compare clinical trial data con-
cerning the safety profile of RTT. This analysis will enable
the assessment of any potential differences in the safety
profile of this drug across various study conditions, which
may contribute to a better understanding of its potential
benefits and limitations in the context of obesity therapy.

Methodology

To accurately assess the safety profile of RTT, a detailed
literature review was conducted without restrictions re-
garding publication date, language, or study type. Search-
es were carried out in databases including PubMed, IEEE
Xplore, ScienceDirect, and Google Scholar using the fol-
lowing keywords: “retatrutide,” “retatrutide and obesity,’

and “triple GIP, glucagon and GLP-1 receptor agonists.”

Inclusion criteria encompassed studies addressing at
least one of the following topics: retatrutide, obesity, or
triple agonists of GIP, GLP-1, and glucagon receptors.
Exclusion criteria included non-peer-reviewed publica-
tions, duplicates, and articles unrelated to the topic.

Following the preliminary screening, 122 publications
were identified for further assessment. The selection pro-
cess involved the removal of duplicates, detailed analysis,
and the selection of the most relevant studies. Ultimately,
following the application of the exclusion criteria, 25 publi-
cations were included in the analysis. The selected articles
comprised various types of studies, including clinical trials,
meta-analyses, and systematic reviews, providing compre-
hensive data on the topic under discussion.

Discussion
Current approach to obesity treatment

All patients with obesity should be advised to modify their
diet and increase physical activity. In cases where such
measures do not produce the desired results, pharmaco-
logical treatment should be considered. In recent years,
the Food and Drug Administration (FDA) has approved
several medications for obesity treatment: phentermine
for short-term use, and five drugs for long-term manage-
ment - orlistat, phentermine/topiramate, bupropion/
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naltrexone, liraglutide, and semaglutide [8]. In a 28-week
phase Ill trial evaluating the efficacy of the naltrexone-
bupropion combination, an average weight reduction of
5.7% was observed in the treatment group, compared
to 1.9% in the placebo group [8, 9]. In another phase Il
study evaluating the effect of liraglutide on weight re-
duction, a 5.7% decrease in body weight was observed
in the treatment group, compared to 1.6% in the placebo
group [8, 10]. Semaglutide was the first drug in phase Il
trials to achieve a double-digit body-weight reduction,
with the STEP-1 study reporting an average decrease of
14.9% [8, 11]. The newest drug is tirzepatide, which has
demonstrated the highest efficacy. In an 88-week phase
Il study, body weight reduction averaged 25.3% [8, 12].

The main goal of pharmacotherapy for obesity is to re-
duce the risk of complications and have a beneficial ef-
fect on pre-existing conditions. Currently, only semaglu-
tide has a proven beneficial effect on cardiovascular risk,
which was confirmed in the SELECT trial [8, 13].

It should be emphasized, however, that bariatric and
metabolic surgery remains the most effective method for
treating obesity. The guidelines from the American Asso-
ciation of Clinical Endocrinologists and American College
of Endocrinology include a concise treatment algorithm,
in which the choice of the optimal treatment depends on
BMI and the presence of comorbidities [7]. In individuals
with a BMI exceeding 27 kg/m? and obesity-related com-
plications - such as hypertension, carbohydrate-lipid me-
tabolism disorders, coronary artery disease, or obstruc-
tive sleep apnea - pharmacological treatment should be
considered. It is also recommended for individuals with
a BMI above 30 kg/m?, regardless of the presence of co-
morbidities. Bariatric surgery leads to significant and
sustained weight loss, as well as improvements in obe-
sity-related conditions in the majority of patients. In an
analysis involving 161,756 individuals, the mean reduc-
tion in BMI five years after surgery ranged from 12 to 17
units, with a 30-day mortality rate of 0.08% and an over-
all postoperative mortality rate of 0.31% [14].

Mechanism of action of retatrutide

Retatrutide is an agonist of GIP, GLP-1, and glucagon re-
ceptors. GLP-1 is an incretin hormone secreted by the
gastrointestinal tract that stimulates pancreatic beta
cells to produce insulin. GLP-1 receptors are found in the
heart, kidneys, central nervous system, as well as in the
lungs, gastrointestinal tract, and pancreas. Studies have
shown that GLP-1 delays gastric emptying both after
meals and during fasting. It also promotes relaxation of
the stomach muscles, allowing for greater gastric disten-
sion. This results in lower postprandial blood glucose lev-
els and has a beneficial metabolic effect on the body [15].

The second target of RTT is the GIP receptor, which is
located mainly in pancreatic beta cells and in the central
nervous system [16]. GIP acts synergistically with GLP-1,
influences fat metabolism by promoting lipogenesis, and
supports the transport of fatty acids into adipocytes. In
addition, it inhibits gastric motility [17]. Both GLP-1 and
GIP have incretin properties, meaning that they stimulate
insulin secretion in response to the presence of glucose.
When glucose levels are low, GLP-1 and GIP do not signif-
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icantly affect insulin levels [18]. By delaying gastric emp-
tying and stimulating the satiety center, both hormones
indirectly promote the reduction of adipose tissue.

The third receptor targeted by RTT is the glucagon re-
ceptor. These receptors are located in the liver, kidneys,
adrenal glands, spleen, and the central nervous system.
Glucagon is a peptide hormone that plays a key role in
regulating blood glucose levels. It is secreted by pancre-
atic alpha cells in response to decreased blood glucose.
This hormone stimulates processes such as lipolysis, glu-
coneogenesis, and glycogenolysis, which leads to an in-
crease in blood glucose levels. It has an effect opposite to
that of insulin. Furthermore, glucagon affects other tis-
sues, increasing protein catabolism and releasing amino
acids into the bloodstream [19]. By acting on these three
receptors, RTT mimics the body’s natural hormones,
which enables the regulation of blood glucose levels and
exerts a beneficial metabolic effect [20].

In vitro and preclinical studies on retatrutide

Retatrutide, also known as LY3437943, is a novel phar-
macological agent developed by Eli Lilly for the treat-
ment of obesity. Unlike earlier generations of drugs with
similar indications, it acts on three receptors: GIP, GLP-1,
and glucagon. The first stage in evaluating this novel com-
pound involved in vitro studies of its mechanism of action.
Results published in 2019 showed that RTT effectively
stimulates glucose synthesis in hepatocytes in a manner
similar to the endogenous action of glucagon in human
cell models. Moreover, similar to the natural hormones
GIP and GLP-1, RTT effectively initiates lipolysis in adi-
pocytes [21, 22].

In 2018, the first studies evaluating the effects of RTT in
rodents were published, confirming its triple agonistic
activity toward the GIP, GLP-1, and glucagon receptors
[21, 23, 24]. In one of these studies, the effects of RTT on
body weight, body composition, energy metabolism, and
fatty liver were also analyzed. The results showed that
administration of the drug led to weight loss and reduced
caloric intake, with these effects being dose-dependent
(the maximum change in body weight during the study
reached up to 59.7%). The mice primarily lost adipose tis-
sue, with minimal impact on muscle mass. For example,
in the group receiving 30 mg of RTT, fat mass decreased
by 86.8%, while lean body mass was reduced by 31.1%
compared to baseline values. A reduction in blood glu-
cose and insulin levels was also observed, which suggests
a potential improvement in glycemic control and insulin
sensitivity [25].

In 2022, a study was conducted comparing the efficacy
of tirzepatide and RTT in reducing body weight in obese
mice. Tirzepatide, the first dual agonist of GLP-1 and GIP
receptors, resulted in a body weight reduction of 21.2%.
In contrast, RTT, administered daily at a dose of 10 nmol/
kg, led to a body weight loss of 36.9%, which was accom-
panied by a significant decrease in calorie intake [21].

Phase | clinical trial NCT04143802

Following the promising results of in vitro and animal
studies, a phase | clinical trial (NCT04143802) was ini-
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tiated [26]. The aim was to evaluate the adverse effects
of LY3437943 in patients with type 2 diabetes. As part
of the study protocol, blood analyses were performed
to assess the pharmacokinetic and pharmacodynamic
properties of the study drug, as well as its effects on
the body. Participants in the study were randomly as-
signed to groups receiving subcutaneous injections of
LY3437943, dulaglutide, or placebo to enable compari-
son of the study drug’s effects with those of the control
therapies. The study included patients with diabetes
lasting at least 3 months, glycated hemoglobin (HbA1c)
27.0% and <10.5%, treated with diet or metformin, with
stable body weight for three months, and a BMI between
23 kg/m* and 50 kg/m* The study involved 72 volun-
teers who were administered placebo, dulaglutide, or
RTT. Only 42 patients completed the study, largely due
to the COVID-19 pandemic. Among the 72 participants,
half (37 individuals) were women, with a mean age of 58
years and a mean BMI of 32 kg/m®. Phase | clinical trial

Trial No.
NCT04143802
(phase I clinical trial)

Placebo
Dulaglutyd 1.5 mg
RTT 0.5 mg*

RTT 1.5mg

RTT 3mg

RTT 3/6 mg

RTT 3/6/9/12 mg

Placebo

RTT 1 mg

results showed that RTT significantly reduced daily blood
glucose levels by -4.4 mmol/L and HbA1clevels by -1.9%
in the three patient groups receiving the highest doses of
the drug. Additionally, systolic blood pressure demon-
strated an overall decreasing trend from baseline in the
groups receiving LY3437943 (RTT), with a reduction of
12 mmHg. A slight downward trend was also observed
in diastolic blood pressure, which decreased by approxi-
mately 2 mmHg. Additionally, a dose-dependent reduc-
tion in body weight was recorded, reaching up to -8.6 kg.
The most significant weight loss occurred in the group
receiving escalating doses of the drug (3 mg = 6 mg —
9 mg — 12 mg). The dose-dependent weight reduction is
illustrated in Figure 1.

Treatment-related adverse events (AEs) were reported
in 33 (63%) of 52 participants receiving LY3437943,
three (60%) of five participants receiving dulaglutide
1.5 mg, and eight (53%) of 15 participants in the placebo
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Trial No. NCT04881760
(phase Il clinical trial)

Trial No. NCT04867785
(phase Il clinical trial)

ID - initial dose; RTT - retatrutide

RTT 4 mg (2 mg DP)
RTT 4 mg (4 mg DP)
RTT 8 mg (2 mg DP)
RTT 8 mg (4 mg DP)
RTT 12 mg (2 mg DP)

Placebo

Dulaglutide 1.5 mg
RTT0.5mg
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*Due to COVID-19 pandemic-related constraints, no participants were able to complete the study.

Figure 1. Body weight changes by study drug and dosage in clinical trials NCT04143802, NCT04881760, and NCT04867785
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Table 1. Safety profile based on phase | and Il clinical trials

AE leading to drug
discontinuation
n (%)

Serious AE
n (%)

Death

Subgroup n (%)

n (%)

At least 1 AE ‘

Placebo (n = 45) 28(62) 3(7) 2(4) 0
RTT 0.5 mg(n=47) 26 (55) 3(6) 1(2) 0
RTT 4 mg (2 mgDP) (n=23) 13 (57) 1(4) 0 0
RTT 4 mg (n=24) 19(79) 2(8) 1(4) 0
Subgroup RTT 8 mg (2 mgDP) (n=26) 19(73) 2(8) 3(12) 0
RTT 8 mg (4 mg DP) (n=24) 17 (71) 1(4) 4(17) 0
RTT 12 mg (2 mg DP) (n = 46) 35 (75) 2 (4) 7 (15) 0
Dulaglutide 1.5 mg (n = 46) 31(67) 1(2) 1(2) 0
Entire group (n = 281) 188 (67) 15 (5) 19(7) 0
Placebo (n = 70) 49 (70) 3(4) 0 0
RTT 1 mg(n=69) 58 (84) 3(4) 5(7) 0
RTT 4 mg (2 mgDP) (n=33) 24 (73) 0 2 (6) 0
RTT 4 mg (4 mg DP) (n = 33) 28(85) 2(6) 3(9) 1(3)
NCT04881760[20] RTT 8 mg (2 mg DP) (n = 35) 28 (80) 1(3) 5(14) 0
RTT 8 mg (4 mg DP) (n = 35) 33(94) 2(6) 2 (6) 0
RTT 12 mg (2 mgDP) (n=62) 57(92) 2(3) 10(16) 0
Entire group (n = 337) 277 (82) 13(4) 27 (8) 1(<1)
Placebo (n = 15) 8(53) 1(7) 0 1(7)
Dulaglutide 1.5 mg (n = 5) 3(60) 1(20) 0 0
RTTO0.5mg(n=29) 3(33) 1(11) 1(11) 0
RTT 1,5mg(n=9) 5(56) 1(11) 2(22) 0
NCT04143802[19] RTT 3mg(n=11) 5(46) 0 0 0
RTT 3/6 mg(n=11) 9(82) 0 0 0
RTT 3/6/9/12 mg (n=12) 11(92) 0 1(9) 0
Entire group (n=72) 44 (61) 5(7) 4 (6) 1(2)
ID - initial dose; RTT - retatrutide; AE - adverse event

group. Additionally, 23 (44%) of 52 participants treated
with LY3437943 experienced adverse events considered
related to the study drug. The incidence of these AEs in-
creased with higher drug doses.

The most frequently reported gastrointestinal adverse
events were diarrhea and nausea. They occurred in nine
(33%) placebo-treated participants, 12 (60%) dulaglu-
tide-treated participants, and 24 (46%) LY3437943-
treated patients. Throughout the study, four participants
(6%) discontinued treatment due to adverse events, two
of which were considered related to the treatment. Four
participants reported six serious AEs, none of which
were assessed as being associated with the study drug.
One death occurred in a participant receiving placebo,
resulting from a car accident.

Phase Il clinical trial NCT04881760

Following the completion of phase | studies, two sepa-
rate phase Il trials were conducted [27, 28]. The primary
objective of the NCT04881760 trial was to evaluate the
percentage change in body weight from baseline in adults
after 24 and 48 weeks of treatment [28]. The study was
arandomized, double-blind, placebo-controlled trial that
included adults with a BMI of at least 30 kg/m?* or a BMI
between 27 kg/m? and 30 kg/m?® who had at least one co-
morbidity related to excess body weight. The participants

were randomly assignedtosevengroupsina2:1:1:1:1:2:2
ratio, each receiving different doses of subcutaneously
administered RTT (1 mg, 4 mg [with an initial dose of
2 mg], 4 mg [with an initial dose of 4 mg], 8 mg [with an
initial dose of 2 mg], 8 mg [with an initial dose of 4 mg],
12 mg [with an initial dose of 2 mg]) or placebo. The drug
was administered once weekly for 48 weeks. Secondary
endpointsincluded change in body weight after 48 weeks
and the percentage of participants who achieved a weight
reduction of at least 5%, at least 10%, or at least 15%.
An equally important aspect was the evaluation of
the drug’s safety profile. The study included 338 pa-
tients, 52% of whom were men. The mean body weight
was 107.7 kg, and the mean BMI was 37.3 kg/m?, with
as many as 30% having a BMI >40 kg/m”. Body weight
changes observed during the study, stratified by ad-
ministered dose, are shown in Figure 1. Throughout the
trial, AEs during the treatment period were reported in
70% of participants in the placebo group and in 73-94%
of those receiving RTT. The highest incidence of these
events was observed in the groups receiving 8 mg and
12 mg doses. Treatment discontinuation due to adverse
events occurred in 6% to 16% of participants receiving
RTT, whereas no placebo-group participants discontin-
ued treatment for this reason. The most frequently re-
ported adverse events were gastrointestinal symptomes,
including nausea, diarrhea, vomiting, and constipation,
which occurred more commonly in RTT-treated patients
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Table 2. The most common AEs in phase | and |l clinical trials

Subgroup

Constipa-

. COVID-19
tion

n (%)

Diarrhea
n (%)

Nausea
n (%)

Vomiting
n (%)

Placebo (n = 45) 2(4) 2(4) 1(2) 3(7) 1(2)
RTT 0,5 mg(n=47) 2(4) 1(2) 3(6) 5(11) 1(2)
RTT 4 mg(2mgDP) (n=23) 2(9) 2(9) 2(9) 3(13) 1(4)
RTT 4 mg(n=24) 6 (25) 6(25) 4(17) 1(4) 0
NCT04867785[21] RTT 8 mg (2 mg DP) (n = 26) 7(27) 5(19) 3(12) 1(4) 2(8)
RTT 8 mg (4 mg DP) (n = 24) 10(42) 7 (29) 2(8) 1(4) 4(17)
RTT 12 mg (2 mg DP) (n = 46) 9(20) 7(15) 5(11) 2(4) 5(11)
Dulaglutide 1,5 mg (n = 46) 8(17) 4(9) 3(7) 4(9) 4(9)
Entire group (n = 281) 46 (16) 34 (12) 23(8) 20(7) 18 (6)
Placebo (n = 70) 8(11) 8(11) 2(3) 14 (20) 1(2)
RTT 1 mg(n=69) 10(14) 6(9) 5(7) 13(19) 2(3)
RTT 4 mg (2 mg DP) (n=33) 6(18) 4(12) 5(15) 4(12) 4(12)
RTT 4 mg (4 mg DP) (n = 33) 12(36) 4(12) 2 (6) 6(18) 4(12)
NCT04881760[20] RTT 8 mg (2 mgDP) (n = 35) 6(17) 7 (20) 4(11) 6(17) 2(6)
RTT 8 mg (4 mg DP) (n = 35) 21 (60) 7 (20) 4(11) 12 (34) 9(26)
RTT 12 mg (2 mg DP) (n = 62) 28 (45) 9(15) 10(16) 15 (24) 12(19)
Entire group (n = 337) 91(27) 45 (13) 32(9) 70(21) 34(10)
Placebo (n = 15) 2(13) 2(13) 1(7) No data 0
Dulaglutide 1,5 mg(n = 5) 2(20) 3(60) 0 No data 1(20)
RTTO,5mg(n=9) 0 1(11) 0 No data 0
RTT1,5mg(n=9) 0 3(33) 1(11) No data 1(11)
NCT04143802[19] RTT 3mg(n=11) 1(9) 1(9) 1(9) No data 0
RTT 3/6 mg(n=11) 4(36) 2(18) 1(9) No data 0
RTT 3/6/9/12mg(n=12) 6(50) 6 (50) 1(8) No data 3(25)
Entire group (n=72) 15(2) 17 (2) 5(7) No data 5(7)

ID - initial dose; RTT - retatrutide

compared to placebo. These adverse events primarily oc-
curred during the dose-escalation phase, were typically
mild to moderate in severity, and showed increased fre-
qguency in higher-dose groups. Participants who started
therapy at a lower initial dose (2 mg compared to 4 mg)
reported less severe symptoms. These events were also
the most common reason for treatment discontinuation.
A detailed analysis of the safety profile is presented in
Table 1.

Phase Il clinical trial NCT04867785

Between May 13, 2021, and June 13, 2022, a phase
Il clinical trial (NCT04867785) was conducted in the
United States to evaluate the efficacy and safety of
RTT at various doses in patients with type 2 diabe-
tes [27]. It was a randomized, double-blind, placebo-
controlled study conducted across 42 sites. A to-
tal of 281 participants took part, with a mean age of
56.2 years and an average diabetes duration of 8.1
years. Of the study group, 56% (156 individuals) were
women, and 84% (235 individuals) were Caucasian.
All participants were required to implement lifestyle
modifications, including increased physical activ-
ity. Eligibility criteria included a diagnosis of type 2
diabetes with an HbA1c level ranging from 7.0% to
10.5%. Prior to the study, participants were managed
exclusively with diet and exercise or a stable dose of
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metformin for at least three months before screen-
ing. They were then randomized into eight groups (in
a 2:2:2:1:1:1:1:2 ratio) to receive weekly subcutane-
ous injections of either placebo, 1.5 mg dulaglutide,
or RTT at maintenance doses: 0.5 mg; 4 mg (with an
initial dose of 2 mg); 4 mg (without dose escalation);
8 mg (with an initial dose of 2 mg); 8 mg (with an initial
dose of 4 mg); or 12 mg (with an initial dose of 2 mg).
The study results demonstrated that weight loss was
significantly greater in groups receiving RTT doses
>4 mg compared to both the 1.5 mg dulaglutide group
and the placebo group. Detailed data on changes in
body weight are presented in Figure 1. During the
study, at least one treatment-related adverse event
was reported by 68% of RTT-treated patients (129 of
190), with incidence increasing dose-dependently -
from 55% (26 of 47) in the 0.5 mg group to 79% (19
of 24) in the 4 mg group. In the placebo group, it was
62% [28 out of 45], and in the dulaglutide group - 67%
[31 out of 46]. The most commonly reported adverse
effectsrelatedto RTT involved the gastrointestinal sys-
tem and occurred more frequently in the RTT groups
- from 13% to 50% in the RTT group, compared with
13% in the placebo group and 35% in the dulaglutide
group. Gastrointestinal adverse effects were more fre-
quent with higher doses of RTT, particularly in groups
where the initial doses were 4 mg compared with 2 mg.
Most of them were mild to moderate in severity. A to-
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Table 3. Details regarding the methodology, inclusion criteria, and endpoints of the phase [l TRIUMPH clinical trials

TRIUMPH-1[22]

TRIUMPH-2[23]

TRIUMPH-3[24] TRIUMPH-4[25]

with >1 of the
following conditions:
hypertension,
dyslipidemia, OSA,
or CVD

e >1 unsuccessful

days

Placebo + + +

Double-blind design + + +

Randomization + + +

Number of participants 2100 100 1800 405

Inclusion criteria (all e >18vyo e >18vyo e >18vyo e >18vyo

must be met) e BMI >30.0 kg/m?, e BMI 227.0 kg/m? e BMI 235.0 kg/m? e BMI 227.0 kg/m?
or 227.0 kg/m? e T2DM e CVD with 21 of the e >1 unsuccessful

e Stable treatment of
T2DM for at least 90

e >71 unsuccessful
dietary effort to
reduce body weight

dietary effort to
reduce body weight
e Others*

following: prior Ml,
prior ischemic or
hemorrhagic stroke,
or symptomatic PAD
e >1 unsuccessful
dietary effort to

dietary effort to reduce body weight
reduce body weight
Aim of study Evaluation of the Evaluation of the Evaluation of the Evaluation of the
efficacy and safety of | efficacy and safety of | efficacy and safety safety and efficacy
RTT in participants RTT in participants of once-weekly RTT of weekly RTT
with obesity or with T2DM and administration in administrationin
overweight, including | obesity or overweight, | participants with participants with
subgroups with OA including the subgroup | obesity and CVD obesity or overweight
and OSA of participants with and OA
OSA
Study duration 89 weeks 89 weeks 113 weeks 77 weeks

Intervention model

Equal allocation between placebo and RTT

e Percentage change
in BW relative to
baseline

e Change from
baseline in WOMAC
score for the OA
subgroup

e Change from
baseline in AHI for
the OSA subgroup

Endpoints

e Percentage change
in BW relative to
baseline

e Change from
baseline in AHI for
the OSA subgroup

e Percentage change
in BW relative to
baselinea

e Percentage change
in BW relative to
baseline

e Change from
baseline in WOMAC

score

MI - myocardial infarction; PAD - peripheral artery disease
* Others:

OA - osteoarthritis; OSA - obstructive sleep apnea; WOMAC - Western Ontario and McMaster Universities Osteoarthritis Index;
AHI - Apnea-Hypopnea Index; T2DM - type 2 diabetes mellitus; CVD - cardiovascular disease; BW - body weight;

e Knee pain lasting for >12 weeks prior to screening and knee pain present for >15 days during the past month.
e Knee X-ray showing moderate radiographic changes (grade 2 or 3 on the Kellgren-Lawrence scale).
e Currently meets the American College of Rheumatology criteria (clinical and radiological) for OA.

tal of 16 out of 190 participants (8%) discontinued
treatment due to adverse effects, most commonly gas-
trointestinal (3% of participants). A detailed analysis of
the safety profile is presented in Table 1 and Table 2.

Phase I clinical trials: TRIUMPH

After obtaining promising results in phase Il studies, four
phase Il trials were initiated within the TRIUMPH pro-
gram [29-32]. These studies include patients with class
Il obesity and - depending on the protocol - individuals
with cardiovascular diseases, obstructive sleep apnea,
or degenerative joint diseases. The trials aim to assess
the efficacy and safety of RTT when administered once
weekly. All studies are conducted in a randomized, dou-
ble-blind, placebo-controlled design. They commenced
in May 2023, with completion scheduled for February

2026. Details regarding the methodology, inclusion crite-
ria, and endpoints are presented in Table 3.

Limitations

The present work, being a literature review, aimed to
collect, assess, and synthesize available research on
a specific topic; however, it does not meet the criteria
of a systematic literature review. This type of analysis
entails certain limitations that should be taken into ac-
count. First, subjectivity in material selection may influ-
ence the presented perspective on the issue. Moreover,
the lack of original empirical data means that the con-
clusions are based solely on the interpretation of avail-
able publications. The complexity of the topic, combined
with the difficulties of synthesizing findings from varied
sources, may further limit the ability to draw definitive
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conclusions. Therefore, it is important to recognize that
a literature review is a valuable but not the only tool in
the research process, and it should be complemented by
other methods of scientific analysis.

Conclusions

Retatrutide is a novel drug that represents a promising
therapeutic option for the treatment of obesity. This re-
view summarizes the available data on its efficacy and
safety, based on findings from phase | and Il clinical tri-
als. RTT has been shown to not only effectively regulate
glycemia but also to induce significant weight loss, while
maintaining a relatively favorable safety profile. Howev-
er, attention should be paid to adverse effects, particu-
larly those involving the gastrointestinal system. Most
of them were mild to moderate in severity. Nevertheless,
data on the long-term safety of the drug are lacking. Al-
though the results obtained to date are promising, fur-
ther comparative studies involving larger patient groups
are necessary to confirm the therapeutic potential and
safety of this novel triple agonist of GLP-1, GIP, and glu-
cagon receptors.
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Abstract

Lumbar disc herniation is considered one of the leading causes of disability worldwide, with a lifetime risk of occurrence
as high as 30%. A common initial symptom is pain in the sacro-lumbar region, which may radiate to the buttocks or lower
extremities. The management of patients with lumbar disc herniation includes both conservative and surgical treat-
ments. Conservative treatment involves medications, physical therapy, traction and appropriate exercises, and often
yields good clinical results in 60-90% of patients. Surgical options include various techniques, such as open discectomy,
microdiscectomy, percutaneous laser disc decompression, and percutaneous microscopic discectomy, among others.
The purpose of this article is to present therapeutic methods used in the conservative and surgical treatment of lumbar
disc herniation and to assess these methods in terms of clinical outcomes.

Streszczenie

Przepuklina dysku ledZzwiowego jest zaliczana do jednej z gtdwnych przyczyn niepetnosprawnosci na swiecie. W ciagu
catego zycia ryzyko jej wystgpienia wynosi nawet 30%. Czestym pierwszym objawem jest bél w okolicy krzyzowo-
ledZwiowej, ktéry moze promieniowac do posladkéw czy konczyny dolnej. W postepowaniu u pacjentéw z przepukling
dysku ledZwiowego stosuje sie leczenie zachowawcze oraz chirurgiczne. Leczenie zachowawcze sktada sie z lekéw, fi-
zykoterapii, trakcji oraz odpowiednich ¢wiczen. Takie postepowanie czesto przynosi dobre efekty kliniczne u 60-90%
pacjentow. W leczeniu chirurgicznym stosuje sie rézne techniki, takie jak otwarta discektomia, mikrodiscektomia,
przezskérna laserowa dekompresja dysku, przezskérna mikroskopowa discektomia i wiele innych. Celem niniejszej pra-
cy jest przedstawienie metod terapeutycznych uzywanych w leczeniu zachowawczym i chirurgicznym przepukliny dysku
ledZwiowego oraz ich ocena w kontekscie wynikéw klinicznych.
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Introduction

Lumbar disc herniation (LDH) is a common cause of pa-
tient complaints of back pain and radiculopathy. It pre-
dominantly occurs in patients between the ages of 24
and 45, with a male-to-female ratio of 2:1. Over 95% of
lumbar herniations occur at the L4-L5 or L5-S1 levels
in patients aged 25 to 55. LDH is considered one of the
leading causes of disability worldwide, with a lifetime risk
of approximately 30% [1-4].

Intervertebral disc herniation refers to a situation
where the nucleus pulposus protrudes or extrudes
through the fibrous ring beyond the intervertebral
space. This may result in compression of the spinal
nerve roots and the meningeal sac, leading to radicu-
lopathy. Low back pain is a common initial symptom of
LDH. It can radiate to the buttocks or lower extremi-
ties, typically unilaterally. Symptoms often worsen
with physical exertion, sedentary lifestyle, squatting,
and tend to subside after rest. Root symptoms, on
the other hand, may be increased by activities such as
sneezing, coughing, standing, or walking [3, 4].

In the diagnosis of LDH with radiculopathy, assessment
of sphincter function, evaluation of muscle strength
and sensory disturbances, as well as Lasegue’s sign and
crossed Lasegue’s sign, may be useful. The gold standard
in suspected LDH is MRI, which has a diagnostic accuracy
of upto 97% [4].

The basis of treatment is conservative management
focused on exercise and pain control with pharmaco-
logical agents. Nearly 60-90% of patients experience
clinical improvement or even spontaneous regression
already at this stage of treatment. If conservative treat-
ment fails, surgical intervention with discectomy is in-
dicated [1, 5, 6]. Advances in technology have contrib-
uted to the development of various surgical techniques
aimed at removing herniated intervertebral discs with
minimal tissue damage and, at the same time, the best
possible clinical outcomes [7]. Especially important is
the development of endoscopic techniques, which allow
surgery to be performed under local anesthesia [3].

The traditional technique that finds application in LDH is
open discectomy (OD) (with or without fusion surgery),
but other surgical approaches can also be employed,
such as microdiscectomy (MD), tubular discectomy (TD)
(a subtype of microdiscectomy), and percutaneous laser
disc decompression (PLDD) [8].

In addition, endoscopic spine surgery can be divided by
the characteristics of the endoscopes into percutaneous
endoscopic (PED) (or full-endoscopic), microendoscopic
(MED), epiduroscopic, and biportal endoscopic tech-
niques[7, 9].

Historical overview

The first true discectomy surgery took place in 1932 and
is attributed to Mixter and Barr. Barr’s published results
(1947) indicated better clinical outcomes for LDH pa-
tients treated with surgical decompression and fusion
than those treated with discectomy alone. In the 1970s,
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these surgeries became so popular that they were even
offered to patients with very early, acute symptoms of
lumbar disc herniation [10].

In 1977, Caspar and YalPlargil introduced the concept
of microsurgical techniques in lumbar disc surgery. The
smaller incision and tissue-sparing surgical approach
made them superior to open discectomy. This marked the
origin of microendoscopic discectomy, which has been
improved over the years [11]. Percutaneous decompres-
sion surgery was inspired by Hijikata’s theory developed
in 1975, whose premise was “Reducing intradiscal pres-
sure reduces the irritation of the nerve root and the pain
receptors in the annulus and peridiscal area” [12].

Percutaneous endoscopic lumbar discectomy (PELD)
through the intervertebral foramen emerged around
1980. It quickly became popular and a common tech-
nique, along with percutaneous endoscopic interlaminar
discectomy (PEID) [9]. Seventeen years later, Smith and
Foley described microendoscopic discectomy for the
first time. The treatment of LDH patients using an endo-
scope and a minimally invasive transmuscular approach
quickly became widespread [13]. In a short period, other
minimally invasive surgical procedures such as PED and
PLDD also emerged [3]. Tubular retractors combined
with endoscopes became the foundation of the MED sur-
gical technique, which was described in 1999 by Foley
and Smith [14]. In the United States alone, approximately
200,000 discectomies were performed per year in the
mid-1990s [10].

Conservative treatment

The foundation of conservative treatment is a combina-
tion of physical therapy and pharmacological manage-
ment. However, there is a difference of opinion regarding
the use of pharmacotherapy in the management of LDH.
For instance, the American College of Physicians (ACP)
recommends that pharmacological therapy should be in-
troduced only when there is an unsatisfactory response
to non-pharmacological therapy [15]. Some of the phar-
macological agents commonly used in the conservative
treatment of patients with LDH are described below.

Nonsteroidal anti-inflammatory drugs (NSAID)

NSAIDs are a well-known group of medications com-
monly used in clinical practice, including in the treatment
of patients with LDH. However, study findings differ re-
garding the improvement of function and pain relief in
such patients. Jung Hwan Lee et al. recommend the use
of NSAIDs. A slightly different consideration is described
in the article by Jo Jordan et al., who report that these
medications have a comparable effect to placebo, since
no significant difference was found in overall improve-
ment after 5-30 days of use. It is important to note that
NSAID therapy is not without side effects. These may in-
clude abdominal pain, gastrointestinal bleeding/perfora-
tion, cardiovascular incidents, headaches, and dizziness.
Therefore, consideration should be given to the appro-
priate use of these medications so that their potential
side effects do not outweigh the benefits. According to
United Kingdom guidelines, the lowest effective dose
should be used for the shortest possible time [2, 15-17].
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Opioids

Opioid medications may also be used in LDH therapy,
especially in combination with other drugs (antiepilep-
tic, analgesic). This approach is very commonly used in
the United States and Canada. Opioids have helped to
reduce pain and improve patient functionality. However,
with their use, vomiting and addiction, among others,
may occur as adverse effects [2, 15].

Antidepressants and antiepileptic drugs

NICE (which provides evidence-based recommendations
for health and care in England and Wales) recommends an-
tidepressants and antiepileptic drugs as first-line treatment
for neuropathic pain. These medications help improve func-
tion and reduce pain. Popular among these are amitripty-
line, duloxetine, gabapentin, and pregabalin [2, 15].

Steroids

In clinical practice, epidural corticosteroid injections and
systemic steroids are often used. However, if patients do
not experience improvement after 4-8 weeks, surgical
treatment is indicated [2, 5].

According to the article by Jung Hwan et al., epidural steroid
injections are recommended for patients with LDH. They
have demonstrated a high level of evidence and strength of
recommendation for relieving pain and improving function.
These injections can be administered via transforaminal,
caudal, or interlaminar approaches. Although the caudal and
interlaminar approaches were preferred for years, this trend
has been reversed with the increasing use of transforaminal
epidural injections. This is reflected in studies that are incon-
clusive, but point to the clinical benefit of the transforaminal
approach over the mentioned above. In these interventions,
the use of nonparticulate steroids is recommended, while
particulate steroids are not advised [16, 18]. It is worth men-
tioning, however, that discectomy provides better results af-
ter 1-3 months in terms of functional improvement and pain
reduction compared to epidural injections [17].

The effect of systemically administered steroids remains
inconclusive. Significant pain reduction was experienced
by patients with acute lumbosacral pain after systemic
administration of dexamethasone. However, this im-
provement diminished after six months. Also, 14 days of
oral triamcinolone therapy provided better pain control
than oral anticonvulsant drug therapy. The clinical ben-
efit of systemic steroid use is rated as clinically favorable,
which supports its recommendation [16].

Other treatments

Non-pharmacological conservative treatments such as
acupuncture or electroacupuncture of the spine do not
show a significant difference compared to pharmacologi-
cal treatment during the intervention period. Kim Doori
et al. compared the treatment methods used above. The
results demonstrated that non-pharmacological conser-
vative treatment showed a significant improvement in
the LDH patient’s condition compared to pharmacologi-
cal treatment, but only after 14 weeks of follow-up (dif-
ference: -0.56, 95% Cl -1.62 to 0.50, p = 0.003). A meta-
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analysis by Shujie Tang et al. showed that acupuncture in
the treatment of LDH has a more favorable clinical effect
than NSAIDs and lumbar traction [15, 19].

A meta-analysis by Jung Hwan Lee et al. presented func-
tional improvement and pain reduction in LDH patients
suffering from root pain who used manual therapy, ex-
ercise and traction. In addition, patients who underwent
traction therapy showed favorable changes on magnetic
resonance imaging (MRI) in just two months, although no
reduction in pain was observed [16].

A common practice recommended by physicians for pa-
tients with LDH-induced back pain is bed rest. However,
studies have shown that this practice is not advisable and
may even slightly worsen the patient’s clinical condition.
In such a case, the patient should be encouraged to re-
turn to daily physical activity with restriction to activities
that do not cause pain [16, 20].

Surgical treatment

Patients with LDH are generally recommended to start
with conservative treatment. If this proves ineffective,
surgical intervention may be considered. However, some
clinical situations require the implementation of surgi-
cal treatment first. Among these are severe neurological
motor deficits, cauda equina syndrome, sphincter dys-
function, or insufficient pain control [21]. The surgeon,
therefore, has to consider many factors in selecting the
most appropriate surgical method. Some of the available
techniques are described below.

Open discectomy

Open discectomy is a traditional surgical procedure used
totreatpatientswith LDH. However, itis being performed
less frequently, with minimally invasive surgeries becom-
ing more popular. Compared to other surgical approach-
es, it is a technique associated with greater blood loss,
prolonged hospitalization, and the formation of scarring
and adhesions, which may contribute to decreased activ-
ity of the lumbar spine. This has led to the development
of less invasive surgical approaches. A more modern ap-
proach - with shorter recovery times and lower surgical
costs - is minimally invasive surgery (MIC) [3, 22].

Percutaneous laser disc decompression

Percutaneous laser disc decompression (PLDD) is a proce-
dure that can be performed under local anesthesia. It in-
volves percutaneously accessing the nucleus pulposus and
then vaporizing it using the photothermal effect of laser
energy. This reduces intradiscal pressure, allowing the disc
to return to its normal position and relieving compression
of the nerve root. In addition, the photochemical effect of
the laser causes the destruction of pain mediators (neuro-
kinins, cytokines). The study by Ivan Rados et al. showed
satisfactory pain reduction in LDH patients and a low risk
of complications after the PLDD procedure [22, 23].

Percutaneous endoscopic lumbar discectomy

Percutaneous endoscopic lumbar discectomy (PELD)
is a minimally invasive alternative to microdiscectomy
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surgery. It is currently the most commonly used tech-
nique in endoscopic spine surgery. It is usually equated
with percutaneous endoscopic interlaminar discecto-
my (PEID) and percutaneous endoscopic transforami-
nal discectomy (PETD). PELD is becoming an increas-
ingly routine surgical approach. In comparison with
open discectomy, it offers shorter operative times,
with less soft tissue damage, fewer post-operative
complications, and faster recovery. The main differ-
ence between the above-mentioned procedures is
the surgical approach: PEID is performed between
the lumbar vertebral arch laminae, while PETD is per-
formed through the intervertebral foramen [7, 24, 25].
PEID is a well-suited surgical approach for subar-
ticular disc herniations and concurrent stenosis of
the lateral recess. In contrast, spinal disc herniations in
the foramen but also in the lateral recess ventral to the
traversing nerve root are a suitable indication for PETD.
Notably, both surgical approaches are particularly ap-
propriate for the lower lumbar spine - L4/5 and L5/S1 for
PEID, and L5/51 for PETD [5]. In the study results, PETD
was characterized by better postoperative improvements
in pain and function, but longer surgery times than PEID
at the L5-S1 level. However, when comparing both sur-
gical techniques, the clinical outcomes were very similar
in terms of patient satisfaction, days of hospitalization,
postoperative complications, blood loss, VAS (visual ana-
log scale), and ODI (Oswestry Disability Index). Also, the
PETD procedure was found to expose patients to higher
levels of radiation than PEID [12, 26, 27]. A meta-anal-
ysis by Lu Qin et al. compared the effectiveness of PELD
and microendoscopic discectomy to open discectomy.
The minimally invasive procedures had better short-term
outcomes based on VAS and ODI scores, but the differ-
ence at six months after surgery was not significant [3].

Microdiscectomy

Microdiscectomy is considered the gold standard in LDH
surgery. The technique involves a small incision (up to
a maximum of 2 cm), relatively little muscle damage, and
faster recovery [9, 22]. However, it can lead to postopera-
tive back pain or spinal instability. This is mainly caused
by incision of the midline ligament and separation of the
spinal muscles from the spinous process. A retrospective
study by Konsta Koivunen et al. of 353 patients revealed
that the level of pain decreased within a year after micro-
discectomy but slightly worsened thereafter [14, 28].

Tubular microdiscectomy (TMD) is not based on standard
subperiosteal muscle dissection, but rather the insertion of
small tubes and dilators through a small incision to create
a working corridor for the operation. This approach results
in less tissue damage and supports faster recovery [14].

A meta-analysis by Tingxin Zhang et al. showed that tu-
bular microdiscectomy achieved better ODI rates than
conventional microdiscectomy. However, there were no
significant differences in surgical blood loss, length of
hospitalization, VAS score, reoperation rates, and opera-
tion time. The results show similar clinical effects of both
surgical methods. In addition, the results of a meta-analy-
sis by Shichao Liu et al. comparing TMD to PETD revealed
no significant differences in clinical outcomes between
these two techniques [14, 29].
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Also worth mentioning is unilateral biportal endoscopic
discectomy (UBED), which is similar to open MD. It com-
bines endoscopic spine surgery and standard open sur-
gery. UBED produced similar clinical results in terms of
patient satisfaction and pain control compared to PELD.
However, UBED was associated with increased blood
loss, longer hospitalization, and higher costs [9, 30].

Discussion

Treatment of symptomatic LDH patients should be ap-
proached individually. The goal of treatment is to reduce
or completely eliminate pain and to improve or restore
limb function [29]. Correct diagnosis is a crucial element
infurther management. Lumbar pain should be differenti-
ated from facet joint, discogenic, or sacroiliacal joint pain.
In addition to diagnostic manual testing, current guide-
lines recommend magnetic resonance imaging (MRI)
whenever symptoms persist for more than six weeks to
confirm the presence of LDH. MRI should be performed
as soon as possible if neurological deficits are present. In
patients in whom MRI cannot be performed, or if the re-
sults are inconclusive, CT (computed tomography) or CT
myelography is recommended [4]. Therapeutic manage-
ment should begin with conservative treatment, which
leads to improvement in 60-90% of patients. Pharma-
cological agents, physical therapy procedures, and phys-
iotherapy exercises should be selected on an individual
basis. It should be noted that for some conservative
treatments, the question of clinical improvement is still
unclear and requires further research.

If there is no improvement with conservative treat-
ment, surgical intervention is indicated. Patients with
insufficient pain control, symptoms of sphincter dys-
function, neurological motor deficits, or cauda equina
syndrome require urgent surgery [21]. Patients should
be cautiously qualified for surgical treatment. The risk
of LDH recurrence is approximately 9.1%, of which 38%
cases recur within the first year after surgery. In addi-
tion, postoperative pain may be worse in some patients
than before surgery. While patients usually blame the
operator for such outcomes, the predominant factor is
actually the patient’s individual predisposition - par-
ticularly the formation of scar tissue after surgery,
which presses on the nerve root. This issue is the most
important factor in failed spinal surgeries due to LDH.
It is important to note that reoperations in such pa-
tients tend to worsen their clinical outcomes [4, 22].
When selecting a surgical method, minimally invasive
spinal surgery techniques should be the main consider-
ation, as studies have shown that they produce better
clinical outcomes than open discectomy. In 2024, a me-
ta-analysis by Qin Lu et al. was published, comparing
standard open discectomy, microdiscectomy, microen-
doscopic discectomy, PELD, PLDD, TMD, and chemo-
nucleolysis. It showed that microendoscopic discec-
tomy is the best surgical intervention for back and leg
pain, based on VAS scores [3]. However, it is important
to note that each of the listed surgical methods has its
own indications and contraindications, which are often
individual. Therefore, the final choice of surgical tech-
nique is made by the surgeon, who looks at the patient
on an individual basis and selects the most appropriate
surgical method.
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In addition to the aforementioned surgical treatment
methods, risk factors for LDH are also worth highlight-
ing. A prospective study conducted in Copenhagen on
thousands of men found that heavy physical activity
at work was a strong risk factor for LDH. On the other
hand, physical activity outside of work did not correlate
with the occurrence of LDH. This suggests that different
types of physical and ergonomic loads at work influence
the development of lumbar disc herniation. Sgrensen
et al. additionally described body height as a predictor as-
sociated with lumbar herniated discs, while body weight
was only slightly associated with LDH [31]. In asurprising
finding, Mirza Pojskic et al. indicated an increased rela-
tive risk of LDH in cigarette smokers [4]. Risk factors that
may contribute to lumbar spinal herniation should be
avoided whenever possible.
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Abstract

The Baltic Sea, one of the most congested seas in Europe, is particularly vulnerable to pollution due to its shallow depth
and enclosed nature. After World War I, tons of German chemical weapons were dumped there on the orders of the
Allied forces. It is estimated that around 40,000 tons of these weapons and munitions - including dangerous chemical
agents such as sulfur mustard, tabun, and phosgene - now lie on the sea floor. These substances pose a serious threat to
both marine life and human health, especially if leaks occur as a result of corrosion in the shells or containers in which
the chemicals are stored. Regular monitoring of the condition of these containers is therefore essential. In this context,
unmanned maritime systems - including underwater, surface, and aerial vehicles - play a crucial role in monitoring and
neutralizing the threats posed by chemical weapons on the Baltic Sea floor. Working in collaboration, these systems can
be used for detection, mapping, and environmental analysis to help minimize the risks associated with these substances.

Streszczenie

Morze Battyckie jest zbiornikiem wodnym szczegélnie narazonym na zanieczyszczenia ze wzgledu na swoja niewielka
gtebokos¢ i zamkniety charakter. Po Il wojnie Swiatowej, w ramach operacji alianckich, zostata zatopiona w nim nie-
miecka bron chemiczna. Szacuje sie, ze na dnie znajduje sie okoto 40 tysiecy ton chemikaliow, w tym niebezpieczne
srodki bojowe, jak iperyt siarkowy, tabun czy fosgen. Zatopione substancje stanowig powazne zagrozenie dla $rodo-
wiska morskiego i zdrowia ludzi, zwtaszcza w przypadku uwolnienia ich np. na skutek korozji korpuséw amunicji czy
pojemnikéw, ktérych stan powinien podlegaé statej kontroli. W tym kontekscie rosnace zainteresowanie bezzatogo-
wymi systemami morskimi, w szczegdlnosci pojazdami podwodnymi, powierzchniowymi oraz powietrznymi, staje sie
kluczowy w monitorowaniu i neutralizacji zagrozen zwigzanych z zatopiong bronig chemiczng. Wspétdziatanie tych
systemow moze by¢ wykorzystywane do wykrywania, mapowania oraz analizy srodowiskowej w celu zminimalizowa-
nia ryzyka zwigzanego z tymi substancjami.

Keywords: Baltic Sea; ecological safety; civil protection; chemical weapons; unmanned maritime systems

Stowa kluczowe: Morze Battyckie; bezpieczenstwo ekologiczne; ochrona ludnosci cywilnej; bron chemiczna;
bezzatogowe systemy morskie
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Introduction

The history of chemical weapons sunk in the Baltic Sea
is closely linked to the military operations of World War
land World War Il. During that time, vast quantities of tox-
ic agents were produced for filling aerial bombs, artillery
shells, grenades, mines, and metal containers. It is esti-
mated thatbetween 1914 and 1918, around 180,000tons
of chemical warfare agents (CWAs) were produced [1].
The widespread deployment of chemical weapons dur-
ing this period resulted in the poisoning of approximately
1.2 million people, with about 100,000 fatalities [2].
In the interwar period and during World War I, the
production and development of chemical weapons con-
tinued. Previously used agents, such as sulfur mustard
(yperite), lewisite, and adamsite, remained in military use,
while new, more toxic organophosphorus compounds -
including tabun and sarin - were developed. During the
military operations in Europe, not all of the stockpiled
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weapons were used, which, after the war, created the
problem of disposing of both chemical munitions and the
CWAs themselves [1]. Various methods were employed
to eliminate them: some were buried, others incinerated
or neutralized, while vast quantities were dumped into
seas and oceans. It was a widely accepted practice from
the early 20th century until the 1970s, considered at
the time to be the safest and cheapest way to dispose of
chemical weapons. A key turning point in this matter was
the Potsdam Conference in 1945, where the disposal of
chemicalweaponsinthe Baltic Seawas officially approved
as part of Germany’s demilitarization process [1, 3].
Today, it is estimated that within Poland’s exclusive eco-
nomic zone (EEZ), the risk of human exposure or contam-
ination of ships by submerged chemical weapons exists
across an area of approximately 340 km? (Fig. 1). The EEZ
is an area of maritime waters under Poland’s jurisdiction,
granting it broad sovereign rights over resources and
economic activities within 200 nautical miles from the
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coastline. Within the Polish EEZ, Polish maritime authori-
ties have designated six hazardous zones, which include:
the area near Bornholm - at the border with the Danish
EEZ, covering approximately 220 km? - as well as regions
close to Dziwnéw (88 km?), Kotobrzeg (8 km?), Dartowo
(8 km?), Hel (8 km?), and the Gdarsk Deep (approximately
8 km?) [4, 5]. The estimated quantity of chemical muni-
tions in these areas ranges between 10,000 and 12,000
units [4, 6].

In Polish maritime areas, the largest quantities of chemi-
cal weapons were dumped in the Gdansk Deep. They
were deposited there as a result of actions by Weimar
Germany, Nazi Germany, Soviet forces, the GDR, and
the USSR. It is estimated that around 60 tons of chemi-
cal munitions, mainly containing sulfur mustard (mustard
gas), were dumped in these areas. An additional hazard
comes from conventional munitions that were disposed
of alongside chemical weapons [4]. Table 1 presents the
characteristics of the areas within Polish maritime wa-
ters where there is a risk of contact with CWA, as well
as the types of chemical weapons recovered from these
areas.

Chemical munitions lying on the Baltic Sea floor become
particularly hazardous if toxic substances are released
into the water. This can occur due to the corrosion of
metal containers or as a result of explosions during re-
search, recovery, or operational activities. Such events
can cause the rapid dispersal of CWAs in the form of an
aerosol, suspension, or colloid, leading to environmental
contamination [2]. Health risks to humans include direct
exposure of fishermen to chemical munitions, consump-
tion of contaminated fish, and beach pollution from con-
tainers washed ashore [7, 8].

In the first half of the 1950s, reports began to emerge
of containers with sulfur mustard being washed ashore
along the Polish coast, southwest of Bornholm, and along
shipping routes leading to dumping sites in the Gotland
Deep and Bornholm Deep [4]. Until 2012, incidents in-
volving chemical weaponsin the Baltic Seawererecorded

by the Danish Navy on behalf of the Helsinki Commission
(HELCOM). However, since 2013, Denmark has discon-
tinued this practice, resulting in a lack of official data on
such incidents after that date. Nevertheless, several in-
cidents are still reported each year. Analysis of recorded
events shows a decline in their number since 2000 (with
the exception of 2003). Experts suggest this trend may
be attributed to shifts in local fish stocks, reduced fishing
activity in high-risk zones, and the use of modern fishing
gear. Additionally, underreporting remains an issue -
fishermen often fail to report retrieved hazardous ob-
jects if no one was harmed, which may skew the statistics
downward [4].

It can be concluded that chemical weapons are dispersed
over a much wider area than indicated in the reports pre-
pared by the HELCOM CHEMU Working Group based
on available archival documentation. Numerous cases
of encounters with chemical weapons and leaked chemi-
cal warfare agents outside designated disposal zones
suggest that weapons were frequently dumped en route
to their intended sites, and that unauthorized disposal
occurred in undesignated areas, many of which remain
largely unmapped to this day. In light of the intensive ex-
ploitation of the Baltic Sea, which plays a key role in the
European economy, there is a growing need to imple-
ment modern technologies, including unmanned marine
systems, for monitoring and neutralizing contamination.
Therefore, effective management of this issue requires
not only a thorough analysis of existing threats, but also
the implementation of innovative technological solutions
that can safeguard this precious ecosystem from the con-
sequences of past chemical weapons disposal activities.

Unmanned maritime systems

Unmannedvehicles,includingaerialandmaritimesystems,
are seeing increasingly widespread applications [9, 10].
Their potential is particularly evident in marine research
and monitoring, where these advanced technologies of-
fer new possibilities for both exploring and protecting
the marine environment [11]. Unmanned maritime sys-

Table 1. Risk zones for chemical warfare agent exposure in Polish marine waters. Source: Fabisiak [4]

| Hydrogeological characteristics

| Type of ammunition

e depth: 70-105m
Bornholm e salinity: 7-16 PSU
e temperature at the seabed: 5-6°C

bombs, artillery ammunition, mines, containers, and
canisters with mustard gas and arsenic compounds

e depth: 10-16 m

artillery shells containing mustard gas and arsenic

e temperature at the seabed: 5-6°C

Dziwnow e salinity: 7.5 PSU compounds

e temperature at the seabed: 5-6°C P

e depth: 65 m . -, . .

L bombs, artillery ammunition, mines, containers, and

Kotobrzeg * salinity: 7-16 PSU . . canisters with mustard gas and arsenic compounds

e temperature at the seabed: 5-6°C

e depth: 90 m
Dartowo e salinity: 7-16 PSU mustard gas bombs

e depth:to 117 m
Hel e salinity: low
e temperature at the seabed: 5-6°C

bombs, artillery ammunition, mines, containers, and
canisters with mustard gas and arsenic compounds

e depth:80-110m
Gdansk Deep e salinity: 7-16 PSU
e temperature at the seabed: 5-6°C

mustard gas bombs; conventional munitions were also
dumped inthe area.

PSU - practical salinity unit
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tems encompass a broad range of technologies. Based on
their operational characteristics, they can be classified
into three main categories: unmanned underwater vehic-
les (UUVs) [12], unmanned surface vehicles (USVs) [13],
and unmanned aerial vehicles (UAVs) [14] used for ma-
ritime operations. Each of these systems offers distinct
advantages and limitations, while their integrated opera-
tion can ensure optimal mission effectiveness.

Unmanned underwater vehicles are capable of operating
in challenging deep-sea conditions where manned ves-
sels cannot function, enabling the monitoring and explo-
ration of otherwise inaccessible locations. Additionally,
their long endurance allows them to carry out missions
lasting many hours, or even days, without the need to re-
turn to the surface [12]. Equipped with advanced sensors
and imaging systems, UUVs provide high-precision sea-
bed mapping data, facilitating the identification of ship-
wrecks [15] and hazardous objects like chemical weap-
ons [16]. On the other hand, their limitations arise from
the challenges of underwater communication, which ne-
cessitate autonomous operation. This can lead to delays
in responding to dynamic or rapidly changing situations.
In addition, depth and variable conditions may limit the
effectiveness of sensors, adversely affecting the quality
of the collected data [12].

In contrast, unmanned surface vehicles maintain conti-
nuous contact with the base, allowing real-time data ex-
change and swift responses to changing conditions [17].
They also serve as support platforms for other unmanned
systems, such as underwater vehicles and aerial systems,
providing power and communication points. Their lower
operating cost, compared to manned units, makes them
more cost-efficient [10, 12, 14, 15]. However, USVs are
vulnerable to changing weather conditions, which may
impede their operation, and they offer limited mobili-
ty compared to aerial systems - a significant drawback
when operating over large water areas [13, 17].

Unmanned aerial vehicles, on the other hand, are dis-
tinguished by their speed and agility, enabling them to
rapidly cover long distances [10, 14]. This makes them
particularly well-suited for immediate reconnaissance,
large-scale monitoring, and rapid response to emerging
threats. Equipped with advanced cameras and sensors,
they provide real-time imagery and data to support de-
cision-making processes in maritime operations. Addi-
tionally, their operational flexibility enables rapid deploy-
ment and retrieval of units as needed. However, limited
flight time due to battery capacity necessitates frequent
recharging or swaps, and their effectiveness can be sig-
nificantly reduced by harsh weather conditions such as
strong winds and rain, posing a major challenge during
prolonged open-sea missions.

Each of the aforementioned unmanned systems has dis-
tinct strengths and limitations, but their combined de-
ployment creates an optimal support framework. UUVs
provide valuable deep-sea data, USVs serve as commu-
nication hubs and surface support platforms, while UAVs
deliver real-time aerial surveillance.

Unmanned surface vehicles conduct detailed surface
water monitoring and perform measurements in coastal
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zones. Aerial platforms provide extensive airborne sur-
veillance coverage, enabling wide-area monitoring and
identification of potential hazard zones. Meanwhile, div-
ing drones conduct deep-water investigations, collecting
direct seabed data and profiling threat-source environ-
ments. Data collected by these three types of platforms
is transmitted in real time to a central analytical system.
Leveraging advanced computing technologies such as ar-
tificial intelligence algorithms and 3D spatial modelling,
the system performs multi-layered data analysis. Based
on the obtained results, operational decisions are made
in accordance with previously developed safety proto-
cols. Thanks to this integrated architecture, the system
enables precise mapping of sunken chemical weapons,
assessment of potential threats, and rapid implementa-
tion of protective measures, minimizing the risk to the
environment and humans (Fig. 2).

When integrated, these three categories of unmanned
maritime systems complement one another, forming
a comprehensive solution capable of addressing even the
most demanding operational challenges.

Applications of unmanned maritime systems

The use of unmanned systems for monitoring and neutral-

izing chemical weapons sunk in the Baltic Sea includes:

B Detection and mapping. Unmanned underwater ve-
hicles are equipped with advanced sensors, such as
sonars, magnetometers, and imaging systems, which
enable precise seabed mapping and identification of
objects that may pose a potential threat.

B Monitoring and environmental analysis. Unmanned
underwater and surface vehicles can be deployed to
collect water and seabed sediment samples for che-
mical analysis and contamination assessment. Regu-
lar measurements allow for continuous monitoring
of potential leaks and their impact on the ecosystem.
Currently, due to technological limitations, direct on-
-site sample analysis is not feasible. Consequently,
collected sediments, water, or fragments of objects
must be transported to specialized laboratories for
examination However, research is underway to de-
velop sensors capable of performing direct analysis
in the surveyed area. One promising innovation is
a neutron analyzer, which would enable on-site iden-
tification of hazardous substances.

B Threat neutralization. Unmanned systems can also
take part in threat neutralization operations, for
example by precisely placing explosive charges for
the controlled destruction of corroded chemical we-
apon containers.

Challenges related to the use of unmanned vehicles
for monitoring the Baltic Sea floor

The advancement of unmanned maritime systems un-
doubtedly offers significant benefits, particularly in miti-
gating or eliminating hazards posed by dangerous sub-
merged objects - such as chemical weapons - in seas and
oceans. However, these systems also present certain lim-
itations that should guide future technological develop-
ments. A primary concern is the safety of unmanned vehi-
cle operations. Operations in chemical weapon dumping
zones - characterized by highly dynamic conditions - are
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Figure 2. Integrated support system using unmanned platforms for monitoring chemical weapons hazards on the Baltic seafloor.
USV - unmanned surface vehicles; UUV - unmanned underwater vehicles; UAS - unmanned aircraft system

extremely hazardous, require rapid response capabili-
ties, and carry a high risk of serious accidents if mistakes
occur [18]. Moreover, operations in the Baltic Sea often
require cooperation between multiple countries, which
can be complicated due to differences in legal regula-
tions, operational procedures, and levels of technologi-
cal advancement [19]. To minimize risks associated with
such operations, several preventive measures should be
considered. First and foremost, before commencing op-
erations, a detailed risk analysis should be conducted to
identify potential hazards and develop contingency plans.
Drone operators should undergo regular training, includ-
ing crisis simulations, to prepare for various scenarios.
It is also essential to ensure that personnel operating un-
manned maritime vehicles are well-trained in data analy-
sis and in carrying out activities without endangering or
obstructing traffic in the Baltic Sea. This type of training
should cover topics related to hazard identification, pro-
cedures for handling emergency situations, operation of
specialized equipment, evacuation protocols, as well as
principles for minimizing the impact of operations on the
marine environment and navigational safety. Therefore,
it is essential to develop and implement strict safety pro-
cedures for working with unmanned maritime systems,
particularly in areas classified as hazardous.

Another challenge lies in the technological limitations
associated with operating equipment in the difficult con-
ditions of the Baltic Sea, such as high pressure, low tem-
perature, limited visibility, and the presence of other ves-
sels [20-22]. For this reason, it is essential to develop an
information system that integrates and supports the op-
eration of various types of unmanned vehicles - includ-
ing underwater, surface, and aerial systems. The devel-
opment of such systems should deliver comprehensive
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and complementary data, enabling precise detection and
mapping, as well as facilitating environmental analyses
related to chemical weapons and toxic agents located on
the Baltic Sea floor.

Another factor that should not be overlooked is the high
cost of purchasing, maintaining, and operating advanced
unmanned systems, which can be a barrier to their wide-
spread adoption. The Baltic Sea is an international body
of water, which is why the development of a monitoring
program and the sharing of its costs should be a shared
responsibility among all Baltic states. It is necessary to
agree on a joint financing strategy for unmanned mari-
time systems to monitor threats related to submerged
chemical weapons.

The role of Polish science and numerous academic cen-
ters in Poland, which monitor and study the ecologi-
cal safety of the Baltic seabed, is also very important.
Adequate funding for Polish science is essential, as it
can drive significant progress in developing information
systems that enhance the ergonomics, performance, and
energy efficiency of unmanned vehicles. Equally impor-
tant is the involvement of biologists analyzing ecological
changes caused by chemical weapons submerged on the
Baltic seabed [23, 24].

Conclusions

Unmanned maritime systems hold significant potential
for enhancing the mapping, monitoring, and neutraliza-
tion of hazards related to chemical weapons in the Bal-
tic Sea. The development of advanced technologies can
significantly improve ecological and health safety in this
region. Further efforts are needed to integrate individual
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unmanned systems and improve cooperation between
them. This requires investment in technology develop-
ment and the creation of comprehensive strategies and
procedures to enable effective and safe management of
the threat elimination process.
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Abstract

Erectile dysfunction is a common sexual disorder among men. The complexity of its aetiology, problems with thera-
peutic efficacy and convenience prompt the search for new solutions that could improve the existing treatment ap-
proaches. The article presents a set of innovative surgical, physiotherapeutic and pharmacological solutions for erec-
gtile dysfunctions, including stem cell therapy, platelet-rich plasma therapy, low energy shock wave therapy, as well as
pharmacological innovations using amorphous solid dispersions of phosphodiesterase-5 inhibitors.

Streszczenie

Zaburzenia erekcji sg czestym problemem z zakresu dysfunkcji seksualnych mezczyzn. Ztozonos¢ ich przyczyn, ograni-
czenia skutecznosci i wygody obecnych metod leczenia, a takze powszechno$é wystepowania sprawiaja, ze konieczne
jest nieustanne poszukiwanie nowych rozwigzan, ktére mogtyby ulepszy¢ dotychczasowe formy leczenia. W artykule
przedstawiono przeglad innowacyjnych metod terapii zaburzen erekgji, ktére podzielono na metody zabiegowe, fizjote-
rapeutyczne oraz farmakologiczne. Omdéwiono m.in. terapie komdérkami macierzystymi, terapie osoczem bogatoptytko-
wym, terapie falg uderzeniowg o niskiej energii oraz innowacje farmakologiczne z wykorzystaniem amorficznych statych
dyspersji inhibitorow fosfodiesterazy-5.
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Introduction and pharmacological approaches. This prompted us to
summarize the latest innovations in ED therapy.

Erectile dysfunction (ED) is the most common type of

sexual dysfunction in men. Treatment options include
both symptomatic and causal approaches, with differen-
tial diagnosis playing a key role in causal treatment [1].
Erectile dysfunction is defined as the inability to achieve
or maintain an erection adequate for satisfactory sexual
intercourse. Multiple mechanisms may be involved in its
pathophysiology. These include vascular, neurogenic, ana-
tomical, hormonal, drug- or substance-induced, and psy-
chogenic factors, which may coexist and mutually exacer-
bate ED [2]. Since effective ED treatments are still lacking,
novel, more effective therapeutic modalities are being ex-
plored, including surgical, physiotherapeutic, behavioural,
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Pharmacological treatments for ED aim to temporar-
ily improve sexual performance rather than address
the underlying cause or provide a permanent outcome.
Regenerative therapies that may reverse changes leading
to EDs include platelet-rich plasma (PRP) injections, low-
intensity extracorporeal shockwave (LI-ECSW), and stem
cell therapy [3].

Stem cell therapy

Injection of mesenchymal stem cells (stem cell therapy,
SCT) or stromal vascular fractions derived, among oth-



ers, from adipose tissue, is one of medical interventions
used to treat ED.

To date, most studies have been conducted in rodents.
A recent systematic review identified five human studies
on SCT for erectile dysfunction. These phase | and I trials
included a total of 61 patients. Importantly, none of the
studies reported serious adverse events (AEs), and their
results were indicative of a positive therapeutic effect.
However, the authors of the review emphasize that the
limited data in this area warrant further in-depth clinical
trials to assess the efficacy and safety of this therapy, par-
ticularly in patients with prostate cancer [3].

Platelet-rich plasma

Platelet-rich plasma (PRP) is a natural blood-derived
product containing biologically active platelets, which
release growth factors such as vascular endothelial
growth factor (VEGF), epidermal growth factor (EGF),
insulin-like growth factor (IGF-1), platelet-derived
growth factor (PDGF), and fibroblast growth factor
(FGF), which stimulate cell growth, proliferation, and
differentiation, as well as collagen and elastin produc-
tion, promoting tissue regeneration and faster wound
healing. Growth factors also stimulate angiogenesis,
giving rise to new blood vessels. PRP is obtained by
centrifuging the patient’s venous blood, typically col-
lected from the ulnar vein (approximately 10 mL), us-
ing an FDA-approved separation process. The resulting
PRP is then injected into corpora cavernosa. Contrain-
dications include blood disorders, cancer, skin lesions
at the injection site, and poorly controlled diabetes
mellitus [4].

The first randomized, double-blind, placebo-controlled
clinical trial was conducted among 60 sexually active
patients with mild to moderate ED, forming two equal
groups (n = 30): one receiving 10 mL of PRP, and one re-
ceiving placebo intracavernosal injections. Participants
did not use any other ED treatments during the study.
Erectile function was assessed at 1, 3, and 6 months af-
ter treatment completion. The results were very promis-
ing with improved erectile function in 69% of the study
group vs 27% in the placebo group at 6 months. These
patients were also more satisfied with the treatment.
The results observed at 1 and 3 months were consistent
with the final results. No adverse events were reported
during the study [5].

Another clinical trial, conducted in a group of 34 patients,
showed that PRP intracavernosal injections were partic-
ularly beneficial for smokers [6].

Accordingtoa2015-2020 study, PRP injections can be
a beneficial addition to low-intensity extracorporeal
shock wave therapy (Li-ESWT) in ED patients who had
not responded to at least 3 months of treatment with
phosphodiesterase type 5 inhibitors (tadalafil at 5 mg
daily). The patients were randomised into two groups:
Li-ESWT alone and Li-ESWT combined with PRP.
Although the increase in IIEF-EF (International Index
of Erectile Function - Erectile Function domain) was
similar in both groups, the PRP plus Li-ESWT group ex-
perienced a 1.5- to 3.5-fold longer duration of vaginal
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penetration. No adverse events were reported, with all
patients on the combination therapy expressing a de-
sire to continue PRP injections [7].

In conclusion, although PRP intracavernosal injections
seem to be a potentially safe, innovative and promising
treatment approach for ED and improving sexual func-
tion in men, further clinical trials are needed to confirm
these reports.

Low-intensity extracorporeal shock wave therapy

Low-intensity extracorporeal shock wave therapy (Li-ES-
WT) is a first-line treatment for erectile dysfunction [8].

Li-ESWT is a form of acoustic wave with unique proper-
ties: it generates a sudden rise in pressure that rapidly
decreases to a negative value, with propagation speed
higher than that of typical sound waves. Li-ESWT en-
ergy, generated by electrohydraulic, electromagnetic, or
piezoelectric sources, is delivered through an applicator
placed on the penis, which is coated with gel to eliminate
the air layer. Key treatment parameters include energy
density (<0.2 mJ/mm?), frequency (Hz), and number of
pulses. Their selection impacts the therapeutic effect [9].
It is worth noting that there is currently no standardised
protocol for Li-ESWT in the treatment of ED, as empha-
sized in 2018 during the 20th Congress of the European
Society for Sexual Medicine (CESSM) and the 21st World
Meeting of the International Society for Sexual Medicine
(WMISSM) [10].

Researchonthe use of Li-ESWT in patients with ED was
initiated by Gruenwald et al. [11], who described and
defined metabolic and tissue processes involved in the
formation and development of blood vessel networks.
Several mechanisms are thought to underlie the ben-
eficial effects of Li-ESWT in ED, including stimula-
tion of penile tissue mechanoreceptors, reduction of
inflammation, recruitment and activation of endo-
thelial progenitor cells (EPCs), and both neuropro-
tective and neuroregenerative effects [12]. In their
studies in rats, Lin et al. [13] demonstrated increased
stem cell proliferation in penile tissue after 48 hours
and 1 week of Li-ESWT (in-situ), with stronger thera-
peutic effects in young animals compared to mid-
dle-aged ones, and higher doses producing greater
benefits. In turn, Scorpo et al. [14] demonstrated im-
proved penile microcirculation in men undergoing
Li-ESWT (based on Doppler flow analysis).

The beneficial effects of Li-ESWT in ED are observed at 6
and 12 months, but gradually deteriorate, reaching a pla-
teau of about 40% at 5 years post-treatment (according
to patients’ subjective assessments) [15-17]. It is also
noteworthy that Li-ESWT is a non-invasive, safe proce-
dure, and precise targeting of the treatment site helps
protect surrounding tissues. However, it is important to
note that Li-ESWT for ED may cause discomfort due to
the nature of the procedure, and patients should be ade-
quately informed beforehand. A review of available stud-
ies showed virtually no adverse reactions to Li-ESWT for
ED. Furthermore, our clinical experience indicates that
patients describe the procedure as well-tolerated and
even relaxing.
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Unfortunately, Li-ESWT treatments for ED are not reim-
bursed in Poland and can be quite costly. This, combined
with limited awareness of the method’s effectiveness
among both patients and medical personnel, as well as
the small number of centres offering this treatment in
our country, makes Li-ESWT poorly accessible. Based on
current research findings, we believe that it is worth pro-
moting Li-ESWT in the treatment of ED.

Innovative pharmacological treatments for ED

Phosphodiesterase-5 inhibitors (PDE5Is) are currently
used as the first-line treatment for ED and represent the
most common form of pharmacotherapy. In later phases
(second-line treatment), other agents such as alprostadil
or papaverine may be used, administered either as an in-
traurethral gel or via intracavernosal injection. PDE5Is
are widely tolerated by patients due to their convenient
oral formulations (tablets, films, and powders for oral sus-
pension). However, discontinuing PDE5I therapy is very
common. Studies indicate poor compliance with PDE5I
treatment, despite its high efficacy [18]. Therefore, new
pharmacological treatments are being explored, using
known substances with improved performance param-
eters that may enhance compliance.

The mechanism of action of PDE5Is is based on the selec-
tive inhibition of phosphodiesterase type 5, an enzyme
found in various tissues, including the corpus caverno-
sum of the penis. As a result, the breakdown of cyclic
guanosine monophosphate (cGMP) is inhibited. The ac-
cumulated cGMP induces a decrease in smooth muscle
calcium ions, leading to relaxation of vascular and cav-
ernous smooth muscle, increased blood flow, and erec-
tion. However, nitric oxide (NO), released locally during
sexual stimulation as the primary mediator of erection,
with cGMP acting as a secondary mediator, is a key factor.
Consequently, the effectiveness of PDE5I depends on ad-
equate release of NO, which activates guanylate cyclase
to produce cGMP. PDES5Is act only by increasing cGMP
levels through inhibition of its degradation [19].

The PDES5I class includes five drugs: sildenafil, tadalafil,
vardenafil, avanafil, and udenafil. Udenafil is not ap-
proved for use in Poland, the United States, and many
other countries. These medications vary in efficacy, as
confirmed by a recent meta-analysis of systematic re-
views on PDES5Is and erectile dysfunction. Their efficacy
as compared to placebo was often dose-dependent in the
general population [20]. All five inhibitors have specific
dosage ranges. In Poland, the available doses are 25 mg,
50 mg, and 100 mg for sildenafil; 5 mg, 10 mg, and 20 mg
for tadalafil; 5 mg, 10 mg, and 20 mg for vardenafil; and
50 mg, 100 mg, and 200 mg for avanafil. The choice of
appropriate dose depends on the patient’s response.
In some cases, physicians may prescribe the maximum
dose. In recent years, 10 mg tadalafil has also become
available over the counter in Poland. All PDES5Is dis-
cussed in this paper belong to the second class of the Bio-
pharmaceutics Classification System (BCS). The second
group comprises substances that are poorly soluble in
water, but easily penetrate biological membranes, which
makes their absorption rate similar to their dissolution
rate in water [21-25]. Due to possible adverse reactions,
the need for optimal formulations, and the possibility of
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improving bioavailability while reducing treatment costs,
efforts are being made to enhance the water solubility of
these compounds.

Amorphous solid dispersions (ASDs) are systems where
the amorphous form of a pharmacologically active sub-
stance is molecularly dispersed within a carrier matrix
that, due to its physicochemical properties, effectively
stabilizes the amorphic substance. Their role in stabiliza-
tion is crucial, as the commercial crystalline forms of ac-
tive substances such as sildenafil, tadalafil, avanafil, and
vardenafil have poor water solubility. Converting them
into the more soluble amorphous form improves dissolu-
tion but reduces physical stability, necessitating appro-
priate stabilization. Achieving a physically stable amor-
phous form of the drug improves bioavailability, which
may allow for lower doses of the active substance while
maintaining efficacy. Enhanced solubility can also accel-
erate drug action by facilitating membrane penetration
and delivery to the target site [26-28].

The amorphous state of the substance is beneficial due to
its improved water solubility and the resulting increase
in bioavailability. The process of converting a crystalline
form into an amorphous one is referred to as a phase tran-
sition as the elemental composition, molecular formula,
and structural formula of the molecule remain unchanged.
Only the crystal structure changes. The presence of dif-
ferent crystallographic forms of a given substance results
from the different spatial arrangement of its molecules.
Unlike the crystalline form, the amorphous form exhibits
only short-range order, meaning that the molecular posi-
tions are not precisely defined. As a result, it shows vari-
able molecular mobility and exists in a less stable, high-
er-energy state than the crystalline form. This leads to
crystallization, resulting in reduced water solubility and
bioavailability of the drug. Therefore, efficient stabiliza-
tion of amorphous forms is essential. In ASDs, stabilization
can be achieved by using a carrier with suitable physico-
chemical properties. Key criteria for carriers include a high
glass transition temperature and an amorphous form.
Efficiency can be further improved by employing an appro-
priate excess of carrier [26].

Amorphous solid dispersions of sildenafil

Studies on the formation of sildenafil ASDs with glycyr-
rhizin and polymeric solubilizer Soluplus, using spray
drying as the amorphization method, demonstrated
satisfactory performance and an optimal particle size
(0.710 pm for a 1:1 drug-to-stabilizer weight ratio).
Furthermore, the ASD form showed higher drug release
efficiency compared to the pure substance. These results
were confirmed in a rat model, where sildenafil ASD led
to improved sexual activity compared to its crystalline
counterpart [23].

Similar studies on the impact of a stabilizing polymer on
the physicochemical stability of sildenafil ASD were pub-
lished in 2021. In these studies, the substance was amor-
phized by solvent evaporation using a rotary evapora-
tor. Among the three polymers tested (Kolliphor® P188,
Kollidon® 30, and Kollidon® VA64), all improved the solu-
bility of sildenafil ASD compared to its crystalline form.
The ASD system with Kollidon® VA64 was selected for
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further research as it showed the greatest improvement
in dissolution rate compared to crystalline sildenafil.
The amorphous nature of the systems was confirmed by
X-ray powder diffraction (XRPD) and differential scan-
ning calorimetry (DSC). For ASDs with Kolliphor® P188
and Kollidon® 30, the authors observed powder diffrac-
tion patterns indicative of a partially crystalline form of
the drug, as noted in their study results. The ASD formu-
lation of sildenafil with Kollidon® VA64 was considered
amorphous as it lacked the characteristic peak reflections
around 20° of 2-theta. However, the diffraction pattern
did not include the fully amorphous ‘halo’ typically seen
in a completely amorphous form. This may suggest that
the amorphization method is less efficient than, for ex-
ample, spray drying. When tested in a rat model, the for-
mulation significantly improved male sexual activity [29].
Furthermore, recent research from a Polish centre
highlighted the use of a carrier with plasticizing prop-
erties, which has (unlike previous studies) a glass tran-
sition temperature significantly lower than that of the
amorphous substance. This was achieved by using poly-
vinyl acetate polymer at high concentrations (75% by
weight). This led to the conclusion, suggesting areas
for further research, that plasticizers may also stabi-
lize ASD systems when used at concentrations at which
they no longer accelerate recrystallization, but instead
have the opposite effect [30].

Amorphous solid dispersions of tadalafil

Tadalafil was also investigated for physical stability in
an ASD prepared by spray drying, using glycyrrhizin as
a stabilizing carrier. This resulted in a significant increase
in the dissolution rate of tadalafil in the ASD with glyc-
yrrhizin compared to its crystalline form. A significant
improvement in sexual parameters was also observed in
rats for the formulation with a 1:2 tadalafil-to-glycyrrhi-
zin weight ratio. It maintained physicochemical stability
in studies conducted after one month [23].

Other studies have also confirmed the improved solu-
bility of tadalafil in ASD formulations with polymeric
carriers compared to its pure crystalline form. This was
important as it allowed for comparing various amor-
phization methods, including solvent evaporation using
a rotary vacuum evaporator, spray drying, and melt ex-
trusion. Regardless of the approach used, the dissolution
rate increased, although the release profiles differed de-
pending on a given method. The highest dissolution rate
was consistently observed in the formulation prepared
by solvent evaporation using a rotary vacuum evapora-
tor. Differences in release rates and the amount of drug
released likely resulted from the distinct morphologies
of particles formed during the individual amorphization
processes. Furthermore, the researchers observed that
the molecular weight of the polymer carrier affected
drug release efficiency: tadalafil release decreased with
increasing polymer molecular weight [31].

Amorphous solid dispersions of vardenafil
Vardenafil was also amorphized to explore its physico-

chemical stability, this time using lyophilization. Formu-
lations were prepared with B-cyclodextrin and hydroxy-
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propylmethylcellulose in various proportions. Optimal
solubility in a formulation containing cyclodextrin was
achieved with a 1:5 weight ratio of vardenafil to cyclo-
dextrin. All amorphous vardenafil systems, regardless
of the polymer used, showed an improved dissolution
profile compared to pure crystalline vardenafil. Addition-
ally, the formulation with B-cyclodextrin at a 1:5 ratio
exhibited enhanced permeability across biological mem-
branes [32].

Amorphous solid dispersions of avanafil

Avanafil was amorphized to create an ASD incorporated
into a self-emulsifying drug delivery system (SEDDS).
This formulation (containing lipids, surfactants, cosurfac-
tants, and the drug itself) rapidly formed an oil-in-water
(O/W) nanoemulsion. The resulting high-surface-area
globules, combined with peristaltic mixing, enhanced the
drug’s solubility in water. The development of SEDDSs
using amorphous avanafil gave rise to formulations that
remained stable for six months and exhibited a 3.2-fold
increase in bioavailability compared to the commercial
crystalline form of the drug [33].

An amorphous form of avanafil was also produced using
a three-step process involving solvent precipitation, ul-
trasound, and high-pressure homogenization, resulting
in avanafil stabilized with polyvinyl alcohol. However,
this approach was less effective in enhancing solubility
compared to nanoparticle sonoprecipitation [34].

The discussed studies on amorphous solid dispersions of
PDES5Is highlight a promising research direction focused
on enhancing pharmacotherapy by modifying existing,
well-known substances. This strategy not only reduces
the substantial costs associated with bringing new drugs
to market, which can reach billions of dollars, but also im-
proves the bioavailability of existing medications, allows
for lower dosages, reduces certain adverse effects, low-
ers production costs, and ultimately prices for patients.
Furthermore, research in this area may alter the drug’s
release kinetics, potentially resulting in a more rapid on-
set of action - a factor that could be crucial for improv-
ing sexual comfort and quality of life in men with erectile
dysfunction.

Conclusions

The innovative ED treatment methods described in this
paper are often still at the preliminary preclinical stage.
The complexity and prevalence of EDs prompt research-
ers worldwide to explore increasingly advanced pharma-
cological and surgical strategies. In the coming years, we
can expect adynamicrise ininterest in these approaches,
potentially leading to the establishment of new stan-
dards for ED treatment.
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Abstract

The history of monitoring neuromuscular conduction dates back to the 16th century when studies were conducted on
curare, a plant-derived toxin used by Native Americans to poison arrows. Later studies made it possible to describe the
concept of the neuromuscular junction, but it was not until the 20th century that the mediator acetylcholine was isolated.
Measurement of neuromuscular transmission gained clinical importance when it became apparent that almost half of
the patients who received a long-acting muscle relaxant were admitted to the post-operative room with incomplete
resolution of neuromuscular block. Today, neuromuscular junction measurement devices using acceleromiography are
becoming standard equipment in the operating theatre.

Streszczenie

Historia monitorowania przewodnictwa nerwowo-mie$niowego siega XVI wieku, kiedy prowadzono badania nad ku-
rarg, uzywana przez Indian do zatruwania strzat. PéZniejsze analizy umozliwity opisanie zjawiska ztagcza nerwowo-
-miesniowego, jednak dopiero w XX wieku udato sie sprecyzowac role mediatora, jakim jest acetylocholina. Pomiar
przewodnictwa nabierat coraz wiekszego znaczenia klinicznego, gdy okazato sie, ze prawie potowa pacjentéw, ktorzy
otrzymali dtugodziatajacy sSrodek zwiotczajacy miesnie, trafiata na sale pooperacyjng z niepetnym ustapieniem blo-
kady nerwowo-miesniowej. Obecnie urzadzenia do pomiaru przewodnictwa nerwowo-miesniowego wykorzystujace
akceleromiografie stajg sie standardowym wyposazeniem bloku operacyjnego.
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tetanic count (PTC)
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What is neuromuscular transmission and why is it
assessed?

Neuromuscular transmission is the process of convert-
ing an electrical impulse conducted by a nerve into
muscle contraction [1]. Skeletal muscles are primarily in-
nervated by motor neurons (a-motoneurons) located in
the anterior horns of the spinal cord. As they approach
muscle fibres, motor neuron axons branch into fine nerve
endings, become covered by Schwann cells, lose their
myelin sheath, and form the neuromuscular junction [2].
The neuromuscular junction (NMJ) is a specialized con-
nection that enables the conversion of a nerve impulse
into muscle contraction through the action of the neu-
rotransmitter acetylcholine (ACh). NMJ is composed of
three primary components: the presynaptic terminal, the
postsynaptic membrane, and the synaptic cleft, which is
the space between the axon terminal and the muscle cell
membrane [3].

When a nerve impulse (action potential) reaches the
axon terminal of a motor neuron, the presynaptic mem-
brane depolarizes, opening voltage-gated calcium chan-
nels and causing a rapid influx of calcium ions (Ca?*) into
the nerve terminal. The rise in calcium ion levels in the
axoplasm triggers fusion of synaptic vesicles with the
presynaptic membrane, mediated by the SNARE pro-
tein complex (synaptobrevin, SNAP-25, and syntaxin),
whichresults in the release of ACh into the synaptic cleft.
ACh molecules diffuse across the synaptic cleft and bind
to nicotinic acetylcholine receptors (nAChRs) found on
the postsynaptic membrane of the muscle fibre. These
receptors are ligand-gated ion channels that open upon
binding two ACh molecules, allowing sodium ions (Na*)
to enter and potassium ions (K*) to exit the muscle cell.
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This generates a local depolarization of the postsynaptic
membrane. If the depolarization reaches the threshold,
voltage-gated sodium channels open, initiating an ac-
tion potential in the muscle cell membrane. The action
potential propagates along the muscle fibre and into the
transverse tubules (T-tubules), where it activates dihy-
dropyridine receptors (DHPRs). These receptors are
mechanically coupled to ryanodine receptors (RyR1)
in the sarcoplasmic reticulum. Activation of RyR1 leads
to the release of Ca?* into the cytoplasm. The increased
cytoplasmic Ca?* allows its binding to troponin C, caus-
ing tropomyosin to move away from the actin binding
sites and enabling actin-myosin interactions. Muscle
contraction is directly mediated by cross-bridge cycling.
For the process to occur, acetylcholine must first be re-
moved from the synapse. This task is carried out by ace-
tylcholinesterase (AChE), which breaks down ACh into
choline and acetic acid. The choline is then reabsorbed
by the nerve ending and used to resynthesize ACh, en-
abling continuous transmission of nerve impulses [1-3].
Figure 1 illustrates the motor end plate function.

Neuromuscular blockers (NMBs) inhibit the mechanism
described above, producing muscle relaxation. They are
widely used in anaesthesiology, particularly to facilitate
intubation and to maintain muscle relaxation during sur-
gical interventions [4].

Depolarizing neuromuscular blockers, such as succinyl-
choline, activate nicotinic cholinergic receptors in the
postsynaptic membrane of the motor end plate. Due to
their structural similarity to acetylcholine, they bind to
these receptors and trigger depolarization of the post-
synaptic membrane. This causes transient muscle fascic-
ulations. Succinylcholine has a short duration of action as
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Figure 1. The mechanism of action of neuromuscular junction
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it is rapidly hydrolysed by plasma cholinesterase, allow-
ing neuromuscular function to be quickly restored once
the drugis discontinued [5].

Non-depolarizingmusclerelaxants,suchasaminosteroids
(vecuronium, rocuronium) and benzylisoquinoline de-
rivatives (atracurium, cisatracurium), act as competitive
antagonists of nicotinic cholinergic receptors, producing
relaxation without depolarization [5].

Monitoring muscle relaxation helps assess the depth
of neuromuscular block, enhancing anaesthetic safety.
It also allows precise adjustment of muscle relaxant dos-
es and prevents patients from leaving the operating room
with residual paralysis. The importance of complete re-
covery from neuromuscular block was already high-
lighted in 1979 by Viby-Mogensen et al., who showed
that about 40% of patients receiving intraoperative long-
acting, non-depolarizing muscle relaxants entered the
postoperative recovery room without full blockade reso-
lution [6]. Monitoring the effects of these drugs enhances
patient safety while also reducing treatment costs [7].

The history of the discovery and use of curare

First references to a muscle relaxant date back to 1516,
when the Italian scholar Peter Martyr d’Anghera (1457-
1526), living in Spain, documented the use of curare,
asubstance used by South American peoples to coat their
hunting implements such as arrowheads. According to
his accounts, curare was so potent that even its vapours
could kill those preparing it [5, 8-10]. One of the first Eu-
ropeans to encounter curare directly was likely the Span-
ish conquistador and explorer Francisco de Orellana,
who during his Amazon River expedition (1541-1542)
observed indigenous peoples using arrows soaked in the
substance [11]. Alonso Pérez de Tolosa, who in 1548 ex-
plored the Lake Maracaibo regionin present-day Venezu-
ela, was another European to encounter the poison [12].
In 1745, Charles Marie de La Condamine described in his
Mémoires de '’Académie des Sciences curare and its pro-
duction from Strychnos and Chondrodendron species, and
also brought some samples to Europe [12].

In 1780, the Italian researcher Gasparo Ferdinando Fe-
lice Fontana (1730-1805) commented on the reports
describing curare’s extreme toxicity in a presentation to
the Royal Society, noting that although its fumes had an
unpleasant odour, they did not cause death in those who
inhaled them [8, 9]. Charles Waterton (1782-1865), an
English naturalist and explorer who, in the early 19th cen-
tury, travelled to Demerara (now Guyana) to oversee his
family’s sugarcane plantation, was the first person to ex-
periment with curare. He conducted his first experiment
on an injured dog, which did not survive the injection.
Subsequent trials on poultry and oxen showed that its ef-
fects depended on the dose administered. After return-
ing to England in 1814, he continued his research with
a series of experiments on donkeys. One donkey given
curare was kept alive through tracheotomy-assisted ven-
tilation for four hours and went on to survive for another
25 years. Waterton also appreciated curare’s medicinal
potential, suggesting that it might be useful in treat-
ing rabies [13, 14]. Dr. William Sewell (1781-1853), an
English veterinarian, tested this theory by administering
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curare with simultaneous ventilation to horses afflicted
with rabies. In 1811, Benjamin Brodie (1783-1862), an
English philosopher and surgeon, presented to the Royal
Society a study suggesting that an animal could survive
curare administration if resuscitated long enough. A year
later, he supported this claim by administering curare to
a cat and ventilating it for 160 minutes. After ventilation
ended, the animal initially remained paralyzed, but soon
regained mobility and stood up on its own. Although un-
aware of the substance’s exact mechanism, Brodie con-
cluded that the poison likely acted centrally [10, 13, 14].
Research into curare’s mechanism of action began in
the 1850s with the French physiologist Claude Bernard
(1813-1878), who conducted a series of experiments
on frogs. He administered the substance subcutane-
ously and dissected the animal immediately after death.
He discovered that the muscles retained normal con-
tractility under direct stimulation but failed to respond
to motor nerve stimulation [13, 14]. He performed the
same experiment on birds and mammals, with identical
findings. Based on this, he concluded that curare disrupts
the connection between motor nerves and muscles while
sparing the sensory nerves [15]. These experiments laid
the foundation for the later description of the motor end
plate by Claude Bernard’s colleagues Wilhelm Kiihne and
Wilhelm Krause (1833-1910) [16]. The definitive expla-
nation of curare’s mechanism of action emerged only in
the first half of the 20th century. In his paper published
in the Journal of Pharmacology and Experimental Thera-
peutics (1914), British physiologist and pharmacologist
Professor Henry Dale (1875-1968) demonstrated that
acetylcholine functions as a neurotransmitter in neuro-
muscular junctions [9]. In 1921, Otto Loewi described
the function of acetylcholine as a neurotransmitter in
his work “Uber humorale Ubertragbarkeit der Herzner-
venwirkung”. In 1936, both scientists were awarded the
Nobel Prize in Physiology or Medicine for their discover-
ies concerning the “chemical transmission of nerve im-
pulses” [13, 14].

L. A. Sayers was first to use curare in human medicine. In
1858, he administered the substance locally to a wound
on the thumb, which unfortunately resulted in the pa-
tient’s death. In 1932, West used curare to treat spastic
states such as Parkinson’s disease, tetany, and hemiple-
gia. However, treatment outcomes were inconsistent as
the preparation he used was not standardized [8]. Cura-
re entered clinical practice in 1940, when Abram Elting
Bennett (1898-1985) used it to treat metrazol-induced
convulsive seizures. Curare was introduced into the op-
erating room in 1942 by Canadian anaesthesiologists
Harold Griffith (1894-1985) and Enid Johnson (1909-
2001), who employed its muscle relaxant properties dur-
ing surgeries.

Measurement of neuromuscular block

Efforts to assess the degree of neuromuscular block did
not begin until 1949 [17], when English anaesthesiolo-
gist Geoffrey Organe (1908-1989) and colleagues ex-
plored human sensitivity to muscle relaxants and inves-
tigated whether their effects paralleled those observed
in animals. Three volunteers participated in the study.
The drug’s efficacy was assessed based on clinical mea-
surements. They assessed leg lifting, standing ability,
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grip strength, as well as abdominal and eyelid muscle
tone. Graphs were presented showing hand strength as
a percentage relative to the time elapsed after drug ad-
ministration [18]. That same year, Professor William W.
Mushin (1910-1993) and colleagues explored the effects
of Flaxedil, a gallamine-based nondepolarizing muscle re-
laxant widely used in the mid-20th century. They used
several tests to monitor its effects on the body. They
measured finger flexion strength with a dynamometer
and assessed abdominal muscle contraction strength.
The latter was measured in a volunteer laying supine with
their legs attached to a couch. A device with a pointer and
spring was placed over the centre of the rectus abdomi-
nis, which was pushed out by the muscle during an at-
tempt to raise legs on the doctor’'s command. Breathing
was recorded with a spirometer, along with blood pres-
sure and the plantar reflex [19].

The methods described above were the first attempts to
objectify the effects of muscle relaxants. While simple,
they had a major limitation: they could not be applied to
anaesthetized patients, who were unable to follow com-
mands. Thus, assessing neuromuscular block in uncon-
scious patients requires alternative approaches, such as
direct stimulation of muscle contractions [7].

The first reported use of nerve stimulation in anaesthe-
tized patients to assess muscle relaxant-induced relax-
ation likely dates to 1952 [17]. Finnish pharmacology
professor Stephen Thesleff (1924-2020) described the
effects of succinylcholine in his publication. To measure
the degree of muscle relaxation, the patient’s right hand
was mounted on a Brown-Schuster myograph. An elec-
trode connected to a stimulator delivering discharges at

Intensity

3/sec O

Off .
\ | 59/sec Min

Electrodes

Y/
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0.1 Hz was fixed to the right elbow, above the ulnar nerve.
Stimulation caused contraction of the fourth and fifth
fingers, and their movements were recorded by the myo-
graph. The responses were then traced with a kymograph
(a pen on a paper cylinder rotating at a constant speed).
In his study, Thesleff also monitored patients’ respiratory
muscle activity using two pneumographs and a Marey’s
tambour. The pneumographs were placed in the middle of
the sternum and halfway between the umbilicus and the
xiphoid process. Volume changes detected by the pneu-
mographs were transmitted to the Marey’s tambour and
recorded on a kymograph [20]. Electromyography was in-
troduced into clinical practice by Fritz Buchthal, and later
adopted in anaesthesiology by Thomas Hildred Christie
(1927-2017) and Harry Cunningham Churchill-Davidson
(1922-1995). In 1958, a description of a user-friendly
neuromuscular conduction stimulator designed for an-
aesthesiologists for use in the operating room was pub-
lished in the Lancet. The authors highlighted its potential
for diagnosing the causes of incomplete postoperative
recovery of muscle strength. This device allowed for de-
termining whether incomplete recovery was caused by
muscle relaxants, analgesics, or anxiolytics. It generated
a stimulating current at 3 Hz or 50 Hz, with adjustable in-
tensity. The study recommended using maximum intensi-
ty inunconscious patients to ensure a distinct contraction
of all muscle fibres supplied by a given nerve [21]. Figure 2
schematically illustrates the device described above.

Churchill-Davidson gradually improved the device he had
developed, presenting the first small, battery-powered
stimulator in Anesthesiology in 1965. The device allowed
voltage regulation from O to 250 V, generated pulses of
fixed 0.3 ms duration, and could deliver them individu-

Ulnar nerve

Stimulation of the ulnar
nerve with electrodes
mounted on the skin over
the nerve

Figure 2. A representative diagram of the St. Thomas Hospital Nerve Stimulator [15]. lllustration created with BioRender.com
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ally or in series at a frequency of 50-60 Hz. Interestingly,
while developing this device, he discovered a method to
differentiate between depolarizing and nondepolarizing
block based on muscle responses to stimuli. He noted
that cessation of contractions after, typically, four con-
secutive single pulses or following tetanic stimulation, is
a hallmark of nondepolarizing blockade [22].

Similar observations were made by Roberts and Wilson,
who in 1968 described a gradual decrease in muscle re-
sponses after four twitches when a 4 Hz current was
applied in patients with myasthenia gravis. In 1970 and
1971, Hassan H. Ali et al. (1931-2022) published a series
of articles in the British Journal of Anaesthesia describ-
ing the use of train-of-four (TOF) monitoring to assess
the degree of curarization in humans. Based on their ex-
perience, they concluded that the TOF monitoring was
superior to using frequency shifts between 0.1 and 10 Hz
for quantitative assessment of nondepolarizing block.
They also noted that this test could help evaluate indi-
vidual sensitivity to muscle relaxants and determine dose
requirements for specific procedures. In a 1971 publica-
tion, the same authors reported similar studies involv-
ing 26 patients given muscle relaxants preoperatively.
They introduced the concept of the TOF ratio, express-
ing the amplitude of the fourth muscle twitch (T4) to the
first muscle twitch (T1), thereby providing an indicator
of the degree of neuromuscular block. According to the
authors, limiting the stimuli to four at 2 Hz was intended
to ensure maximum depletion of acetylcholine stores.
Subsequent studies evaluated the practical utility of the
TOF ratio, comparing it to clinical manifestations signal-
ling cessation of muscle relaxant action. They found that
a patient’s ability to raise the head for at least three sec-
onds (a clinical indicator of recovery) was only possible
with a TOF ratio greater than 0.6 [17].

The 1979 study conducted by Viby-Mogensen et al. con-
vinced the authors of the need to measure the degree of
relaxation in operating rooms to reduce the incidence of
residual curarization in postoperative recovery rooms
[6]. In their 1980 paper entitled ‘A New Nerve Stimulator
(Myotest)’, they presented a new device measuring 90 x
45 x 165 mm, weighing approximately 400 g, and pow-
ered by four 1.5 V alkaline batteries, and able to operate
for about 200 hours. The device offered several func-
tions, including single contractions at varying frequen-
cies and a TOF programme, which delivered a series of
four pulses every 10 seconds at 0.5-second intervals. The
authors noted that their stimulator differed from that of

Christie and Churchill-Davidson by precisely generating
unipolar pulses at constant voltage, enhancing result re-
producibility. They also found it more practical due to its
multiple functions, as demonstrated by their year-long
use of the Myotest [23].

In 1981, Viby-Mogensen et al. introduced the term ‘post-
tetanic count’ (PTC). In one of their papers, the authors
reported results of assessing neuromuscular block dur-
ing the period of no response to single or TOF stimulation
and first described using PTC to monitor deep neuromus-
cular block [24].

In 1989, Engbaek et al. sought an approach superior to
TOF for assessing residual neuromuscular block after
muscle relaxant administration. They suggested that
TOF might fail to reliably detect residual curarization
because the two middle responses complicate compari-
son between the first and last twitch. Their study aimed
to investigate a new diagnostic system for residual NMB:
double-burst stimulation (DBS). DBS consisted of two
short 50-Hz tetanic stimuli separated by a 750-ms pause.
This stimulation pattern produced two single muscle
contractions, with the second being less pronounced
than the first one during the non-depolarizing NMB.
The DBS version with three impulses in each burst
(DBS3i3) was found to be the most sensitive and least
painful, thus most suitable for clinical use. It was also
more sensitive than TOF for manual detection of residual
block [25].

In 1988, Jensen et al. introduced Accelograph®, the first
device for objectively measuring NMB. It used two elec-
trodes placed on the thumb and near the ulnar nerve.
Finger movement in response to nerve stimulation gen-
erated a voltage difference between the electrodes,
which was then measured and recorded. The inventors
of the device noted that since, according to Newton'’s law
(F=mxa),force (F)isdirectly proportional to acceleration
(a), the latter one could be used to quantify NMB, assum-
ing that mass (m) remains constant. Measuring accelera-
tion is more convenient than measuring contractile force,
as it requires no additional device to stabilize the hand.
It also allowed an assessment of both TOF and PTC [26].
Table 1 summarizes key discoveries and milestones in
neuromuscular transmission monitoring.

The newly developed TOF-Cuff® neuromuscular trans-
mission monitor, which utilizes compressomyography, is
a product of RGB Medical Devices. It integrates electrode

Table 1. Chronology of major discoveries and advances in neuromuscular monitoring

Year Discovery Description/Achievements
1516 First mentions of curare Peter Martyr d’Anghiera’s description of the substance used by the Indians to
poison their arrows
1811 Beniamin Brodie's Research Suggesting the possibility of survival after administration of curare with
J appropriate resuscitation
1932 The first use of curare for West's Attempts to use curare in the treatment of spastic states
therapeutic purposes
1942 The first use of curare in Harold Griffith and Enid Johnson use curare to achieve muscle relaxation
anaesthesiology during surgery
1970-1971 Introduction of TOF Hassan H. Ali describes the use of train of four (TOF) for monitoring
neuromuscular block
1 98 History of neuromuscular junction monitoring in anaesthesiology
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Table 2. Types of devices used to monitor neuromuscular conduction

Clinical use

Benefits Limitations

Type of device

Description

Measuring muscle
electrical activity in
response to nerve
stimulation

Electromyography

(EMG) NMB

Precise assessment of

Requires precise electrode

High accuracy placement

Measuring the acceleration
of muscle contraction
following nerve stimulation

Acceleromyography of NMB

Used to assess the degree

Mobility, ease of | Requires precise electrode
use installation EMG

Recording the strength of
muscle contraction after
nerve stimulation

Mechanomyography

Mainly research use

Not very clinically available,

High precision . . .
requires special equipment

stimulation into a blood pressure monitoring cuff. The de-
vice can be used to stimulate the brachial plexus and as-
sess the degree of neuromuscular block based on changes
in cuff pressure. Compared to conventional NMB moni-
tors, it can offer both neuromuscular block assessment
and non-invasive blood pressure measurement on the up-
per arm or lower leg, the latter being less affected by pa-
tient positioning and medical personnel interventions [27].

Future directions in the development of NMJ
monitoring

Acceleromyography remains one of the most effective
and widely used methods for monitoring neuromuscular
transmission, with devices such as TOF-Scan, TOF Watch
SX, and its predecessor TOF Watch known and com-
monly employed in hospital settings. Other approaches
are also being developed, including mechanomyography,
electromyography, kinematography, phonomyography,
and the newest, informally known as ‘compressomyog-
raphy’. Table 2 summarizes the types of devices used to
monitor neuromuscular transmission.

Future research is focusing on integrating these tech-
nologies with hemodynamic and respiratory monitoring
systems to enable comprehensive, real-time assessment
of patient status. Additionally, artificial intelligence and
machine learning algorithms may predict individual re-
sponses to muscle relaxants, allowing personalized dos-
ing and reducing the risk of complications. Implement-
ing these advanced monitoring approaches in clinical
prove the quali care and patient safety [28].
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Abstract

E-cigarettes are gaining popularity as an alternative to traditional cigarettes, especially among young people.
However, their use is associated with severe health consequences, such as e-cigarette or vaping product use-
associated lung injury (EVALI), a lung injury linked to e-cigarette use or vaping. The objective of this study was to
discuss the health consequences of using e-cigarettes, with particular emphasis on the negative effects of vi-
tamin E acetate. Google Scholar, PubMed and SpringerLink databases were used for the literature review.
Thesearchtermsin Englishincluded: ,EVALI, ,lunginjury,” ,pulmonary,” ,respiratory,” ,e-cigarette,” vitamin E acetate,
,vaping,” and ,vape.” Articles published from 2019 onwards were included. Recent studies focus on the role of vitamin
E acetate in the pathophysiology of EVALI. The mechanism by which this substance can cause lung injury remains
unknown, but its potential harmfulness may result from its decomposition during heating into toxic substances such
as formaldehyde, acetaldehyde, acrolein, and ketenes. Tocopherol acetate, as a surface-active substance, damages
the pulmonary surfactant, leading to acute respiratory failure. Despite the increasing popularity of e-cigarettes, their
negative health effects are still poorly described. In particular, determining long-term consequences is challenging due
to the short observation period for e-cigarette users. EVALI is diagnosed based on the exclusion of other conditions
and a positive history of e-cigarette use.

Streszczenie

E-papierosy zyskuja na popularnosci jako alternatywa dla tradycyjnych papieroséw, szczegdlnie wsréd mtodych ludzi.
Jednakze ich uzywanie wiaze sie z powaznymi konsekwencjami zdrowotnymi, takimi jak uszkodzenie ptuc zwigzane
Z uzywaniem e-papieroséw lub tzw. wapowaniem (EVALI). Celem niniejszej pracy jest omowienie konsekwencji zdrowot-
nych wynikajacych z korzystania z e-papierosow, ze szczegdlnym uwzglednieniem negatywnych skutkéw dziatania oc-
tanu witaminy E. Przegladu pismiennictwa dokonano z wykorzystaniem bazy Google Scholar, PubMed oraz SpringerLink.
Wyszukiwane frazy w jezyku angielskim: ,EVALLI”, ,lung injury”, ,pulmonary”, ,respiratory’, ,e-cigarette”, ,vitamin E acetate”’,
,vaping” oraz ,vape”. Wtaczono artykuty opublikowane od 2019 roku. Najnowsze badania koncentruja sie na roli octanu
witaminy E w patofizjologii EVALI. Mechanizm, w ktérym substancja ta moze wywotaé uszkodzenie ptuc, pozostaje niezna-
ny, ale potencjalna szkodliwos¢ tego zwigzku chemicznego moze wynikac z jego rozktadu podczas podgrzewania do toksy-
cznych substancji, takich jak formaldehyd, aldehyd octowy, akroleina oraz keteny. Octan tokoferolu jako substancja powi-
erzchniowo czynna uszkadza surfaktant, co prowadzi do ostrej niewydolnosci oddechowej. Pomimo rosnacej popularnosci
e-papieroséw, negatywne skutki zdrowotne sg nadal niewystarczajgco opisane. W szczegdlnosci trudnos$é sprawia
okreslenie dtugofalowych konsekwencji z powodu krétkiego czasu obserwacji osob korzystajacych z e-papieroséw. EVALI
jest rozpoznaniem stawianym po wykluczeniu innych schorzen oraz na podstawie dodatniego wywiadu w kierunku stoso-
wania e-papierosow.
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Introduction and aim

With the growing popularity of e-cigarettes, the in-
cidence of acute respiratory failure due to intersti-
tial pneumonia has increased among their users. In
2019, the United States saw a sharp rise in such cases,
primarily among young individuals without comor-
bidities. This prompted researchers to investigate
the etiopathogenesis, identifying vitamin E acetate,
aningredient in some e-cigarette liquids, as a potential
contributing factor.

The aim of this study is to describe e-cigarette or vap-
ing product use-associated lung injury (EVALI) and to
identify potential risk factors. Special attention should
be paid to vitamin E acetate, as it is considered a key
trigger of pneumonia among e-cigarette users and in-
dividuals exposed to passive vaping.

Review methods

The literature review was conducted using the
PubMed, Google Scholar, and SpringerLink databases.
Only papers published in English since 2019 were con-
sidered. In order to obtain precise results, the follow-
ing English-language search terms were used: ,EVALI",
Jung injury”, ,pulmonary”, ,respiratory” ,e-cigarette”, ,vi-
tamin E acetate”, ,vaping” and ,vape”. The literature re-
view was expanded to include data obtained from the
websites of the Ministry of Health and the Institute of
Economic Forecasts and Analysis. A total of 95 publi-
cations were identified. After excluding duplicates and
incomplete, irrelevant, unreliable, or methodologically
inadequate works, as well as those containing outdat-
ed medical data, 28 scientific publications were ulti-
mately included in the review.

The state of knowledge
Definition and epidemiology of EVALI

EVALI is an acute lung injury resulting from the inha-
lation of substances heated by e-cigarettes or other
devices. In August 2019, the United States reported a
sharp rise in hospital admissions for acute respiratory
distress syndrome of unknown origin, primarily among
young people without chronic illnesses [1]. This has
been linked to the use of e-cigarettes, with 2,807 doc-
umented cases and 68 deaths. Several similar clinical
cases had been reported in the United States before
2019. The number of cases rose so rapidly in 2019 that
it met the criteria for an epidemic in the United States.
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In the early stage of identifying the etiological factor,
vitamin E acetate (tocopherol acetate) was considered,
as it was used as a thickening agent in e-liquids, par-
ticularly those enriched with tetrahydrocannabinol
(THC) [3]. Although vitamin E acetate is widely used
in the food and cosmetics industries, its presence in
e-cigarette aerosol likely contributed to the develop-
ment of EVALI [4, 5].

Composition of e-cigarette liquids

The composition of e-cigarette liquids remains contro-
versial, with nicotine concentrations ranging from 15
to 50 mg/mL. In their study on the negative effects of
e-cigarette use, Bhave and Chadi reported the actual
nicotine content in these liquids. Assuming a liquid vol-
ume of 2 mL and a nicotine concentration of 5%, the to-
tal nicotine content can reach 100 mg [6]. This amount
of liquid is typically inhaled within about 1 hour. The in-
take of such a high dose of nicotine over a short period
is toxic [7]. In addition to nicotine and water, e-liquids
also contain multiple toxic and carcinogenic chemicals,
heavy metals, and contaminants. These substances in-
clude propylene glycol, acetaldehyde, formaldehyde,
tobacco alkaloids, nitrosamines, free radicals, polycy-
clic aromatic hydrocarbons, benzene, phthalates, caf-
feine, volatile organic compounds, acrolein, isoprene,
nickel, phenol, chrysene, cadmium, toluene, butanone,
and various flavouring compounds [8].

Diagnosis of EVALI

EVALI is often diagnosed by exclusion, as its nonspe-
cific symptoms resemble those of infection. A thor-
ough medical history is essential, including respira-
tory symptoms (such as dyspnoea, cough, chest pain,
respiratory distress, and hypoxia), other systemic
symptoms, and a history of e-cigarette use within the
past 90 days [1, 8]. Physical examination often shows
fever or low-grade fever, tachycardia, tachypnoea, and
hypoxemia, with clinical severity ranging from mild ill-
ness to the need for intubation and mechanical ven-
tilation [8]. A chest X-ray should be performed in pa-
tients with suspected EVALI. If the X-ray is abnormal
or inconclusive, non-contrast computed tomography
(CT) is recommended. CT angiography may also be
considered as an alternative. EVALI can occur in many
forms of lung damage, such as organizing pneumonia,
acute eosinophilic pneumonia, diffuse alveolar dam-
age, and lipoid pneumonia [9]. Organizing pneumonia,
which presents radiographically as bilateral, patchy
ground-glass opacities with peripheral and perilobular
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consolidations, is the most common type. An inverted
halo sign, also known as the “atoll sign” because of its
resemblance to a coral atoll, is a hallmark of organizing
pneumonia [10, 11]. The inverted halo sign is a distinc-
tive radiological CT finding, defined by a dense ring of
complete opacification surrounding a central area of
ground-glass opacity [11].

Diffuse alveolar damage, which appears on chest X-ray
and CT as volume loss, predominantly lower-lobe con-
solidations, and ground-glass opacities, is yet another
most common type of lung injury. Radiological findings
of organizing pneumonia and diffuse alveolar damage
may overlap, with both showing interlobular septal
thickening and the cobblestone sign [?]. Imaging plays
acrucial role in the early diagnosis of EVALI and treat-
ment initiation.

The role of vitamin E acetate in the pathophysiology
of EVALI

Vitamin E acetate is a synthetic ester of tocopherol
and acetic acid, added in e-cigarette liquids as a thick-
ening agent [12, 13]. It is a common and well-studied
ingredient in cosmetics and dietary supplements, ex-
hibiting antioxidant effects when administered orally
or applied topically to the skin [13]. However, data on
the safety of its inhaled form (via e-cigarettes) is still
limited, with studies suggesting that vitamin E ac-
etate plays an important role in the pathophysiology
of EVALL.

Blount et al. collected bronchoalveolar lavage fluid
(BALF) from patients hospitalized for EVALI and from
healthy individuals (controls). Vitamin E acetate was
detected in 94% of samples from EVALI patients and
none of the control samples [12]. EVALI patients had
elevated BALF tocopherol acetate, with a median val-
ue of 21.9 ng/mL [14]. Duffy et al. found that tocoph-
erol acetate was present in 60.5% of e-cigarette liquids
used by EVALI patients [4].

The mechanism by which vitamin E acetate causes
EVALI remains unknown and is still under investiga-
tion. The harmful effects of this compound may arise
from its loss of chemical stability when heated, leading
to decomposition into toxic substances such as formal-
dehyde, acetaldehyde, acrolein, and ketenes [15, 16].
Ketenes are unsaturated ketones that cause cytotoxic
damage to the pulmonary alveoli and surrounding cap-
illaries. They are considered a potential contributor
to chemical pneumonia in EVALI [16]. Animal studies
suggest a possible pathophysiological mechanism by
which vitamin E acetate causes lung damage. Vitamin
E acetate-exposed mice were found to have lipid-lad-
en macrophages in their lungs, accompanied by signs
of lung injury [5]. Lipid-laden macrophages, indicative
of pulmonary surfactant damage, were also detected
in the BALF of EVALI patients [5, 17, 18]. Vitamin E ac-
etate has also been reported to exert harmful effects
on pulmonary surfactant and type |l pneumocytes [19].
As a surface-active substance, tocopherol acetate in-
creases surface tension in the pulmonary alveoli, dis-
rupting the dynamics of alveolar compression and
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expansion during the respiratory cycle. This results in
hypoxia and, ultimately, acute respiratory failure [20].

Van Bavel et al. conducted a study to assess the effects
of e-cigarette liquids on pulmonary surfactant function
using a bovine surfactant model. The study showed
that, among e-liquid additives, vitamin E acetate was
the strongest disruptor of the lipid bilayer in surfac-
tant, leading to impaired alveolar ventilation [21].
The in vitro study exposed human airway progenitor
cells to e-cigarette aerosol containing tocopherol ac-
etate. Exposure of in vitro-cultured airway mucosa
to vitamin E acetate resulted in the formation of lipid
droplets on its surface, accompanied by an increase
in the number and dilation of goblet cells in response.
Although goblet cells synthesize and secrete mucus
in response to pollutants entering the respiratory
tract, insoluble tocopherol acetate may be difficult to
eliminate, leading to its accumulation in the body. The
analysed cells exhibited increased synthesis of inflam-
matory factors, including interleukin-6 (IL-6), chemo-
kine ligand 15 (CCL15), soluble interleukin-6 receptor
(IL-6sR), and chemokine ligand 2 (CCL2) [22]. Vitamin
E acetate is therefore considered a potentially harm-
ful ingredient in e-cigarette liquids. Further research
identifies mechanisms through which it can cause re-
spiratory damage and contribute to EVALI.

Pharmacotherapy

Outpatient treatment is recommended for individu-
als without comorbidities or respiratory disorders,
with oxygen saturation above 95%, access to medical
care, and follow-up within 24-48 hours. If the patient’s
condition worsens, immediate medical attention is re-
quired. Hospitalization is recommended for patients
with suspected EVALI, particularly those with comor-
bidities such as chronic obstructive pulmonary dis-
ease (COPD) or asthma, which can reduce respiratory
reserve and arterial oxygen saturation, increasing the
risk of respiratory complications [23].

According to current guidelines, glucocorticoids
(GCCs) may be beneficial in treating EVALI. A study
conducted among patients in Illinois and Wiscon-
sin reported improved respiratory function in 65%
of those receiving GCC therapy. Improvement has
also been observed in patients with exogenous lipoid
pneumonia (ELP) following steroid therapy, suggest-
ing an inflammatory aetiology of both conditions [24].
It is important to rule out an infectious cause of lung
damage, as steroid use in such cases may aggravate
the disease [25].

In 2019, the University of Rochester Medical Center
(USA), in collaboration with the New York State De-
partment of Health, published a report presenting an
algorithm for the rapid identification of patients with
suspected EVALI. The algorithm is based on clinical
data, including dyspnoea, fatigue, chest pain, tachy-
pnoea, and fever; chest imaging showing bilateral
airspace opacification; and a history of e-cigarette
or vaping device use within 30 days prior to hospital
admission.
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According to the report, 12 patients with suspected
EVALI were admitted between June 1 and September
15, 2019. Initially, 11 patients received empirical an-
tibiotic therapy for community-acquired pneumonia,
with 8 out of 12 patients requiring admission to the
intensive care unit for advanced respiratory support.
Corticosteroids were given to 67% of patients, with
40 mg of intravenous methylprednisolone given every
6-12 hours and gradually tapered. The total treatment
duration was approximately three weeks. However,
some patients received prednisone for five days and
also experienced symptom resolution, suggesting that
therapeutic success may be achieved in less than three
weeks [26]. Nonetheless, cessation of e-cigarette use
remains the cornerstone of treatment.

Conclusions

E-cigarette sales, and consequently their use, con-
tinue to rise each year. Easy availability and prevailing
trends have boosted their growing popularity, espe-
cially among young people. Curiosity about new fla-
vours appears to be another factor contributing to the
growing popularity of e-cigarettes among young peo-
ple. Despite widely available diagnostic tools, diagnos-
ing EVALI remains a challenge due to its nonspecific
symptoms. Medical history, recent use of e-cigarettes
in particular, is one of the most important factors in
diagnosing EVALI. Although the direct cause of lung
damage has not been identified, all patients report us-
ing e-cigarettes or vaping products. Vitamin E acetate
is considered the primary factor responsible for the
development of EVALI, as it decomposes into harmful
compounds when heated, causing chemical pneumo-
nia. In addition to symptomatic treatment, systemic
corticosteroids are commonly used, with therapeutic
efficacy typically assessed after about three weeks.
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Abstract

Weill-Marchesani syndrome is a rare genetic connective tissue disorder, with an estimated prevalence of approxi-
mately 1 in 100,000 individuals. It is characterized by a pleiotropic set of manifestations, including short stature,
brachydactyly, joint stiffness, ocular abnormalities, and cardiovascular complications. The syndrome follows either
an autosomal recessive or autosomal dominant inheritance pattern, with pathogenic variants identified in the FBN1,
ADAMTS10, ADAMTS17, and LTBP2 genes. This review examines the current understanding of Weill-Marchesani
syndrome pathogenesis, clinical presentation, diagnostic approaches, and treatment strategies. Diagnosis relies on
a combination of genetic testing and clinical evaluation. The autosomal dominant form, primarily associated with
FBN1 mutations, is typically characterized by lens ectopia and joint stiffness. In contrast, the autosomal recessive
form, resulting from mutations in ADAMTS10, ADAMTS17, or LTBP2, is predominantly linked to microspherophakia
and cardiovascular abnormalities. Ophthalmological manifestations, including severe myopia and an increased risk of
angle-closure glaucoma, are crucial for diagnosis. Management requires a multidisciplinary approach, incorporating
ophthalmological interventions such as iridotomy or lensectomy, cardiological monitoring, and orthopedic care. This
review synthesizes findings from literature published between 2015 and early 2025, highlighting the ongoing challen-
ges in establishing definitive diagnostic criteria. The analysis underscores the need for further research into the mo-
lecular mechanisms underlying Weill-Marchesani syndrome and the development of targeted therapeutic strategies.

Streszczenie

Zespot Weilla-Marchesaniego to rzadka genetyczna choroba tkanki tacznej, wystepujaca z czestoscig 1:100 000 oséb.
Charakteryzuje sie plejotropowym spektrum objawdw, obejmujacych niskorostosé¢, brachydaktylie, sztywnos¢ sta-
wow, wady wzroku oraz powiktania sercowo-naczyniowe. Choroba dziedziczona jest autosomalnie recesywnie lub
dominujaco, z réznymi mutacjami w genach FBN1, ADAMTS10, ADAMTS17i LTBP2. W pracy oméwiono patogeneze,
obraz kliniczny, diagnostyke oraz leczenie zespotu Weilla-Marchesaniego. Diagnostyka opiera sie na badaniach gene-
tycznych oraz ocenie klinicznej. Wariant autosomalny dominujacy zwigzany jest gtéwnie z mutacjami w FBN1 i obja-
wia sie ektopig soczewki oraz sztywnoscig stawdéw. Wariant recesywny wynika z mutacji w ADAMTS10, ADAMTS17
lub LTBP2 i wigze sie z mikrosferofakiag oraz nieprawidtowosciami kardiologicznymi. Objawy okulistyczne sg kluczowe
dla rozpoznania i obejmujg m.in. wysoka krétkowzrocznos$é oraz ryzyko jaskry zamknietego kata. Leczenie wymaga
interdyscyplinarnego podejscia - okulistycznego (np. irydotomia, lensektomia), kardiologicznego i ortopedycznego.
W pracy przedstawiono aktualny stan wiedzy na temat zespotu Weilla-Marchesaniego na podstawie przegladu lite-
ratury z lat 2015-2025. Wyniki wskazuja na brak jednoznacznych kryteriéw diagnostycznych oraz koniecznos¢ dal-
szych badan nad patogeneza i terapia tej choroby.
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Introduction
Weill-Marchesani syndrome (WMS, spherophakia-

brachymorphia syndrome) is a rare genetic connective
tissue disorder, with an estimated prevalence of approxi-
mately 1 in 100,000 individuals. It is characterized by
short stature, brachydactyly, joint stiffness, cardiovas-
cular complications, and ocular abnormalities, including
microspherophakia, lens ectopia, severe myopia, and
secondary glaucoma [1]. First described in the early 20th
century by Weill and later by Marchesani [2], the syn-
drome follows both autosomal recessive (more common)
and autosomal dominant inheritance patterns. The auto-
somal recessive form is primarily associated with micro-
spherophakia and cardiovascular abnormalities, whereas
the autosomal dominant variant is predominantly linked
to lens ectopia and joint stiffness [1].

This study aims to review current knowledge and recent
discoveries regarding Weill-Marchesani syndrome, with
a focus on its pathogenesis, clinical presentation, diag-
nostic approaches, and treatment strategies.

Materials and methods: A systematic literature review
was conducted using PubMed, analyzing case reports
and studies published between 2015 and early 2025.

Etiology

The genetic basis of Weill-Marchesani syndrome is at-
tributed to pathogenic variants in the FBN1, ADAMTS 10,
ADAMTS17, and LTBP2 genes. There are two primary
modes of inheritance: autosomal dominant, associated
with pathogenic variants in FBN1, and autosomal reces-
sive, linked to mutations in ADAMTS10, ADAMTS17, and
LTBP2. Regardless of the inheritance pattern, these mu-
tations exhibit complete penetrance (100%). However,
the severity of clinical manifestations varies significantly,
even among individuals carrying the same mutated gene,
including members of the same family [3]. In cases of
autosomal dominant inheritance, at least one parent is
typically affected, although the mutation may also arise
de novo. The exact proportion of individuals who in-
herit the disorder from an affected parent versus those
in whom it results from a de novo mutation remains un-
known. However, the autosomal recessive form is more
frequently inherited [1, 4]. In this inheritance pattern,
both parents may be affected, one parent may have WMS
while the other is a heterozygous carrier, or both parents
may be heterozygous carriers of pathogenic variants in
ADAMTS10, ADAMTS17, or LTBP2. It is important to note
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that heterozygous individuals do not exhibit any clinical
symptoms of the disease [1, 5, 6].

Genetics

The autosomal dominant form of WMS is caused by mu-
tations in the FBN1 gene, which encodes fibrillin-1[7, 8].
Fibrillins are structural proteins that constitute microfi-
brils within the extracellular matrix of both elastic and
non-elastic tissues [9]. Three types of fibrillins have been
identified: fibrillin-1, encoded by the FBN1 gene on hu-
man chromosome 15; fibrillin-2, encoded by the FBN2
gene on chromosome 5; and fibrillin-3, encoded by the
FBN3 gene on chromosome 19 [10]. Microfibrils exhibit
a distinctive morphology, characterized by alternating
light and dark - or hollow - regions, giving them a railroad
track-like appearance. They are found as large microfibril
bundles, as single short microfibrils (often near basement
membranes, such as in glomerular endothelial cells), and
as a peripheral microfibrillar sheath surrounding elastin
in elastic fibers. Microfibrils serve as scaffolds that adapt
to the functions of specific tissues to maintain their in-
tegrity. For example, in the skin, elastic fiber microfibrils
form a loose network of interconnected pathways. In the
dermis, they run parallel to the epidermis, with branches
extending perpendicularly upwards - from the deeper
elastic fiber layers to the basement membrane at the der-
mo-epidermal junction, where microfibril bundles cross
thelaminadensa. Intendons and the perichondrium, elas-
tic fibers align parallel to the longitudinal axis, whereas in
muscular arteries, they encircle the vascular lumen [11].
Additionally, microfibrils regulate the bioavailability of
potent growth factors from the TGF-f3 superfamily.

In contrast, the autosomal recessive form of WMS is as-
sociated with mutations in the ADAMTS10, ADAMTS17,
or LTBP2 genes. The ADAMTS (A Disintegrin-like and
Metalloproteinase with Thrombospondin motifs) family
consists of extracellular matrix metalloproteinases capa-
ble of degrading matrix proteins. ADAMTS proteins par-
ticipate in various biological processes, including angio-
genesis, coagulation, morphogenesis, and development,
as well as pathological conditions such as cancer, arthri-
tis, and extracellular matrix disorders. ADAMTS10, in
particular, is crucial for microfibrillar fiber organization:
it accelerates microfibril assembly in fibroblast cultures,
facilitatescell-celladhesioninepithelialtissues,bindshep-
aran sulfate, and supports focal adhesion formation [12].
Dysfunction of fibrillin or ADAMTS family proteases in
WMS results in connective tissue abnormalities, which
clinically manifest as the characteristic syndrome [1].
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Symptoms

Weill-Marchesani syndrome is characterized by a pleio-
tropic spectrum of clinical manifestations affecting mul-
tiple organ systems. According to the available literature,
no clear genotype-phenotype correlation has been estab-
lished. The disorder involves musculoskeletal, ocular, car-
diovascular, and psychiatric abnormalities. Typical fea-
tures include short stature (average height 142-169 cm
in males and 130-157 cm in females), brachydactyly
(short fingers), joint stiffness, and ocular anomalies [1].
Ophthalmologic complications often present in child-
hood, with key manifestations including microsphero-
phakia, high myopia, and angle-closure glaucoma, which
can lead to vision loss. Additional ocular findings may in-
clude lens dislocation, cataracts, and a recently described
feature - corneal thickening. The spherical, subluxated
lens appears as a “golden ring” under slit-lamp examina-
tion [4, 13-15]. Some patients with WMS also exhibit
cardiovascular anomalies such as patent ductus arterio-
sus, pulmonary valve stenosis, aortic valve stenosis, and
mitral valve regurgitation. Less common but clinically
significant features include restricted mouth opening
and difficulties with intubation, highlighting the need for
thorough preoperative assessment. Intellectual disability
has been reported in a subset of patients. Rare cases in
the literature describe severe supravalvular pulmonary
artery stenosis, mitral supravalvular stenosis, and sub-
aortic stenosis. In mildly symptomatic individuals, Weill-
Marchesani syndrome type 4 (WMS4) may be diagnosed.
Awareness of these clinical features is crucial for pedia-
tricianstoensure early referral for further evaluation and
timely diagnosis. Interestingly, most pathogenic variants
in FBN1, the gene encoding fibrillin-1, are associated with
Marfan syndrome, which in many aspects presents as
aphenotypic opposite of Weill-Marchesani syndrome [6].
Table 1 provides a comparative overview of the clinical
features and genetic mutations observed in WMS and
Marfan syndrome[1, 7, 16, 17].

Diagnosis

There are no official, widely accepted diagnostic criteria
for WMS, unlike Marfan syndrome (e.g., Ghent criteria).

Diagnosis is primarily based on clinical evaluation, imag-
ing studies, and genetic testing. WMS does not present
a pathognomonic sign that allows for definitive diagno-
sis; genetic testing remains the only reliable method.
In cases where the autosomal dominant form is suspect-
ed, serial testing of a single gene, including sequential
analysis of FBN1, is performed. Genetic testing including
ADAMTS10,ADAMTS17,FBN1,LTBP2, and other relevant
genes helps identify the condition and exclude uncertain
variants. Commonly used diagnostic methods include se-
quence analysis, deletion analysis, and duplication test-
ing [1]. The primary symptoms of WMS that prompt pa-
tients to seek medical consultation, such as short stature,
brachydactyly, and musculoskeletal abnormalities, are
diagnosed using standard radiographic imaging. This al-
lows for the identification of shortened long bones, de-
layed bone age, and widening of the proximal phalanges,
as well as the assessment of skeletal dysplasia [1]. Oph-
thalmological examination is critical, as WMS affects the
lens and supportive structures of the eye. Techniques
such as biomicroscopy help detect lens ectopia, as well as
changes in the cornea and anterior chamber. Tonometry
is used to assess the risk of glaucoma, while gonioscopy
aids in identifying anatomical abnormalities in the filtra-
tion angle. Ultrasound biomicroscopy is a valuable tool
for detailed analysis of Zinn’s ligaments and the degree
of lens subluxation. Furthermore, due to the high preva-
lence of significant myopiain WMS patients, keratometry
and skiascopy are also essential [18, 19]. In the evalua-
tion of cardiovascular symptoms, electrocardiography
may reveal a prolonged QT interval, while echocardiog-
raphy helps identify valvular heart diseases [20]. For the
differential diagnosis, other connective tissue disorders,
such as Marfan syndrome, as well as acromelic dyspla-
sias, which are a group of genetic bone dysplasias, should
be considered. These dysplasias are characterized by
abnormalities in bone development, especially in the dis-
tal parts of the body, including the hands, feet, and face,
leading to characteristic deformities [1]. Among the con-
ditions to be considered in the differential diagnosis of
WMS are gelatinous-physical dysplasia (GD), acromicro-
dysplasia (AD), and Myhre syndrome [21, 22]. A compari-
son of common and distinguishing features is presented
in Table 2.

Table 1. Comparison of clinical features between Marfan syndrome and Weill-Marchesani syndrome [1, 7, 16, 17].

Feature

Genetic cause

| Weill-Marchesani syndrome

Mutations in FBN1 (less common than in
Marfan syndrome), ADAMTS10, or LTBP1

| Marfan syndrome

FBN1 gene mutation encoding fibrillin-1

Phenotypic features

Short stature, short fingers and toes
(brachydactyly), joint stiffness

Tall stature, long and slender limbs
(arachnodactyly), joint hypermobility

Height Below average

Above average

Digits (fingers/toes)

Short and broad (brachydactyly)

Long and slender (arachnodactyly)

Joint involvement

Restricted mobility, joint stiffness

Increased joint flexibility (hypermobility)

Ocular manifestations
secondary glaucoma

Downward lens dislocation, severe myopia,

Upward lens dislocation, myopia

Cardiovascular involvement . >,
cardiac abnormalities

Less frequently associated with severe

Aortic aneurysm, aortic dissection, mitral
valve prolapse

Cognitive function difficulties may occur

Typically normal, although learning

Typically normal

Additional features difficulties

Small, spherical lenses, accommodation

Chest wall deformities (pectus excavatum or
carinatum), skin laxity, striae distensae
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Table 2. Comparative features of Weill-Marchesani syndrome (WMS), gelatinous-physical dysplasia (GD), acromicrodysplasia (AD),

and Myhre syndrome

Common features of WMS,
GD, AD

Short stature, short hands and feet, joint restrictions, thickened skin, mild facial anomalies,
and specific radiological findings including delayed bone age, shortened long bones,
oval-shaped vertebral bodies

Characteristic features of WMS

Lenticular myopia, lens ectopia, glaucoma, spherophakia

Characteristic features of GD

Valvular heart abnormalities, progressive hepatomegaly, tracheal stenosis

Characteristic features of AD

Progressive hepatomegaly and tracheal stenosis

Common features of WMS and
Myhre syndrome

Intrauterine growth restriction (IUGR), short stature, brachydactyly, joint stiffness,
thickened skin, heart disease

Characteristic features of Myhre
syndrome

Hearing loss, characteristic facial features, varying degrees of cognitive dysfunction,
absence of lens abnormalities

Treatment

Following the diagnosis of WMS, it is essential to con-
duct comprehensive and interdisciplinary evaluations
to assess potential manifestations of the disease. Such
an approach allows monitoring of disease progression,
detection of complications, and initiation of appropriate
treatment. Ophthalmic management in WMS is complex
and requires an individualized approach, taking into ac-
count the unique characteristics of each case. In the
early stages of WMS, glaucoma prophylaxis is crucial.

Peripheral iridotomy is recommended as a preventive

measure to avert closure of the drainage angle. However,

closed-angle glaucoma represents a severe complication
of WMS, and is often resistant to standard treatments.

Available studies indicate that although laser iridotomy

is commonly used, it may prove ineffective in deepening

the anterior chamber and opening the drainage angle in

WMS patients. In such cases, more invasive interven-

tions are necessary. For advanced, chronic closed-angle

glaucoma, the following combined procedures may be
effective:

Bl Lensectomy: Removal of the lens, which often exhib-
its abnormal structure and positioning in WMS, con-
tributing to closure of the drainage angle.

B Anterior vitrectomy: Removal of the vitreous body

from the anterior chamber to improve aqueous hu-

mor flow.

Combination of vitrectomy and lensectomy: A com-

bined approach to address the underlying issues.

Intraocular lens (IOL) implantation: Implantation of

an artificial intraocular lens following lensectomy.

Molteno tube shunt implantation: Use of a drainage

system to reduce intraocular pressure.

ExPress shunt implantation: Another method to re-

duce intraocular pressure.

In addition to essential ophthalmologic care, patients
with WMS require the involvement of specialists from
various medical fields. Given the broad range of symp-
toms and complications associated with this syndrome,
the multidisciplinary management team should include
a pediatrician, cardiologist, endocrinologist, orthopedist,
and physiotherapist [1, 15, 23-26].
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Abstract

The discovery of glucocorticoids represented a crucial moment in the history of medicine, particularly in the treat-
ment of rheumatic diseases. These powerful hormonal substances revolutionized therapeutic approaches, enabling
effective management of severe diseases that previously resulted in disability or even death. Glucocorticoids remain
an essential part of emergency treatment. The first section of this work presents the history of research on adrenal
hormones, biochemical and pharmacological aspects of their action, as well as the general principles of glucocorticoid
therapy in rheumatic diseases. The paper also discusses detailed expert recommendations and guidelines from recog-
nized rheumatological organizations regarding the use of glucocorticoids in the treatment of arthritis and systemic
connective tissue disorders. This review presents the current and systematic knowledge on the role of glucocorticoids
in the therapy of rheumatic diseases, with particular emphasis on their use in daily clinical practice.

Streszczenie

Odkrycie glikokortykosteroidéw stanowito przetomowy moment w historii medycyny, zwtaszcza w leczeniu choréb
reumatycznych. Substancje te, o silnym dziataniu hormonalnym, zrewolucjonizowaty mozliwosci terapeutyczne, po-
zwalajac na skuteczne leczenie schorzen o ciezkim przebiegu, ktére wczesniej prowadzity do niepetnosprawnosci
lub nawet $mierci pacjentéw. Glikokortykosteroidy nadal pozostajg niezastgpione w stanach nagtych. W pierwszej
czesci pracy przedstawiono historie badan nad hormonami nadnerczy, biochemiczne oraz farmakologiczne aspek-
ty ich dziatania, a takze ogdlne zasady leczenia glikokortykosteroidami w chorobach reumatycznych. Oméwione
zostaty réwniez szczegétowe rekomendacje ekspertéw oraz uznanych organizacji reumatologicznych dotyczace
stosowania glikokortykosteroidéw w leczeniu zapalen stawéw i choréb uktadowych tkanki tgcznej. Opracowanie
to ma na celu przedstawienie aktualnej i usystematyzowanej wiedzy na temat roli glikokortykosteroidéw w terapii
choréb reumatycznych, ze szczegdlnym uwzglednieniem wykorzystania ich w codziennej praktyce klinicznej.
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Introduction fects on physiological and pathological processes, as well

as the absence of therapeutic alternatives with compa-
Despite the rapid advances in pharmacology over the rable mechanisms of action. Today, GCs are used across
past several decades, few classes of drugs have achieved nearly all fields of clinical medicine. Although decades
such broad application in medicine as glucocorticoids of clinical experience with GCs have provided a thor-
(GCs). Their widespread use stems from their diverse ef- ough understanding of their pharmacological proper-
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ties, further research is still needed. The development
of optimal treatment regimens that balance therapeutic
efficacy with the risk of adverse effects remains a major
challenge.

Among the various effects of GCs, their ability to inhibit
inflammatory and immune responses has been particu-
larly valuable in the treatment of autoimmune disorders.
For this reason, GCs hold a special place in rheumatology,
and are frequently introduced as first-line therapy due to
their relatively rapid therapeutic effects. Consequently,
they are commonly used in remission-inducing protocols
and, in selected cases, as part of maintenance therapy. In
addition, their rapid action makes them valuable as emer-
gency treatment in acute, life-threatening situations.

Our paper summarizes and compares current principles
for the use of GCs in treating different rheumatic dis-
eases, based on the latest recommendations and re-
search data.

Historical outline

In 1929, Philip Showalter Hench, head of the Rheu-
matology Department at the Mayo Clinic, observed
that symptoms of rheumatoid arthritis (RA) improved
during jaundice or pregnancy. However, potential
causes of this condition, such as hyperbilirubinemia
or increased release of female hormones, do not oc-
cur simultaneously with pregnancy and jaundice.
He therefore postulated that a naturally occurring, un-
identified substance, later referred to as “Factor X” or
“Substance X,” was responsible for this symptomatic
relief [1]. The temporary remission of RA symptoms
observed in the postoperative period, together with
knowledge of the adrenal response to surgical stress
and the fatigue seen in Addison’s disease, similar to
that in RA, led Hench to consider the adrenal glands as
a possible source of substance X. In 1935, he began co-
operation with Edward Kendall, a professor of physio-
logical chemistry at the Mayo Clinic, who had been the
first to isolate crystalline thyroxine and, in 1930, had
initiated research on the adrenal glands. At the same
time, Tadeusz Reichstein, a Polish-born professor of
organic chemistry conducting research in Switzerland,
attempted to isolate adrenal hormones. By 1940, 28
substances had been isolated from the adrenal glands,
four of which showed effects in animal testing. One
of these was dehydrocorticosterone, referred to as
‘Compound E’ (cortin) by Kendall and ‘Substance Fa’ by
Reichstein. Compound E appeared to have alife-saving
effect in animals after adrenalectomy, leading Kendall
and Hench to conclude that it might be the ‘Substance
X’ they were seeking. At that time, however, isolating
adrenal hormones was ineffective [2].

During World War Il, reports surfaced that German
scientists had isolated an adrenal hormone, which en-
hanced combat pilots’ tolerance to low oxygen levels and
was used in treating post-traumatic shock. In 1941, the
progression of the war led the National Research Coun-
cil, a U.S. government organization, to fund three initia-
tives: the development of antimalarial medications, the
production of penicillin, and isolation and synthesis of
cortin, with the latter one given highest priority.
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In 1942, Lewis Sarett of Merck Pharmaceuticals com-
pleted aresearch fellowship at the Mayo Clinic and began
close collaboration with Edward Kendall. By December
1944, Sarett had synthesized Compound E from ox bile,
and by November 1948, with Kendall’s assistance, he had
improved a 37-step process for producing the hormone,
making commercial use possible [3].

The first recipient of Compound E was a 29-year-old
woman with severe RA unresponsive to treatment for
four and a half years. She was admitted to the Mayo
Clinicon July 26, 1948, with complaints of stiffness, pain,
and oedema involving multiple joints. Imaging revealed
destructive joint changes and elevated erythrocyte
sedimentation rate (ESR) of 109 mm/h. Oral lactofer-
rin produced neither jaundice nor clinical improvement.
The patient’s symptoms worsened over hospital stay,
making the patient bedridden. On September 21, 1948,
the first intramuscular injection of 100 mg of compound E
was administered. Gradual improvement was initially
observed, but morning stiffness had nearly resolved by
day 3, allowing the patient to walk. Joint pain and oe-
dema decreased after a week of receiving compound E.
At 8 days, the dose was reduced to 50 mg/day for 4 days,
followed by 25 mg/day for 10 days. However, the symp-
toms recurred, accompanied by a further increase in
ESR. Since the fall of 1948, compound E had been admin-
istered to 14 patients with moderate to severe disease.
Two of these patients also received adrenocorticotropic
hormone (ACTH). A water-based cholesterol solution
was used as a control, administered either in place of or
several days before compound E. Both patients and re-
searchers were blinded to the timing of its replacement
with compound E. Compared to the control solution, all
patients treated with the active substance showed sig-
nificantimprovement in joint stiffness and pain, as well as
increased mobility, and a lower ESR. Some patients expe-
rienced first adverse reactions. On June 1, 1949, Hench
and his team published a paper reporting the efficacy of
compound E and ACTH in treating RA[1].

In 1950, Edward Calvin Kendall, Tadeusz Reichstein, and
Philip Showalter Hench were jointly awarded the Nobel
Prize in Physiology or Medicine “for their discoveries re-
lating to the hormones of the adrenal cortex, their struc-
ture and biological effects”.

Endogenous synthesis of steroid hormones

The adrenal gland is made up of medulla, which releases
catecholamines, and cortex, which is histologically and
endocrinologically divided into three layers. The outer
layer (zona glomerulosa) secretes aldosterone, the mid-
dle layer (zonafasciculata) releases cortisol, and the inner
layer (zonareticularis) secretes asex hormone precursor -
dehydroepiandrosterone (DHEA) and its derivative, de-
hydroepiandrosterone sulfate. Each layer releases hor-
mones upon stimulation by ACTH, whose release is regu-
lated by hypothalamic corticotropin-releasing hormone
(CRH). The outer layer secretes aldosterone, whose pri-
marily roleisto regulate water and electrolyte balance. In
addition to ACTH stimulation, its secretion is also medi-
ated by extracellular potassium levels and angiotensin Il.
Therefore, this layer does not undergo atrophy in the ab-
sence of ACTH stimulation. The two inner layers of the
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adrenal cortex, however, are more dependent on ACTH.
Increased levels of this hormone cause their hypertrophy
and up-regulate the secretion of GCs and androgen pre-
cursors, whereas decreased ACTH levels result in their
hypotrophy.

At the cellular level, ACTH binds to the MC2 receptor
(MC2R), activating the adenylate cyclase pathway and
promoting the translation of multiple enzymes required
for steroid hormone synthesis in the adrenal cortex [4].

The effects of corticosteroids on the body

The adrenal cortex synthesizes two classes of steroid
hormones: corticosteroids (glucocorticoids and miner-
alocorticoids), which have 21 carbon atoms, and andro-
gens,whichhave 19 carbonatoms.Corticosteroids affect
the metabolism of carbohydrates, proteins, and lipids.
They also play a role in regulating the immune, cardio-
vascular, excretory, nervous, musculoskeletal, and en-
docrine systems. They help the body cope with stressors
such as trauma, infections, and extreme temperatures.
Corticosteroids are classified into mineralocorticoids
and glucocorticoids, based on their roles in regulating
water, electrolyte, and carbohydrate metabolism. Their
effects on glucose metabolism typically correlate with
anti-inflammatory properties, without significantly in-
fluencing sodium retention. This results from stimula-
tion of different target sites and variations in ligand
selectivity [4].

GCs bind to receptors in specific tissues, altering the ex-
pression of target genes and, consequently, affecting the
production of specific proteins. The genomic response
is delayed, becoming apparent after at least 30 minutes,
usually several hours. Glucocorticoid receptors (GCRs
or GRs) are members of the nuclear transcription factor
family. In the cytoplasm, they remain inactive, bound to
other proteins. Binding to corticosteroids activates the
receptor and translocates it to the nucleus, where it inter-
acts with specific DNA sequences called glucocorticoid
response elements (GREs), which confer specificity in
gene transcription. Genes can be activated or suppressed
in this way, thereby altering protein production. A key
mechanism by which GCs exert their ant-inflammatory
actionis by inducing the production of lipocortin 1, which
inhibits phospholipase A2, affecting the arachidonic acid
cascade and reducing the synthesis of inflammatory
mediators. GCs also reduce the synthesis of various cy-
tokines, including TNF-alpha and interleukins 2 and 6
(IL-2, IL-6). Some inhibitory effects of GCs, such as re-
duced expression of genes encoding cytokines, collage-
nases, and metalloproteinases, are mediated by protein-
proteininteractions between GRs and other transcription
factors (e.g., NF-kB and AP-1). GCs also influence mRNA
stability, translation, and secretion. For example, they can
limit the production of cyclooxygenase-2 mRNA, which is
normally stimulated by interleukin 1 (IL-1). Furthermore,
GCs haverapid, not fully understood non-genomic effects
on specific cell membrane receptors. A possible physico-
chemical mechanism has also been described, whereby
GCs directly affect membrane channel activity, thereby
interfering with lymphocyte activation induced by el-
evated intracellular calcium. Summarising, the genomic
effects of GCs develop gradually at low doses, while non-
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genomic effects appear almost immediately but require
much higher doses [4, 5].

Molecules used in rheumatology

For therapeutic use, synthetic GCs with high anti-in-
flammatory activity and minimal or no mineralocorticoid
effects are preferred. The anti-inflammatory potency
of different preparations is expressed in milligrams of
prednisone-equivalent dose. Prednisone is used as a ref-
erence for historical reasons, being the first synthetic,
pharmacologically relevant glucocorticoid introduced
into clinical practice. This conversion applies when equiv-
alent doses do not exceed 100 mg of prednisone, as ge-
nomic effects predominate at these levels. At higher dos-
es, non-genomic effects emerge, and the relative potency
of different GCs may vary [6].

To achieve a rapid therapeutic effect during rheumatic
disease exacerbations, intravenous methylprednisolone
is often preferred over prednisone. While both agents
share similar genomic effects, methylprednisolone ex-
hibits more than three times the non-genomic effect [6].
The therapeutic effect and the risk of adverse effects
are directly proportional to both the dose and the dura-
tion of GC therapy. This is due to GCR saturation and the
enhanced non-genomic effects at high doses. It was pro-
posed in 2002 that daily glucocorticoid doses be divided
into:

B low: <7.5 mgprednisone equivalent;

B medium: >7.5 mgbut <30 mg prednisone equivalent;
Bl high: >30 mg but <100 mg prednisone equivalent;

B very high >100 mg prednisone equivalent.

Another treatment approach, referred to as ‘pulse ther-
apy/, involves intravenous doses of 2250 mg prednisone
equivalent per day administered for up to five days [6].

General principles of GC treatment in rheumatology

In 2007, the European League Against Rheumatism
(EULAR), renamed the European Alliance of Associations
for Rheumatology in 2021, issued recommendations for
the use of GCs in rheumatic diseases [7]. Initial dose,
dose reduction and long-term dosing depend on the un-
derlying rheumatic disease, its activity, risk factors, and
the patient’s individual responsiveness. The timing of
GC administration can also affect their effectiveness,
as symptoms (such as morning stiffness in RA) and pro-
inflammatory cytokine levels follow a circadian rhythm,
peaking in the morning. The lowest effective dose should
be used due to the pharmacodynamic properties of GCs.
The therapy should be tapered or discontinued during
remission or low disease activity. Before starting treat-
ment, risk factors for adverse effects need to be as-
sessed, and comorbidities such as glaucoma, diabetes
mellitus, and hypertension should be taken into account,
implementing appropriate prophylaxis and treatment
where needed. Potential adverse effects should be dis-
cussed with patients, and the benefits of therapy should
be clearly explained.

During treatment, regular patient monitoring is recom-

mended, including body weight, blood pressure, and rele-
vant laboratory parameters, along with lifestyle guidance
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to prevent undesirable metabolic changes [7]. Vitamin D
and calcium supplementation is recommended for pa-
tients receiving prednisone at 27.5 mg/day for more than
three months to prevent secondary osteoporosis. Indica-
tions for antiresorptive therapy are based on risk factors,
including bone mineral density measurements. When
GCs and nonsteroidal anti-inflammatory drugs (NSAIDs)
are used concurrently, co-administration with a proton
pump inhibitor (PPI), misoprostol (synthetic analogue of
prostaglandin E1), or a selective COX-2 inhibitor is rec-
ommended. Conventional NSAIDs combined with PPls
are less likely to cause dyspepsia than selective NSAIDs
alone[7].

Patients on corticosteroids for longer than 1 month, who
will undergo surgery, need perioperative management
with adequate GC replacement to overcome potential
adrenal insufficiency. For minor procedures, 100 mg of
hydrocortisone is recommended preoperatively. For ma-
jor surgery, supplementation should continue postopera-
tively with four doses given every 8 hours, followed by
a gradual taper over the subsequent days [7].

GC therapy poses no additional risks to the pregnant
woman or foetus, but it may increase the risk of preg-
nancy-related conditions such as hypertension, diabetes,
and osteoporosis. Dexamethasone may be used when
a glucocorticoid effect in foetal tissues is required, as it is
poorly metabolized by the placenta. Prednisone, prednis-
olone, or methylprednisolone are a preferred option in
pregnant women with exacerbations of chronic diseases,
since only about 10% of the administered dose reaches
the foetus. Prednisone and methylprednisolone are clas-
sified as FDA Category B, as there is no evidence of tera-
togenicity in humans. Exposure to GCs in utero does not
increase the risk of neonatal infection. Breastfeeding by
women on low-dose GC therapy is not contradicted, but
it should be avoided during the first 4 h after GC intake.
Children receiving GCs should be monitored for linear
growth and considered for growth-hormone replace-
ment if necessary. In rheumatology, disease-modifying
antirheumatic drugs (DMARDs) such as methotrexate,
azathioprine, and cyclosporine A are commonly used to
shorten GC therapy and reduce patient exposure to ad-
verse effects [7, 8].

Intra-articular corticosteroid injections may be consid-
ered for aseptic arthritis, although their local mechanism
of action remains unclear. Possible mechanisms include
reduced permeability of periarticular vessels and synovi-
al membrane blood flow, decreased synovial fluid volume
and synovial membrane size, increased pain threshold,
and lower joint temperature. Additionally, removing ex-
cess synovial fluid during arthrocentesis can be therapeu-
tic by eliminating leukocytes and crystals and improving
joint mobility. Indications include mono- or oligoarthritis
and cases where systemic therapy is ineffective or con-
traindicated. GCs can also be injected into other synovial
spaces, such as bursae and tendon sheaths [9].

Arthritis
In rheumatoid arthritis, GCs are used to rapidly control

symptoms before DMARDs start to take effect. As set
out in the 2022 EULAR recommendations, short-term
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GCs should be considered when initiating or changing
DMARDs. When starting GCs, it is important to plan
for a gradual tapering as soon as possible, aiming for
complete discontinuation, ideally within three months.
The need to continue GC therapy beyond four months
should be considered a sign of DMARD inefficacy and
prompt treatment modification [10].

The American College of Rheumatology (ACR) recom-
mends initiating RA therapy without routine GCs, both
short-term (<3 months) or long-term (=3 months), in
treatment-naive patients with moderate-to-high disease
activity. Short-term GCs are acceptable if symptom re-
lief is needed before DMARDs take effect. GC therapy
can only be continued if the maximum DMARD dose has
been already reached or DMARD type switch fails to pro-
duce satisfactory outcome [11]. A systematic review by
Bergstra et al., which evaluated a two-year follow-up of
high-dose GCs in combination with DMARDs in early RA,
found that clinical improvement and radiographic pro-
gression at moderate doses (<30 mg/day) were compara-
ble to those achieved with higher doses (60 mg/day) [12].
The Steroid Elimination in Rheumatoid Arthritis
(SEMIRA) study investigated the effects of GC discon-
tinuation in RA patients [12]. In patients with stable, low
disease activity receiving tocilizumab (a monoclonal an-
tibody targeting the IL-6 receptor, used in the treatment
of arthritis and other rheumatic diseases) prednisone
dose reduction was associated with an increase in Dis-
ease Activity Score 28 (DAS28) and a lower likelihood
of maintaining remission. No increase in disease activ-
ity was observed in patients who continued prednisone
at 5 mg/day [12].

In psoriatic arthritis (PsA), GCs can be used as initial
supportive therapy, either as local injections or sys-
temically at the lowest effective dose [13]. They are also
used as first-line treatment for limited disease (mono-
or oligoarthritis) and enthesitis. Systemic GCs should
not be used in axial PsA. The risk of psoriasis exacerba-
tion should be evaluated when systemic GCs are used.
In ankylosing spondylitis (AS), involvement may extend
beyond the axial skeleton to peripheral joints, tendon
attachments, and the uvea. The 2022 joint recommen-
dations of the Assessment of Spondyloarthritis Inter-
national Society (ASAS) and EULAR permit the use of
local GC injections into inflamed musculoskeletal sites,
despite limited clear scientific evidence [14]. Few stud-
ies confirm the benefits of GC injections into the sacro-
iliac joints (SIJ), particularly under ultrasound guidance,
which provides pain relief with a low risk of adverse
reactions [14]. The authors of the recommendations
advise against long-term systemic GC therapy solely
for axial disease, due to insufficient evidence of its ef-
ficacy. However, some data suggest that moderate ben-
efit may be achieved with short-term systemic therapy
at 50-60 mg/day, tapered over six months [14].

According to ACR recommendations, intra-articular GCs
are more effective than NSAID monotherapy in patients
with isolated sacroiliac arthritis. Systemic GCs are not
recommended for AS [15]. Local GCs are also recom-
mended for patients with controlled axial disease but
active inflammation in peripheral joints or entheses.
However, injections into the Achilles tendon, patellar
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ligament, and quadriceps tendon should generally be
avoided, as these structures are at high risk of rupture,
a potential complication of GC treatment [15].

GCs also play an important role in treating uveitis, which
often accompanies AS. In such cases, topical GCs are
used to control acute inflammation. Delaying treatment
increases the risk of a chronic, corticosteroid-resistant
disease. Prompt GC administration also reduces the risk
of posterior synechiae [15]. In the absence of poor prog-
nostic factors, such as prior visual impairment, ocular
hypotony, glaucoma, cataracts, macular oedema, or vit-
reous tortuosity, intensive topical treatment should be
initiated, administering 1% prednisolone acetate drops
every 1-2 hours. If, however, these factors are present,
systemic prednisone should be added at an initial dose of
1 mg/kg/day, gradually tapered, and limited to no more
than three months. Periocular injections of methylpred-
nisolone acetate or triamcinolone acetate may also be
used. If symptoms persist beyond three months or the
patient’s condition worsens, DMARDs should be added
to the local corticosteroid therapy [16].

GCs are also used for inflammatory bowel disease (IBD)
and its extraintestinal manifestations. Local injections
are preferred for the involvement of individual peripher-
al joints. However, the few available publications do not
specify doses. GCs are generally not effective for axial
arthritis and enthesitis in IBD [17].

Intra-articular GC injections should be considered for
oligoarticular reactive arthritis [18]. In more severe cases
with multiple joint involvement, short-term oral predni-
sone at 30-40 mg/day, whichis further gradually tapered,
may be used. Some symptoms of reactive arthropathies,
such as uveitis, may require topical GCs in the form of eye
drops[18]. According to EULAR recommendations, intra-
articular (lA) corticosteroid injections should be consid-
ered for early undifferentiated arthritis to control local
inflammation. Limited literature data prevent precise
determination of doses and systemic treatment strate-
gies. Nevertheless, systemic treatment is considered safe
when used at the lowest effective dose for the shortest
duration (up to six months) and can effectively relieve
symptoms and limit disease progression [19]. It is also
emphasized that GCs should always be used alongside
DMARDs, never as monotherapy, in patients with early
undifferentiated arthritis. This is particularly important
because GCs alone may mask disease activity, leading to
misdiagnosis, inadequate treatment, or a more challeng-
ing prognosis [19].

ACR recommendations for the treatment of juvenile idio-
pathic arthritis (JIA) base the approach on predominant
clinical symptoms. Eight disease subtypes have been dis-
tinguished according to these symptoms [20-22]:
oligoarthritis;

polyarthritis;

sacroiliitis;

enthesitis;

temporomandibular joint inflammation;

active systemic JIA with or without macrophage acti-
vation syndrome (MAS);

inactive systemic JIA with or without MAS;

uveitis.
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Due to the risk of impaired bone growth in children, GC
treatment should be given at the lowest effective dose,
for the shortest possible duration, and in combination
with DMARD [20, 21]. Treatment of active oligoarthri-
tis (involving < 4 joints, without systemic symptoms) in-
cludes, among others, intra-articular GC injections [20].
Systemic GCs are not recommended for initial therapy.
However, they may be used when intra-articular treat-
ment is not possible, symptoms are severe and need rap-
id relief, or when conventional DMARDs are ineffective.
IA corticosteroids may be used in polyarthritis to achieve
faster disease control, particularly when arthritis causes
patient’s dysfunction. However, frequent or multiple IA
injections can be burdensome for children. In such cases,
systemic therapy may be less likely to cause unpleasant
treatment-related experiences [21].

Oral corticosteroids may be used when starting DMARD
therapy or during flares. Treatment with intra-articular
GCs may be intensified in polyarthritis with low disease
activity (JADAS < 2.5) but exacerbation in at least one
joint that limits daily activities [21]. Oral corticosteroid
therapy is recommended for up to three months, either
at disease onset or during flares in JIA with active sac-
roiliac arthritis unresponsive to NSAIDs. This approach
may be useful when high disease activity is difficult to
control (severe symptoms, limited mobility). Injections
directly into the sacroiliac joints may also be considered,
although supporting research is limited [21].

For enthesitis unresponsive to NSAIDs and associated
with high, mobility-limiting disease activity, short-term
(<3 months) systemic GCs at the lowest effective dose
are recommended. IA glucocorticoids are used in addi-
tion to NSAIDs in JIA with temporomandibular joint in-
volvement. However, injections should be reserved for
the most severe cases due to the risk of complications,
heterotopic ossification and growth disturbances in par-
ticular. Routine oral GCs are not recommended, and if
necessary, the dose should be minimized [20].

In most cases, oral GCs should not be used as monother-
apy in patients with systemic JIA without MAS. Systemic
treatment may be considered when access to other ther-
apies, such as biological DMARDs, is limited, in the initial
stages of treatment or in cases of severe joint symptomes.
Corticosteroids are an important component of initial
therapy in JIA with MAS. The benefits of corticosteroids
outweigh the risks, even in infection-induced MAS. High-
dose systemic corticosteroids are warranted to control
severe symptoms, although no exact dosing has been
specified in the recommendations [20]. Regardless of
MAS, once JIA remission is achieved, gradual GC taper-
ing aiming at complete discontinuation is recommended,
as therisks of long-term use (even at low doses) outweigh
the risk of flare [20].

Prednisolone acetate 1% (1-2 drops daily) or an equiva-
lent corticosteroid is the first-line treatment for chronic
anterior uveitis (CAU). Prompt initiation is crucial to pre-
vent complications such as cataracts, glaucoma, elevated
intraocular pressure (IOP), infections, and vision loss. It is
essential to exclude other causes of elevated IOP or cata-
racts and to ensure regular, close ophthalmologic moni-
toring before initiating prednisolone monotherapy [22].
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If CAU flares despite systemic treatment, the dose of
1% prednisolone acetate should be added or increased
to a maximum of three drops daily. If topical treatment
is used alongside systemic therapy for more than three
months without improvement, the systemic strategy
should be modified, and the topical treatment gradually
tapered to discontinuation [22]. Acute anterior uveitis
(AAU) is associated with the HLA-B27 antigen and may
occur in children with enthesitis or psoriatic arthritis. In
these cases, topical GC drops are usually sufficient, with-
out modifying the primary JIA therapy [22].

Systemic connective tissue diseases

According to the 2023 update of EULAR recommenda-
tions for the management of systemic lupus erythemato-
sus (SLE), GCs should be used for flares and tapered as
quickly as possible, while still allowing for maintenance
therapy. Dosage depends on the type and severity of or-
gan involvement. The recommended maintenance dose
is up to 5 mg/day of prednisone equivalent [23]. Avail-
able data indicate it is relatively safe to use GCs at this
dose. Patients at cardiovascular risk, in whom doses of
5-10 mg/day carry an uncertain risk, while doses above
10 mg/day significantly increase the risk of adverse ef-
fects, are an exception [24].

The initial oral dose depends on disease activity. Moder-
ate to severe SLE may require intravenous methylpred-
nisolone pulses at 125-1000 mg/day for 1-3 days. Spe-
cific indications include severe active neuropsychiatric
involvement, lupus nephritis, and severe thrombocyto-
penia. Topical and systemic corticosteroids are a first-
line treatment for cutaneous lupus erythematosus (CLE),
and should be discontinued as soon as possible. Pharma-
cotherapy is discontinued once sustained remission is
achieved, which is more easily reached when DMARDs
are added [23].

The 2019 EULAR recommendations for antiphospholipid
syndrome (APS) limit corticosteroid use to catastrophic
or obstetric cases. Low-dose prednisolone may be used
in obstetric APS, particularly in the first trimester for
women experiencing recurrent pregnancy complications
despite first-line therapy [25].

GCs are also effective for haemolytic anaemia and severe
thrombocytopeniain APS patients. In such cases, intrave-
nous methylprednisolone at 250-1000 mg/day for three
days is recommended [26].

Polymyalgia rheumatica requires long-term GC therapy.
According to the 2015 EULAR recommendations, treat-
ment should last at least 12 months, starting with 12.5-
25 mg of prednisone equivalent per day. Single daily
dosing is preferred over divided doses except in cases
of prominent night pain when tapering below 5 mg daily.
Higher doses may be considered in patients at high risk
of relapse, while lower doses are advisable in cases with
comorbidities such as glaucoma, diabetes mellitus, or os-
teoporosis. Intramuscular methylprednisolone may be
considered when cumulative dose reduction is desired.
Dose tapering should be individualized, though the rec-
ommended regimen suggests reducing the oral dose to
10 mg daily within the first 4-8 weeks of therapy. In the
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event of a flare, the previous dose should be reinstated
and then tapered over 4-8 weeks to the relapse level.
Once remission is achieved, the prednisone dose should
be reduced by 1 mg every four weeks. For a 10/7.5 mg
every-other-day regimen, a 1.25 mg reduction is possi-
ble. Sustained remission allows for gradual tapering until
treatment discontinuation [27].

The efficacy of corticosteroids in primary Sjégren’s syn-
drome has not been confirmed due to the lack of ran-
domized clinical trials. The 2019 EULAR recommenda-
tions include corticosteroids as a treatment option for
active systemic Sjogren’s syndrome. In severe cases,
induction therapy includes methylprednisolone pulses,
followed by prednisone at doses <0.5 mg/kg/day. Doses
<0.5 mg/kg/day are used in mild to moderate cases.
GCs should be discontinued once remission is achieved. If
no remission is achieved, the dose should be maintained
at 5 mg/day or lower, or additional immunosuppressants
should be introduced. Detailed recommendations for
tapering GCs in these patients have not yet been estab-
lished. EULAR recommends GCs for patients with spe-
cificorgan involvement in Sjogren’s syndrome, including:

B acute involvement of salivary glands, after excluding
infection and inefficacy of NSAIDs used for 3-5days -
prednisone 0.3 mg/kg/day;

W arthritis involving > 5 joints or simultaneous exten-
sive, severe tenosynovitis if the EULAR Sjogren’s
Syndrome Disease Activity Index (ESSDAI) is moder-
ate or high - prednisone 0.5 mg/kg/day with hydroxy-
chloroquine (HCQ);

W arthritis in fewer joints or limited tenosynovitis,
moderate to high ESSDAI scores and no response to
NSAIDs or HCQ - GCs 0.5 mg/kg/day in combination
with hydroxychloroquine;

B cutaneousvasculitiswithmoderate ESSDAIlscores
and limited purpura - prednisone 0.3 mg/kg/day,
high ESSDAI score, and diffuse purpura - GCs
0.5-1 mg/kg/day;

B limited annular erythema - local GCs, diffuse annular
erythema - prednisone 0.3 mg/kg/day, in monothera-
py or in combination with HCQ;

B bronchial involvement resistant to inhaled treat-
ment with moderate ESSDAI score - prednisone
0.5 mg/kg/day;

B interstitial lung disease (ILD) with moderate ESSDAI
score - prednisone 0.5 mg/kg/day; the dose should be
increased to 0.5-1 mg/kg/day if there is no response
to treatment;

Bl LD with high ESSDAI score - prednisone from 0.5 to
1 mg/kg/day;

B glomerulonephritis or interstitial nephritis, after ex-
cluding SLE and the presence of anti-neutrophil cy-
toplasmic antibodies (ANCA), if the ESSDAI score is
low and despite correction of metabolic acidosis and
potassium levels, the symptoms have not subsided
and if the ESSDAI score is moderate - prednisone
0.5 mg/kg/day; 0.5-1 mg/kg/day in patents unre-
sponsive to treatment and with high ESSDAI score;

B peripheral neuropathy after exclusion of vasculitis
unrelated to cryoglobulinemia and axonal polyneu-
ropathy associated with vasculitis - prednisone 0.5-
1 mg/kg/day as first-line treatment;

B central nervous system vasculitis, neuromyelitis
optica, and lymphocytic meningitis unresponsive
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to symptomatic treatment or with cerebral involve-
ment - prednisone 0.5-1 mg/kg/day;

B neutropenia <500/mm? that does not respond to
granulocyte colony-stimulating factor (G-CSF) - GKS
0.5-1 mg/kg/day;

B platelets <20,000/mm? or haemoglobin 8-10 g/dL -
prednisone 0.5-1 mg/kg/day; no treatment response
or haemoglobin <8 g/dL requires the inclusion of in-
travenous immunoglobulins.

Corticosteroids are not recommended for pharmacologi-
cal stimulation in xerostomia. However, they may be used
for dry eye treatment, but only in combination with artifi-
cial tears and lubricating ointments. Treatment duration
should not exceed 2-4 weeks due to the risk of infection,
cataract, and increased IOP. Fluorinated GCs are recom-
mended for neonatal lupus (NL) with anti-Ro antibodies,
depending on the degree of congenital heart block [28].

Dermatomyositis, polymyositis, necrotizing autoimmune
myositis, and inclusion body myositis are considered
the major types of idiopathic inflammatory myopathies
(IIMs). According to the 2022 British Society for Rheu-
matology recommendations, high-dose GCs are ad-
vised as initial treatment for skeletal myositis, typically
0.5-1 mg/kg/day of oral prednisolone. Once clinical re-
sponse is achieved, the dose should be gradually tapered.
If a rapid therapeutic effect is needed, intravenous
methylprednisolone pulses may be considered [29].
According to some authors, the initial prednisone dose of
1-2 mg/kg/day should be maintained for 4 weeks, fol-
lowed by tapering to the lowest effective dose, with
treatment continued for 6-12 months [30]. Specific in-
dications for GC therapy include joint and skin involve-
ment, dysphagia, and chronic progressive interstitial lung
disease [29, 30].

The use of GCs in scleroderma (also known as systemic
sclerosis) remains controversial. According to the 2017
EULAR recommendations, they may be considered for
interstitial lung disease or skin and musculoskeletal mani-
festations, despite limited supporting evidence. However,
their use is associated with an increased risk of scleroder-
ma renal crisis, which requires careful consideration [31].

In eosinophilic fasciitis, GC therapy is initiated with pred-
nisone at 1 mg/kg/day, followed by gradual tapering.
Higher doses may be needed if clinical symptoms or eo-
sinophilia persist. In cases of inadequate response after
3 months of prednisone at 1.5 mg/kg/day, other immu-
nosuppressive or immunomodulatory agents should be
considered [32]. The optimal duration of treatment has
not been established; therapy typically lasts from several
months to several years. Observational data suggest that
patients who initiate treatment with methylprednisolone
pulses (0.5-1 g/day for three consecutive days) are more
likely to achieve full remission and less likely to require
additional immunosuppressive therapy [33].

The treatment of mixed connective tissue disease
(MCTD), including corticosteroids, involves managing
specific conditions that defineits clinical picture. It should
be noted that no specific treatment guidelines for MCTD
have been established to date. GCs are used to manage
symptoms such as refractory synovitis, myositis, myo-
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carditis, pleurisy, aseptic meningitis, and oesophageal
involvement. They also play a role in the initial manage-
ment of thrombocytopenia and haemolytic anaemia [34].

According to the 2024 EULAR recommendations,
systemic idiopathic arthritis (sJIA) and adult-onset
Still's disease (AOSD) should be jointly referred to as
“Still's disease”. High-dose GCs (prednisone equivalent
>1 mg/kg/day) are indicated in cases of severe disease,
defined by symptoms such as high fever, VAS pain inten-
sity score >6-7/10, pericarditis, and extensive inflamma-
tioninvolving multiple joints. The risk of MAS, which may
present with elevated ferritin, triglycerides, and trans-
aminases, along with decreased fibrinogen and throm-
bocytopenia, is another indication. Treatment is initiated
intravenously and then continued orally, combined with
an IL-1 or IL-6 inhibitor.

Medium- or low-dose GCs (<0.1 mg/kg/day of predni-
sone), used either as monotherapy or in combination
with IL-1 or IL-6 inhibitors, represent one of the treat-
ment options for patients with lower disease activ-
ity. Dose tapering should be started as early as possible.
The recommended regimen assumes resolution of clini-
cal symptoms by month 3 of low-dose GC therapy, and
complete discontinuation by month 6.

In MAS, intravenous pulses of methylprednisolone are
recommended at doses of 15-30 mg/kg/day (maximum
1 g per infusion). In cases with CNS involvement, dexa-
methasone should be considered due to its superior abil-
ity to cross the blood-brain barrier (BBB). Nevertheless,
current recommendations strongly emphasize the early
initiation of IL-1 and IL-6 inhibitors, highlighting their role
in reducing or even eliminating the need for GCs [35].

The principles of GC therapy can vary significantly de-
pending on the disease entity and the goal of therapy,
which should be remission or low disease activity. This
is particularly important in cases that are refractory to
treatment or pose a threat to health or life. It should be
noted that the presented standards of practice do not
preclude the use of GCs in other regimens, tailored to the
individual patient’s needs.

The principles of GC treatment discussed above apply to
arthritis and collagenoses. The next part of the paper will
summarize the recommendations and expert opinions on
the use of GCs in vasculitis and other rheumatological
conditions.
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Abstract

Lymphomas are a diverse group of lymphoid neoplasms that can develop in various parts of the body. This paper
discusses four clinical cases of patients with lymphomas of the brain, orbit, mesentery and bone, with special em-
phasis on their morphology on magnetic resonance imaging, emphasizing the importance of this technique in diag-
nosis and assessment of disease progression. In each case, despite the different histological types, the character-
istic imaging features of lymphomas, i.e. signal homogeneity in T1-weighted images, absence of cystic elements,
intense contrast enhancement and diffusion restriction, were identified before treatment. Attention is given to the
therapeutic implications of early suspicion of lymphoma and the importance of biopsy in confirming the diagnosis.
The paper emphasizes that skillful interpretation of MRl images in the context of the overall clinical picture can sig-
nificantly shorten the diagnostic process and accelerate the implementation of targeted treatment in the affected
patients.

Streszczenie

Chtoniaki to zréznicowana grupa nowotworéw limfatycznych, ktére moga wystepowac w organizmie w réznych
lokalizacjach. W pracy oméwiono cztery przypadki kliniczne pacjentéw z chtoniakami mézgowia, oczodotu, krezki
oraz kosci, ze szczegbélnym uwzglednieniem ich morfologii w obrazowaniu rezonansu magnetycznego, podkreslajac
znaczenie tej techniki w diagnostyce i ocenie zaawansowania choroby. W kazdym przypadku, pomimo réznych
typow histologicznych, zidentyfikowano charakterystyczne cechy obrazowe chtoniakéw przed rozpoczeciem lecze-
nia, tj. jednorodnos¢ sygnatu w obrazach T1-zaleznych, brak elementéw torbielowatych, intensywne wzmocnienie
kontrastowe oraz ograniczenie swobodnej dyfuzji wody. Zwrdécono uwage na implikacje terapeutyczne wynikajace
zwczesnego podejrzenia chtoniaka oraz znaczenie biopsji w ostatecznym potwierdzeniu diagnozy. Praca podkresla,
ze umiejetna interpretacja obrazéw MRI w kontekscie petnego obrazu klinicznego moze znaczaco skrécié czas do
postawienia diagnozy i przyspieszy¢ wdrozenie leczenia celowanego u pacjentéw z chtoniakami.
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Introduction

Lymphomas are a heterogeneous group of malignancies
arising from lymphocytes, with diverse clinical presenta-
tions that can involve any part of the body. They account
for approximately 4% of all malignancies diagnosed world-
wide [1,2], with this proportion increasing to 15% in the
paediatric population [3]. Depending on their site of origin,
lymphomas are classified as primary or secondary. Non-
invasive imaging techniques, magnetic resonance imaging
(MRI) in particular, play akey role in diagnosing and assess-
ing the initial extent of the disease. Knowledge of typical
radiological features of lymphomas facilitates timely diag-
nosis and the initiation of appropriate treatment [3, 4].

Case reports
Case 1

A 39-year-old man presented to the Emergency Depart-
ment (ED) with a head MRI report indicating an intra-ax-
ial mass in the left parietal-occipital region. The imaging
had been performed due to headaches and hearing im-
pairment persisting for one month. He also had a history
of hypertension, temporarily managed with captopril.
A head computed tomography (CT) scan taken on the
same day revealed a focal lesion in the left parietal lobe,
another inthe region of the left lenticular nucleus, as well
as soft tissue lesions surrounding the left auditory os-
sicles and causing their complete destruction.
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After excluding the need for urgent neurosurgical inter-
vention, the patient was admitted to the Neurology Clinic
for further diagnostic evaluation. Neurological examina-
tion found right-sided hemianopia and mild weakness of
the right upper limb. The patient received dexametha-
sone, 20% mannitol, and furosemide, with the head of the
bed elevated to 30°

MRI performed during hospital stay revealed three sol-
id, homogeneous focal lesions in the left cerebral hemi-
sphere, surrounded by Steinhoff grade |l vasogenic oede-
ma: two located adjacent to each other at the border of
the peripheral parietal and occipital lobes, and one within
the deep structures. The lesions showed hypointensity
on T1l-weighted images relative to white matter, inter-
mediate signal on T2-weighted images, restricted diffu-
sion on diffusion-weighted imaging (DWI) and apparent
diffusion coefficient (ADC) maps, intense homogeneous
contrast enhancement, and low relative cerebral blood
volume (rCBV) on perfusion imaging. Susceptibility-
weighted angiography (SWAN) revealed prior punctate
microbleeds (Fig. 1).

Multifocal central nervous system (CNS) lymphoma was
suspected, and glucocorticoids (GCs) were discontin-
ued. The patient was scheduled for a core needle biopsy
(CNB) of the left-sided parietal-occipital tumour; howev-
er, the procedure was postponed for 2 weeks due to the
6-day course of steroid therapy. As a result of the treat-
ment used, the patient’s condition improved in terms of

Figure 1. Selected MRl scans of the head, obtained during the patient’s initial hospital stay, show two adjacent lymphomas in the left
parieto-occipital region. A. Pre-contrast T1-weighted image. B. T2-weighted image. C. DWI image. D. Post-contrast T1-weighted

image. E. SWAN image. F. ADC map
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both subjective and focal symptoms. He was given rec-
ommendations and was discharged home in good gen-
eral condition. Four days later, the patient returned to ED
with morning vomiting, worsening headache, and general
deterioration. A head CT demonstrated progression in
the size of all focal lesions and the surrounding oedema.
The patient was admitted to the Department of Neuro-
surgery, where a repeated head MRI confirmed disease
progression (Fig. 2).

CNB was performed earlier than planned, 7 days after
the last dose of dexamethasone. Histopathology revealed
aggressive infiltration by primary diffuse large B-cell
lymphoma of the CNS. The Ki-67 proliferation index ex-
ceeded 90%. The patient progressively deteriorated over
the following days. He did not survive despite intensified
anti-oedema therapy and ventricular drain implantation.

Case 2

A 71-year-old woman presented to the ophthalmology
clinic with a sensation of pressure in her left eye socket
and drooping of the left upper eyelid. She had a his-
tory of hypertension and rheumatoid arthritis (RA), for
which she was on regular methotrexate (MTX) therapy.
Ophthalmological examination revealed a hard, immo-
bile, bulging mass over the left eyeball, accompanied
by ptosis on the same side. Orbital MRI showed a solid,

homogeneous, well-defined focal lesion measuring ap-
proximately 30 x 35 x 9 mm, located between the leva-
tor palpebrae superioris muscle and the left orbital roof.
The mass showed marked diffusion restriction and in-
tense contrast enhancement. Its T1-weighted signal
intensity was similar to that of the extraocular muscles.
There was no invasion of adjacent structures (Fig. 3
and Fig. 4). Based on these findings, orbital lymphoma
was suspected. A biopsy of the lesion was performed.
Histopathology revealed abundant lymphoid infiltrates,
predominantly small B lymphocytes with amorphous
nuclei. The Ki-67 proliferative index was 5-10%. These
microscopic findings supported the diagnosis of extrano-
dal marginal zone lymphoma (EMZL, mucosa-associated
lymphoid tissue, MALT). A suspicion was raised that the
lymphoma had developed as a result of the immunosup-
pressive effects of MTX. The patient was referred to
a haematology clinic for further treatment, and showed
gradual disease regression on subsequent follow-ups.

Case 3

A 33-year-old man with no significant medical history
presented to ED with abdominal pain persisting for one
month. Abdominal CT performed a few days earlier
at another hospital had shown a small-bowel mesen-
teric haematoma measuring approximately 5 x 5 x 6 cm.
The patient had initially refused hospitalization. Abdomi-

Figure 2. Selected MRI scans of the head, performed during the patient’s second admission, show progression in the size of two
lymphomas in the left parietal-occipital region, which had already merged into one. Peritumoral oedema is also visible, increased
compared to the baseline scan. A. Pre-contrast T1-weighted image. B. T2-weighted image. C. DWI image. D. Post-contrast T1-
weighted image. E. SWAN image. F. ADC map
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Figure 3. Selected transverse orbital MRI scans demonstrate a lymphoma at the left orbital roof. A. DWI image. B. Pre-contrast
T1-weighted image with fat suppression. C. STIR image. D. ADC map. E. Post-contrast T1-weighted image with fat suppression.
F. T2-weighted image

Figure 4. Selected coronal MRI scans of the orbits demonstrate a lymphoma at the roof of the left orbit. A. STIR image. B. Pre-con-
trast T1-weighted image without fat suppression. C. T2-weighted image. D. Post-contrast T1-weighted image with fat suppression
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nal US on admission to ED identified a solid intraperito-
neal tumour measuring approximately 8 x 10 cm in the
left mid-abdomen. The man was admitted to the Depart-
ment of General and Cancer Surgery for further diagnos-
tic workup and treatment.

Abdominal MRI revealed several solid, relatively ho-
mogeneous tumours within the visceral adipose tissue.
The largest, measuring approximately 8 x 10 cm, was
located in the left small-bowel mesentery. The tumours
showed restricted diffusion and marked contrast en-
hancement, with no cystic components visible (Fig. 5).
These findings suggested disseminated lymphoma.
Due to increasing pain and clinical manifestations of
small-bowel obstruction, laparoscopy with biopsy was
performed. Histopathology revealed monomorphic in-
filtrates of medium-sized lymphoid cells with scant cyto-
plasm, dispersed nuclear chromatin, several nucleoli, and
numerous phagocytic macrophages, giving rise to the
characteristic ‘starry sky’ pattern. The Ki-67 proliferative
index was 100%, consistent with Burkitt’'s lymphoma.

The patient was referred to the Department of Haema-
tology for further treatment. After two cycles of chemo-
therapy, imaging demonstrated a very good response:
the largest lymphoma reduced by more than half, while
the remaining lesions regressed completely.

Case 4

A 74-year-old woman presented to the surgical clinic
with a slowly enlarging mass in her right axilla. Her sister
(at 55 years) and mother (at 77 years) had both been di-
agnosed with lymphoma in the past. Ultrasound-guided
fine-needle aspiration biopsy of the barely palpable right
axillary mass was performed. Smears showed multiple
small lymphocytes, but no atypical cells. A surgical biopsy
of the lymph node group was subsequently performed.
Histopathology, along with the overall clinical picture,
confirmed the diagnosis of follicular lymphoma with
a predominantly diffuse growth pattern (diffuse follicular
lymphoma, dFL).

Whole-body positron emission tomography (PET)
showed active lymphoproliferative involvement of the
right axillary nodes and increased tracer uptake in the
medullary cavity of the proximal left femoral shaft. MRI
of the left thigh revealed a 15-cm focal lesion, which in
some areas occupied the entire width of the femoral
medullary cavity. The tumour demonstrated a homoge-
neous T1-weighted signal (similar to muscle) and an inho-
mogeneous T2-weighted and short tau inversion recov-
ery (STIR) signal, ranging from intermediate to markedly
increased, as well as intense contrast enhancement and
restricted diffusion (Fig. 6).

Figure 5. Selected transverse abdominal MRI scans show a lymphoma in the left mesentery of the small intestine (indicated by ar-
rows). A. Pre-contrast T1-weighted image with fat suppression; B. Post-contrast T1-weighted image with fat suppression; C. DWI
image; D. DC map
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Figure 6. Selected coronal MRI scans of the left thigh show lymphoma involvement of the left femur. A. Pre-contrast T1-weighted
image. B. Post-contrast T1-weighted image. C. STIR image. D. DWI image. E. ADC map

The overall clinical picture suggested a lymphoma in-
volving the proximal left femur. This was confirmed by
histopathological evaluation of fluid and curettings from
the bone marrow cavity, which revealed cells with an im-
munophenotype consistent with follicular lymphoma.
The patient is currently undergoing chemotherapy.

Discussion

CNS lymphomas are the second most common primary
malignant brain tumours after gliomas [5]. Primary dif-
fuse large B-cell lymphoma (DLBCL) is the predominant
type, accounting for approximately 85% of cases. On
MRI, these tumours typically show no cystic components,
appear hypointense relative to surrounding cerebral pa-
renchyma on T2-weighted images, demonstrate restrict-
ed diffusion, exhibit intense and relatively homogeneous
contrast enhancement, and display low-to-intermediate
rCBV values on perfusion imaging [6].

Historically, present or past haemorrhage on SWAN im-
aging strongly argued against a diagnosis of lymphoma.
However, recent reports describe such findings in up to
50% of patients[7, 8].

Preoperative suspicion of lymphoma is crucial for appro-
priate management. Anti-oedema GC therapy should be
withheld until a definitive diagnosis is reached. Immedi-
ate biopsy is recommended to promptly initiate chemo-
therapy rather than to proceed with tumour resection as
in other suspected CNS malignancies [6, 71.

Lymphomas account for approximately 55% of all orbital
malignancies [9], most commonly arising in the supero-
lateral quadrant [10]. Extranodal marginal zone lym-

phoma (MALT lymphoma) represents 55-60% of orbital
lymphomas [11].

On MRI, they appear as a well-defined, homogeneous,
usually lobulated mass surrounding healthy intraorbital
structures. They usually do not cause bone destruction.
A homogeneous, intermediate T1- and T2-weighted sig-
nal is typical, with homogeneous, intense contrast en-
hancement. Compared to extraocular muscles, lympho-
mas are iso- or hypointense on T1-weighted images (due
to high cell density) and hyperintense on T2-weighted
images. High DWI signal and low ADC signal are valuable
clues in differentiating lymphomas from inflammatory
foci[12].

Burkitt lymphoma is one of the fastest-growing cancers,
able to double its cell number within 24-48 hours [13].
In developed countries, its sporadic variant is the most
common, accounting for less than 1% of all non-Hodg-
kin lymphomas in adults. The overall incidence is three
cases per million people per year [4]. Patients typically
present with massive abdominal masses [15]. Despite
their rarity, they cannot be definitively distinguished
from other lymphomas using MRI scans alone. These
are solid, homogeneous masses, well demarcated from
adjacent tissues. They exhibit homogeneous, fairly
intense contrast enhancement [16], and restricted
diffusion [14, 17].

A thorough evaluation of bone marrow is of paramount
importance for staging, as bone marrow involvement
(BMI), which is found in 5-15% of patients with Hodg-
kin's lymphoma (HL) and in 20-40% of patients with non-
Hodgkin’s lymphoma (NHL), by definition indicates stage
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IV disease [1-4]. This fact has both therapeutic and prog-
nostic implications [5, 6].

Lymphoma infiltrates the bone marrow, forming channels
in the cancellous bone and penetrating between fibrous
areas. MRl is the most sensitive tool for detecting these
tumours. DWI images allow for assessing bone marrow
infiltration at an earlier stage than other sequences. All
MRI sequences show abnormal bone marrow signal.
T1-weighted images typically exhibit uniformly low sig-
nal intensity, isointense relative to muscle. Greater signal
variability is seen on STIR images, which demonstrate ar-
eas of high, intermediate, or low intensity [18]. Other no-
table MRI features suggestive of bone lymphoma include

concomitant involvement of surrounding soft tissues
with minimal destruction of the cortical bone, marked
oedema, absence of necrosis or bleeding, and intense en-
hancement following intravenous contrast [19].

Normal, hypercellular lymphatic organs (e.g., spleen,
lymph nodes, and tonsils) physiologically demonstrate
increased DWI signal and decreased ADC signal com-
pared to adjacent tissues [20, 21] (Fig. 7). Therefore, sim-
ply identifying an area or structure meeting these two
criteria does not always constitute a basis for suspecting
lymphoma. A thorough knowledge of anatomy and his-
tology is crucial in this case to avoid misinterpretation of
a normal image as a pathological one and, consequently,

Figure 7. Images show physiological homogeneous diffusion restriction on DWI images and ADC map in normal spleen (marked
with arrows at the top) and palatine tonsils (marked with arrows at the bottom)
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exposing patients to unnecessary further diagnostic
workup and anxiety.

Conclusions

Despite their diverse clinical presentation, lymphomas,
regardless of their location, share several common MRI
features, such as homogeneous T1-weighted signal, the
absence of a fluid component within the tumour, limited
diffusion, and intense, homogeneous contrast enhance-
ment. However, it is important to remember that none
of these features, or even their coexistence, is pathog-
nomonic for lymphoma. Correct MRI interpretation and
correlation with the clinical presentation can shorten the
diagnostic path for patients with lymphoma and allow for
earlier initiation of targeted therapy.

References

1. HuangJ,Pang WS, Lok V, et al.; NCD Global Health Research
Group, Association of Pacific Rim Universities (APRU).
Incidence, mortality, risk factors, and trends for Hodgkin
lymphoma: a global data analysis. J Hematol Oncol, 2022;
15:57.doi: 10.1186/s13045-022-01281-9

2. Thandra KC, Barsouk A, Saginala K, et al. Epidemiology of
Non-Hodgkin’s lymphoma. Med Sci (Basel), 2021; 9: 5. doi:
10.3390/medsci9010005

3. Toma P, Granata C, Rossi A, Garaventa A. Multimodality
imaging of Hodgkin disease and non-Hodgkin lympho-
mas in children. Radiographics, 2007; 27: 1335-1354. doi:
10.1148/rg.275065157

4. Frampas E. Lymphomas: Basic points that radiologists
should know. Diagn Interv Imaging, 2013; 94: 131-144. doi:
10.1016/j.diii.2012.11.006

5. Miller KD, Ostrom QT, Kruchko C, et al. Brain and other
central nervous system tumor statistics, 2021. CA Cancer
J Clin, 2021; 71: 381-406. doi: 10.3322/caac.21693

6. Pons-Escoda A, Naval-Baudin P, Velasco R, et al. Imaging of
lymphomas involving the CNS: an update-review of the full
spectrum of disease with an emphasis on the World Health
Organization Classifications of CNS tumors 2021 and he-
matolymphoid tumors 2022. AJNR Am J Neuroradiol, 2023;
44:358-366.doi: 10.3174/ajnr.A7795

7. Velasco R, Mercadal S, Vidal N, et al.; GELTAMO and
GENOSEN group. Diagnostic delay and outcome in immu-
nocompetent patients with primary central nervous sys-
tem lymphoma in Spain: a multicentric study. J Neurooncol,
2020; 148: 545-554. doi: 10.1007/s11060-020-03547-z

8. Sakata A, Okada T, Yamamoto A, et al. Primary central ner-
vous system lymphoma: is absence of intratumoral hemor-
rhage a characteristic finding on MRI? Radiol Oncol, 2015;
49:128-134.doi: 10.1515/raon-2015-0007

2025NR 3VOL. 103

9. Margo CE, MullaZD. Malignant tumors of the orbit. Analysis
of the Florida Cancer Registry. Ophthalmology, 1998; 105:
185-190. doi: 10.1016/s0161-6420(98)92107-8

10. Priego G, Majos C, Climent F, Muntane A. Orbital lymphoma:
imagingfeatures and differential diagnosis. Insights Imaging,
2012; 3: 337-344. doi: 10.1007/513244-012-0156-1

11. Richards H, Ramsden C, Naidoo R, et al. Ocular adnexal lym-
phomas: a review. Expert Rev Ophthalmol, 2017; 12: 133-
148. doi: 10.1080/17469899.2017.12803%94

12. Vogele D, Sollmann N, Beck A, et al. Orbital tumors-clinical,
radiologic and histopathologic correlation. Diagnostics
(Basel), 2022; 12: 2376.doi: 10.3390/diagnostics12102376

13. Schmitz R, Ceribelli M, Pittaluga S, et al. Oncogenic mecha-
nisms in Burkitt lymphoma. Cold Spring Harb Perspect Med,
2014;4:a014282. doi: 10.1101/cshperspect.a014282

14. Kalisz K, Alessandrino F, Beck R, et al. An update on Burkitt
lymphoma: a review of pathogenesis and multimodality
imaging assessment of disease presentation, treatment re-
sponse, and recurrence. Insights Imaging, 2019; 10: 56. doi:
10.1186/s13244-019-0733-7

15. Siddiqui SH, Thakral B, Aakash F, et al. From the archives of MD
Anderson Cancer Center: Sporadic Burkitt lymphoma with
acomplex karyotype and SOX11 expression. Ann Diagn Pathol,
2023; 66:152182.doi: 10.1016/j.anndiagpath.2023.152182

16. Karaosmanoglu AD, Uysal A, Onur MR, et al. Primary lym-
phomas of the intraabdominal solid organs and the gastro-
intestinal tract: spectrum of imaging findings with histo-
pathological confirmation. Abdom Radiol (NY), 2019; 44:
2988-3005. doi: 10.1007/s00261-019-02100-5

17. Derinkuyu BE, Boyunala O, Oztunali C, et al. Imaging fea-
tures of Burkitt lymphomain pediatric patients. Diagn Interv
Radiol, 2016; 22: 95-100. doi: 10.5152/dir.2015.15211

18. Murphey MD, Kransdorf MJ. Primary musculoskeletal
lymphoma. Radiol Clin North Am, 2016; 54: 785-795. doi:
10.1016/j.rcl.2016.03.008

19. Steffner RJ, Jang ES, Danford NC. Lymphoma of bone. JBJS
Rev, 2018; 6: e1. doi: 10.2106/JBJS.RVW.17.00006

20. Khoo MM, Tyler PA, Saifuddin A, Padhani AR. Diffusion-
weighted imaging (DWI) in musculoskeletal MRI: a critical
review. Skeletal Radiol, 2011; 40: 665-681. doi: 10.1007/
s00256-011-1106-6

21. Donners R, Yiin RSZ, Koh DM, et al. Whole-body diffusion-
weighted MRI in lymphoma-comparison of global apparent
diffusion coefficient histogram parameters for differentia-
tion of diseased nodes of lymphoma patients from normal
lymph nodes of healthy individuals. Quant Imaging Med
Surg, 2021; 11: 3549-3561. doi: 10.21037/qims-21-50

227




ORIGINAL ARTICLE

PREVALENCE OF CARDIOVASCULAR DISEASE RISK
FACTORS AMONG MILITARY SENIOR OFFICERS -
AN EPIDEMIOLOGICAL ANALYSIS
AND PREVENTIVE IMPLICATIONS
Wystepowanie czynnikow ryzyka choréb sercowo-
-naczyniowych wsrod kierowniczej kadry wojska — analiza
epidemiologiczna i implikacje profilaktyczne

Barttomiej Marek Gawron, Grzegorz Gerard Gielerak

Military Institute of Medicine - National Research Institute, Department of Cardiology and Internal Medicine, Poland

Barttomiej Marek Gawron - 0009-0004-6080-4462
Grzegorz Gerard Gielerak - 0000-0002-6239-7918

Abstract

Introduction and objective: Cardiovascular diseases remain the leading cause of death worldwide, including in Po-
land, where they account for 35% of total mortality. A high prevalence of risk factors such as hypertension, hypercho-
lesterolemia, obesity, and chronic stress is particularly evident among military personnel. Due to the nature of their
work, senior military officers may be especially vulnerable to these health threats. The aim of the study was to assess
cardiovascular risk factors among senior military officers and identify potential preventive measures to reduce the
risk of cardiovascular events. Materials and methods: A retrospective analysis of medical records of military person-
nel, including laboratory findings, blood pressure measurements, BMI, and a health questionnaire. The study group
consisted of 34 officers (100% male) aged 40-58 years (mean 51 + 4.2 years). Results: Hypertension was diagnosed in
54% of participants, with 23% having stage Il or Il hypertension. Overweight or obesity (BMI 225 kg/m?) was present
in 83% of participants. Hypercholesterolemia (LDL >115 mg/dL) was found in 65%, while elevated non-HDL cholester-
ol levels (>130 mg/dL) in 68% of participants. A high or very high 10-year cardiovascular event risk (based on SCORE?2)
was observed in 62% of officers. Conclusions: Senior military officers exhibit a high prevalence of cardiovascular risk
factors, including hypertension, obesity, and lipid disorders. The findings highlight the need to implement preventive
programs, including health education, stress reduction strategies, and lifestyle modification support, which may con-
tribute to improved health and operational readiness of the armed forces.

Streszczenie

Whprowadzenie i cel: Choroby uktadu sercowo-naczyniowego pozostajg gtéwna przyczyna zgondw na swiecie, takze
w Polsce, gdzie stanowig 35% catkowitej Smiertelnosci. Wysoka czesto$é wystepowania czynnikéw ryzyka, takich jak
nadci$nienie tetnicze, hipercholesterolemia, otytos¢ i przewlekty stres, jest szczegdlnie widoczna w populacji zotnie-
rzy. Kadra kierownicza wojska, z uwagi na charakter pracy, moze by¢ szczegdlnie narazona na te zagrozenia. Celem
badania byta ocena czynnikéw ryzyka sercowo-naczyniowego wsréd kierowniczej kadry wojska oraz okreslenie po-
tencjalnych dziatan profilaktycznych zmniejszajacych ryzyko incydentéw sercowo-naczyniowych. Materiat i metody:
Przeprowadzono retrospektywng analize danych z dokumentacji medycznej zotnierzy, obejmujacg wyniki badan
laboratoryjnych, pomiary cisnienia tetniczego, BMI oraz kwestionariusz zdrowotny. Badana grupa liczyta 34 ofice-
row (100% mezczyzn) w wieku 40-58 lat (Srednia 51 + 4,2 roku). Wyniki: Nadcisnienie tetnicze stwierdzono u 54%
badanych, z czego 23% miato Il lub Il stopien tego schorzenia. Nadwage lub otyto$¢ (BMI 225 kg/m?) stwierdzono
u 83% uczestnikéw. Hipercholesterolemie (>115 mg/dl LDL) rozpoznano u 65%, a 68% miato podwyzszony poziom
cholesterolu nie-HDL (>130 mg/dl). Wysokie lub bardzo wysokie 10-letnie r yzyko incydentu sercowo-naczyniowego
(wedtug SCORE2) wystepowato u 62% oficeréw. Whnioski: Kadra kierownicza wojska charakteryzuje sie wysokim roz-
powszechnieniem czynnikéw ryzyka sercowo-naczyniowego, w tym nadcisnienia tetniczego, otytosci i zaburzen lipi-
dowych. Wyniki wskazujg na konieczno$¢ wdrozenia programow profilaktycznych, obejmujacych edukacje zdrowot-
ng, strategie redukcji stresu oraz wsparcie w zakresie zmiany stylu zycia, co moze przyczynic sie do poprawy zdrowia
i zdolnosci operacyjne;j sit zbrojnych.

Keywords: obesity; cardiovascular risk factors; military epidemiology; health prevention; hypercholesterolemia

Stowa kluczowe: otytos$¢; czynniki ryzyka sercowo-naczyniowego; epidemiologia wojskowa; profilaktyka zdrowotna;
hipercholesterolemia
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Introduction

Cardiovascular diseases (CVDs) still remain the leading
cause of death worldwide, with their prevalence in Po-
land being particularly high. According to data from the
Central Statistical Office, CVDs accounted for 35% of all
deaths in 2020-2021, surpassing cancer at 20% [1, 2].
The most significant scientifically proven CVD risk fac-
tors include hypercholesterolemia, chronic stress, smok-
ing, hypertension (HT), and obesity, all of which are prev-
alent in the Polish population [3].

Similar trends are seen among Polish military personnel,
where CVD risk factors are alarmingly prevalent. The
MIL-SCORE study, which was conducted among 6,500
soldiers, revealed high rates of HT, hypercholesterol-
emia, and obesity [4]. The European Society of Cardiolo-
gy (ESC) classifies Poland as a high-risk country for CVD,
with a mortality rate nearly twice the European Union
average [5, 6].

The leadership staff are a particularly vulnerable military
group. Military commanders are exposed to high levels
of chronic stress, which, combined with HT, lipid disor-
ders, and obesity, creates a serious health risk. Studies
have shown that more than 50% of officers have abnor-
mal blood pressure, and 62% of them are at high or very
high 10-year cardiovascular risk. The health of this group
is essential for the functioning of the armed forces and
maintaining operational readiness.

The aim of this study was to comprehensively assess CV
risk factors among senior military officers, identify key
threats, and develop recommendations for preventive
programmes, the implementation of which may help re-
duce the prevalence of CV events and improve both long-
term health and operational capacity of the armed forces.

Methods

The study was aretrospective analysis of medical records
of Polish soldiers holding leadership positions. Due to the
specific nature of their duties, this group is particularly
exposed to chronic occupational stress.

Data were collected during a preventive campaign con-
ducted among volunteers at the Military Institute of
Medicine in 2023. The inclusion criteria were as follows:
holding a leadership position in military structures and
providing informed consent to participate.

Participants underwent a comprehensive health assess-

ment, including:

B standard laboratory tests, including lipid profile (to-
tal cholesterol, LDL, HDL, triglycerides) and fasting
glucose;
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B structured questionnaire survey, including medical
and family history, smoking status;
anthropometric measurements, including height,
weight, and BMI;
haemodynamic measurements, including blood pres-
sure (ESC guidelines).

The data were analysed statistically, comparing the re-
sults among participants with varying levels of CV risk.

Results

The study group included men aged 40-58 years
(mean: 51 + 4.2 years) (Tab. 1). Medical history showed
a prior diagnosis of HT in 35.3% (n = 12), type 2 diabe-
tes mellitus (T2DM) in 2.9% (n = 1), and hypercholes-
terolemia in 11.8% (n = 4) of subjects. Family history
of CVD, which was reported by 26% of participants,
represented an important component of the study.
Documented cases included coronary heart disease,
cerebrovascular incidents, and HT among first-degree
relatives.

Analysis of blood pressure measurements taken during
the study visit showed abnormal values in more than
50% of participants (Fig. 1, Fig. 2). When stratifying the
observed haemodynamic disturbances, values consistent
with grade Il HT (2180/110 mmHg) were found in 1 par-
ticipant, while five participants presented with values
classified as grade Il HT (160-179/100-109 mmHg) as
per ESC guidelines (Tab. 2) [7].

The analysis of anthropometric parameters showed
normal body weight (BMI 18.5-24.9 kg/m?) in only
14.7% of participants (n = 5) (Tab. 3). The distribution of
abnormal BMI valuesinthe study population was as fol-
lows: overweight (BMI 25.0-29.9 kg/m?) in 50% of par-
ticipants (n = 17), obesity class | (BMI 30.0-34.9 kg/m?)
in 23% (n = 8), and obesity class |l (BMI 35.0-39.9 kg/
m?) in 10% (n = 3). The observed distribution of body
weight disorders indicates a high prevalence of over-
weight and obesity (important risk factors for CVD) in
the study group.

Table 1. Characteristic of the study group

Parameter | n | %
Gender (male/female) 34/0 100/0
Mean age (years) 51 (40-58) -
History of hypertension 12 35
History of diabetes mellitus 1 3
History of hypercholesterolemia 4 12
Positive family history

of cardiovascular disease 7 26
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Figure. 1. Blood pressure and heart rate at the visit. SBP - systolic blood pressure; DBP - diastolic blood pressure; HR - heart rate

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure. 2. Number of abnormal BP values at the visit . DBP - diastolic blood pressure; SBP - systolic blood pressure

The analysis of nicotine dependence in the study popu- in 65% of participants (n = 22). Furthermore, 68% of
lation showed a relatively low prevalence of this behav-  participants (n = 23) had elevated non-HDL cholesterol
joural CVD risk factor (11.8%, n = 4).

As part of the research protocol, all participants under-  Table 2. Blood pressure at the visit
went a comprehensive assessment of lipid and carbohy-

drate metabolism parameters, including fasting glucose  |LGIGEIMEES ‘ Value
(Tab. 4). The analysis showed normal biochemical param- | Mean systolic blood pressure 135,5 + 14,97 mmHg
eters in only 11.8% of participants (n = 4). Lipid profiles | Mean diastolic blood pressure 88,9 + 12,2 mmHg
were evaluated using individualized reference values, . .
considering each participant’s cardiovascular risk strati- [N ERO I 1ol | n % (n = 26)
fication [5]. Systolic BP 2140 mmHg 11 42

. . . o Diastolic BP 290 mmHg 14 54
A detailed ana_IYS|s_of lipid parameters revealed signifi- Grade | hypertension 8 31
cant abnormalities in the study population. LDL choles- Grade llh tensi 5 19
terol >115 mg/dL (low CV risk threshold) was observed race " ypertension

Grade lll hypertension 1 4

Table 3. BMI measurements in the study group of soldiers

BMI category BMI range (kg/m?) Number of people (n = 30) ‘

Normal 18,5-24,99 5 17
Overweight 25-29,99 15 50
Grade | obesity 30-34,99 7 23
Grade Il obesity 35-39,99 3 10
BMI - body mass index
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Table 4. Laboratory findings
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Parameter | Value | n | %
Number of subjects with normal lipid profile and fasting glucose 4 12
<55 2 6
55-69 1 3
LDL (mg/dL) 70-99 3 9
100-115 6 18
>115 22 65

Mean LDL (mg/dL) 131,2
<85 3 9
85-99 3 9
Non-HDL (mg/dL) 100-129 z 15
>130 23 68

Mean non-HDL (mg/dL) 154,1
<150 23 67
X . 150-199 6 18
Triglycerides (TGs, mg/dL) 200-499 2 12
>500 1 3

Mean TGs (mg/dL) 156,6
<100 27 79
i 100-125 6 18
Fasting glucose (mg/dL) 126-199 1 3
2200 0 0

Mean glucose (mg/dL) 94,2

LDL - low density lipoprotein; HDL - high density lipoprotein, TG - triglycerides

(>130 mg/dL), exceeding the reference threshold for
moderate CV risk.

Analysis of the overall 10-year risk of CV events (fatal
and nonfatal), performed using the updated SCORE2 al-
gorithms, revealed a concerning risk profile in the study
population. Only 38% of participants (n = 13) were clas-
sified as low or moderate CV risk (Tab. 5). The remaining
62% of participants (n = 21) were identified as having
a high or very high 10-year risk of CV events [5].

Discussion

The epidemiological analysis showed a significant prev-
alence of both modifiable and non-modifiable cardiovas-
cular risk factors in the study group of military officers.
Of particular note is that, due to the specific nature of
their duties, this group is inherently exposed to chronic
psychological stress, a recognized independent risk fac-
tor for CVD. The accumulation of chronic occupational
stress, combined with additional risk factors identified
in this study, may accelerate atherogenesis and increase
susceptibility to CV events in this professional group.

These observations highlight the need to implement
dedicated preventive programmes that encompass in-
terventions targeting both classic risk factors and occu-
pational stress management strategies.

A detailed analysis of haemodynamic parameters re-
vealed a significant discrepancy between the declared
and actual prevalence of HT. While 35% of respon-
dents reported a history of HT in the health question-
naire (Tab. 1), abnormal blood pressure (BP) was ob-
served at the study visit in 54% of participants, with
23% exhibiting values consistent with grade Il and Ill
HT (Tab. 2). Comparison of the obtained results with
the MIL-SCORE findings indicates a lower prevalence
of HT in the study cohort compared to the correspond-
ing age categories: 63.5% in the 41-50 age group and
68% in the >50 age group [4]. From a broader interna-
tional perspective, the prevalence of HT in the Polish
Armed Forces is notably higher than in allied armies.
HT was found in 5% of soldiers in the US Armed Forces
and 2% of soldiers in the French Army, despite the lat-
ter’s slightly older average age than in the MIL-SCORE
group [8, 9].

Table 5. 10-year risk of CVD (fatal and non-fatal) calculated in the study group according to Score2

Age group Low-to-moderate risk of CVD High risk of CVD Very high risk of CVD
(<2.5%; <5%) (2.5-7.5%; 5-10%) (27.5%, 210%)

<50 years 5(42%) 2(17%) 1(8%)

50-69 years 5(50%) 10 (45%) 2 (9%)

Total 10 (38%) 12 (46%) 4(15%)

CVD - cardiovascular diseases, Score2 - tools for assessing 10-year risk of cardiovascular event
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Analysis of anthropometric parameters demonstrated
a disturbing body weight distribution in the study popu-
lation (Tab. 3). Only 17% of participants had a healthy
weight, while 50% were overweight and 33% were obese
(mean BMI: 28.6 kg/m?). The prevalence of obesity in this
group is comparable to that in the general U.S. popula-
tion (33.6%), but significantly exceeds the rates reported
in the U.S. Armed Forces (18%), the MIL-SCORE cohort
(14.1%), and the French Army (10%).

Assessment of metabolic parameters revealed normal
lipid profile and fasting blood glucose in only 12% of par-
ticipants, which indicates a high risk of atherosclerosis
and cardiovascular complications (Tab. 4). Detailed anal-
ysis of the lipid profile revealed elevated LDL cholesterol
(>115 mg/dL) in 65%, hypertriglyceridemia (>150 mg/dL)
in 33%, and elevated non-HDL cholesterol levels
(>130 mg/dL) in 68% of participants.

A positive aspect is the relatively low prevalence of nico-
tine dependence in the study population (approximately
10%), which is much lower compared to 46.2% reported in
the MIL-SCORE study and rates observed in other military
formations (USA: 19.9%, Germany: 25%). This percentage
is only 10.5% among Polish pilots [10]. According to Cen-
tre for Public Opinion Research data from 2019, the per-
centage of smokers in the general population decreased
from 31% to 26% (including from 40% to 31% among men)
between 2012 and 2019 [11]. Furthermore, the preva-
lence of smoking is correlated with the level of education,
with 33% of smokers declaring vocational education, and
only 17% having higher education. Smoking was reported
by 15% of specialists and management staff. These trends
align with the nationwide decline in nicotine dependence,
particularly evident among individuals with higher educa-
tion and those in management positions.

Epidemiological analysis of NATO military health reports
also shows significant differences in the prevalence of CV
risk factors between pilots and other soldiers[10, 12-14].
The prevalence of overweight and obesity (40.8%) is
lower in military pilots compared to the overall military
population, where it exceeds 50%. Likewise, HT is less
common among pilots (14.7%) compared to other sol-
diers (29.5%). A different pattern is seen with hypercho-
lesterolemia, which affects 53.9% of pilots compared to
only 24.4% of the rest of the military population. Smok-
ing rates are similar in both groups, with a slight upward
trend among pilots (31.7%).

Analysing these differences, several factors can be iden-
tified that explain this distribution and should be consid-
ered when developing recommendations for the condi-
tions and organization of a cardiac prevention model in
the military. Pilots undergo more rigorous health screen-
ing and regular, detailed examinations, which enable
earlier diagnosis and treatment of metabolic disorders.
However, their work is associated with high stress levels,
which may contribute to unfavourable changes in lipid
profiles and an increased risk of hypercholesterolemia.
Age and experience are also important differentiators,
with older pilots (over 45-50 years) being less likely to
show accumulation of risk factors, which may reflect
greater health awareness and more effective preventive
strategies [13, 14].
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Researchers at the Institute of Aerospace Medicine in Co-
logne (Germany) also assessed the overall CV risk among
military pilots using the PROCAM score adapted to the
German population. The results showed that the overall
CV risk was lower in this group compared to the general
German population, with high (25%) and very high (210%)
risk observed in 0.8% and 0.1% of participants, respec-
tively [11]. This risk was also significantly lower than that
observed in the Polish military. Similar findings were re-
ported in studies involving NATO air personnel, highlight-
ing the effectiveness of dedicated educational programme
and health monitoring in reducing CV risk.

SCORE2rrisk tables, developed for high-risk populations,
were used to assess the overall risk of CV events among
the surveyed officers. About 28% of participants were
classified as low or moderate risk (<5%), 46% as high risk
(25%), and 15% as very high risk (210%) (Tab. 5). For com-
parison, 93.5%, 5.5%, and 1% of soldiers from the same
age group, assessed with the PoISCORE 2015 tool as part
of the MIL-SCORE study, were classified as low-to-mod-
erate, high, and very high risk, respectively [4].

Study limitations

This was a retrospective analysis of medical records from
preventive health screenings conducted among volun-
teers. Participants were officers holding leadership posi-
tions, with a mean age of 51 years. Therefore, the results
are applicable only to this group and should not be gener-
alized to the entire military population.

The incompleteness of data in the medical records and
the lack of standardization for blood pressure measure-
ments (e.g., missing information on devices used and
measurement conditions), which could have affected
result accuracy was a significant limitation of the study.
Additionally, the relatively small study group limits the
generalizability of the findings.

Body composition was assessed using the BMI, which,
although widely used in medicine, not always accurately
differentiates between excess fat and increased muscle
mass. This limitation is particularly relevant for physical-
ly active individuals, as confirmed by previous analyses
from the Military Institute of Aviation Medicine [10].

Conclusions

The study provided valuable public health data on the
prevalence of cardiovascular risk factors in a selected
group of Polish officers in leadership positions.

Our findings highlight the need to implement compre-
hensive preventive programmes in the Armed Forces.
Regular screenings, increasing personnel awareness of
healthy lifestyle principles, fostering habit development,
and maintaining motivation to apply these habits dur-
ing military service are essential. Tailoring dietary and
training interventions to the specific professional re-
quirements of officers is equally important. Preventive
measures should include individually tailored nutritional
strategies, appropriately planned physical activity, and,
when justified, pharmacological management of meta-
bolic disorders.

Prevalence of cardiovascular disease risk factors among military senior officers - an epidemiological analysis and preventive implications



The data emphasize the need for further prospective
studies to evaluate the effectiveness of implemented
preventive interventions and their impact on long-term
prognosis in this professional group. Analyses should in-
clude indicators such as changes in lipid profiles, blood
pressure stabilisation, weight reduction, and improved
physical performance. At the same time, given the ben-
efits of technological advancements, the development
and implementation of ICT tools for collecting, process-
ing, and analysing behavioural, metabolic, and environ-
mental health risk factors appear fully justified. Such
solutions can support education, promote a healthy life-
style, and monitor health status as well as adherence to
health-oriented recommendations. Incorporating stress
biomarkers and subjective assessments of quality of life
could provide a more accurate evaluation of the efficacy
of preventive measures.
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Abstract

A number of monographs and studies have been written so far about the Radom State Armament Factory -
Weapons Factory, which was established in 1925, but none of these works has comprehensively addressed
the subject of health support for the factory’s employees. Also, no original source documentation has survived
that would allow for the reconstruction of the staff composition, the location of the Center within the factory
premises or the structure of injuries and illnesses. To address this gap, research was conducted in the Radom
State Archives. The requested information, however, is not contained in the factory’s files. Isolated details
can only be found by reviewing thematically related folders on professional medical personnel, other medical
institutions or in the order books of the Director of the Radom Social Insurance Company from the World War 1l
period. The causal nature of the work is evident from the premises outlined above. This study, which takes
acloserlook at the history of the Armament Factory Health Center, which should be considered alocal community,
contributes to a deeper understanding of one of the aspects of military health care.

Streszczenie

Na temat powstatej w 1925 roku w Radomiu Panstwowej Wytwoérni Uzbrojenia - Fabryki Broni napisano do-
tychczas wiele monografiii opracowan, jednak zadna z tych prac nie podjeta tematu zabezpieczenia zdrowotnego
pracownikéw zaktadu w sposéb kompleksowy. Nie zachowata sie réwniez zadna oryginalna dokumentacja zré-
dtowa, ktéra pozwolitaby odtworzyc sktad personelu, lokaliz  acje Osrodka na terenie fabryki czy strukture
urazow i zachorowan. Aby wypetni¢ te luke, przeprowadzono kwerende w Archiwum Panstwowym w Radomiu.
Poszukiwanych informacji nie odnaleziono jednak w aktach dotyczacych samej fabryki. Pojedyncze dane mozna
znalez¢ dopiero przegladajac teczki tematycznie zbiezne, dotyczace fachowego personelu medycznego, innych
placéwek medycznych czy tez ksiegi Zarzadzen Dyrektora Ubezpieczalni Spotecznejw Radomiu z okresu Il wojny
Swiatowej. Z powyzszych przestanek wynika przyczynkarski charakter pracy. Opracowanie niniejsze, przybliza-
jac dzieje lokalnej spotecznosci, jaka byt Osrodek Zdrowia Fabryki Broni, staje sie przyczynkiem do lepszego
poznania jednego z aspektéw wojskowej stuzby zdrowia.

Keywords: World War Il; Radom; health center; weapons factory
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Introduction

Little information has survived regarding the organiza-
tion of premises and staffing of health care at the State
Armament Factory - Arms Factory in Radom (PWU-FB)
during the operation of its Health Center between 1925
and 1942. A brochure published in 1975 mentioned only
briefly that a small outpatient clinic was located in the ad-
ministration building, without specifying the number of
rooms or staff. The brochure further states: It was not un-
til 1935 when funds from employee contributions (5%) to the
Health Fund were used to adapt the building at 10 Stoneczna
Street (now 1905 Street) for healthcare purposes, with Dr.
Franciszek Waga appointed as its head. These funds were also
used for the construction of a hospital on Narutowicza Street,
opened in 1937 as the central facility for related institutions
in Radom, Pionki, and Skarzysko. The hospital comprised
three departments—internal medicine, surgery, and gynae-
cology—and four outpatient clinics: surgery, otolaryngology,
ophthalmology, and gynaecology. At the time, it was the most
modern and best-equipped hospital in Radom. The facility
was taken over by the Polish Army in 1945, and it came un-
der the authority of the municipal health service in 1950 [1].
However, the hospital on Narutowicza Street was not
affiliated with the Armament Factory or related arma-
ments plants. Its establishment, as the Garrison Hospi-
tal, was ordered on August 1, 1937, by directive of the
General Command Department 3625 (Organizational,
Secret) issued by the Minister of Military Affairs [2].
The hospital building, completed in 1937, was officially
opened on Narutowicza Street on April 25,1938 [3]. Sim-
ilarly, limited data regarding the organization of health
care at the facility are available in other sources [4].

Let us now return to the PWU-FB Health Center. Accord-
ing to the authors of the 1975 study, a separate building
of the facility was opened in 1935. In the same year, the
local press reported: ‘Four major war industry plants, i.e. the
gunpowder factory in Pionki, the weapons factory in Radom,
and the weapon and rocket artillery factories in Skarzysko-
Kamienna, will be excluded from the Social Insurance Fund as
of April 1. These factories were to establish their own insur-
ance system for illness and incapacity for work, and indepen-
dently provide pension insurance for white- and blue-collar
workers, accident insurance, and contributions to the Labor
Fund. As a result, the Radom Social Insurance Institution lost

Figure 1. Fragment of a legend from the 1938 Armament Fac-
tory plan
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one-third of its insured population and approximately 40%
of its total revenue [5].

The building at 10 Stoneczna Street has not survived,
and no archival photographs of Radom have been found
showing it in its entirety. The only known image, discov-
ered in a German soldier’s album and dated September
1939, shows merely a fragment of the structure [6].

This photograph, taken from the factory side along the
arched internal road where cannons were displayed,
shows four German soldiers. The wall of the Health Cen-
ter outbuilding can be seen behind the second soldier
from the right, appearing as if it had been added to the
main Armament Factory building (marked as no. 54 on
the attached plan). Above the head of the second soldier
from the left, a fragment of a tall gable-roofed struc-
ture can be seen—this is the Health Center building at
10 Stoneczna Street (marked 53). Above the head of
the first soldier on the left, a fragment of the building at
8 Stoneczna Street (marked 52) is visible (Fig. 1, Fig. 2).
The Armament Factory planis preserved in the collections
of the State Archives in Radom (Fig. 3) [7]. Dr. Zygmunt Eh-
rlich (1885-1933) was the first head of the Center. He or-
ganized the outpatient clinic in the administration building
and later earned the recognition of the facility’s employ-
ees for his conscientiousness and dedication to patients,
serving at the Health Center from 1927 to 1933.1n 1927,
his activities at the Armament Factory were criticized
in a paper entitled “Mr. Dr. Ehrlich at ‘Work™ published
in Zycie Robotnicze issued by the Radom Polish Socialist
Party. The doctor’s response was published in the daily
Stowo (No. 231, October 7, 1928). In 1927, Dr. Ehrlich was
also engaged in social activities; his name appears among
those helping poor children as part of “Ochrona IlI” at
17 Skaryszewska Street, organized by the Charitable Society.

In February 1933, Dr. Ehrlich donated an X-ray room to
the Railway Technical School. The local press reported:
‘In these days, the State Railway Technical School received
a generous gift from Dr. Zygmunt Ehrlich in the form of a com-
plete X-ray room, worth several thousand PLN. The gift in-
cludes, among others, a mercury interrupter, induction coils,
a marble switchboard, capacitors, a screen, and a number of
vacuum tubes. The significance of this donation highlights the
generosity of the donor [8].

Figure 2. View of the buildings at 8 and 10 Stoneczna Street
(in the background)
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Figure 3. Location of the buildings at 6, 8, and 10 Stoneczna
Street on the 1938 Armament Factory plan

Dr. Ehrlich died in 1933 in Krakow following a major sur-
gery and was buried there. His posthumous memorial
reads: In every area of work, the Deceased was distinguished
by his outstanding conscientiousness, which earned him the
respect and dffection of many employees of the State Ar-
mament Factory, where he served as doctor for many years.
As a physician, he was an individual with a broad mind, pro-
found knowledge, and work that continually advanced.

He kept abreast of the latest achievements in medical sci-
ence and practice, applying them energetically and skilfully—
so much so that he was credited with ‘preventing death’ for
many in our city through his adept care. This posthumous
tribute also highlights another notable trait of Dr. Ehrlich: he
was a steadfast advocate for truth. He consistently fought for
truth in his actions and their adherence to ethical principles.
This struggle was passionate and often uncomfortable for
his opponents, yet always driven by ideological motives, im-
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pacting him both physically and morally. Dr. Ehrlich spared
no effort, which contributed significantly to his premature
death. He was generally regarded as a ‘good man’, a quality
increasingly rare in the post-war era, and a compassionate
physician, always ready to help the sick, never motivated by
personal gain, and exceptionally willing to support his unwell
colleagues and their families [9].

Following Dr. Ehrlich’s death, Lieutenant Colonel Dr.
Franciszek Waga (1887-1956), who relocated to the
city from Warsaw, took over the Health Center. What is
known about Dr. Waga? In 1926, as a major physician, he
attended and graduated from the French School of War-
fare (Ecole Supérieure de Guerre) as one of 53 students [10].
From 1925, he collaborated with the editorial staff of the
monthly Military Physician, published under the subtitle
‘Organ Oficerow Korpusu Sanitarnego Wyznany i Rezer-
wy’ (Office of Medical Corps Officers and Reserves) [11].
In 1932, as a lieutenant colonel, he wrote the foreword to
the book Psychotechnical Script (According to Lectures at
Officer Psychotechnical Courses), published by the Min-
istry of Military Affairs [12]. As an activist of the Polish
Red Cross (PCK), he participated in the re-establishment
of the Radom branch board in September 1939, alongside
other physicians: Stefan Wronski, Feliks Nowakowski,
and Zofia Tochterman. The memaoirs of Dr. Jerzy Boryso-
wicz read: ‘| worked most closely with Dr. Stefania Perza-
nowska, Tadeusz Orzeszko, Konrad Vieth, Franciszek Waga,
Mamert Cywinski, and Wactaw Raczynski. We exchanged in-
formation about impending arrests, avoided staying at home
overnight, sent individuals requiring medical certificates
or sick leaves, and informed each other about patients sus-
pected of collaborating with the Germans, etc. [13]. In 1940,
Dr. Waga transitioned from working with the Polish Red
Cross to the Board of the Municipal Welfare Council in
Radom. Social Insurance documents contain numerous
entries regarding the payment of remuneration for his
work as asurgeon at the outpatient clinic at 10 Stoneczna
Street (where the Armament Factory Health Center was
located before the war). After the war, he became the
first Head of the Emergency Medical Service in Radom
[14-17]. He also practiced as a dermatologist.

Over the years, the Health Center expanded its opera-
tions, offering services to an increasing number of in-
sured persons, their families, and personnel. However, it
is currently impossible to reconstruct the employment
periods of individual doctors, paramedics, or nurses.
Wartime censuses of the city’s inhabitants contain infor-
mation on only some physicians, along with notes regard-
ing their work at the Armament Factory Health Center.
Records mention Dr. Helena Poptawska, born on Septem-
ber 13,1899, whoin 1940 lived at 18 Sienkiewicza Street
and reported a monthly salary of 300 PLN; Dr. Wiktor
Ogoérkowski, who in 1940 resided at 21 Kelles-Krauza
Street; and Dr. Jozef Witkomirski, who in February 1942
lived at 14 Warynskiego Street and received a salary of
300 PLN at the Health Center [18-20]. According to
these records, a paramedic named Leon Stamirowski,
born on April 7, 1888, also worked at the Health Cen-
ter. In 1942, he earned 350 PLN per month and resided
at 88 Btawatna Street [21].

On December 15, 1941, a conference was held regarding
the takeover of the PWU-FB Health Center by the Social
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Insurance Institution. Dr. Teofil Jorga (1893-1950) at-
tended on its behalf. The Head of the institution in Radom
ordered that Dr. Jérga be reimbursed 20 PLN for travel ex-
penses incurred while attending the conference at the Arma-
ment Factory Health Center concerning the takeover of the
Health Center by the local Social Insurance Institution[22, 23].

As of 1 January 1942, in accordance with Order No. Il of
17 March 1941, which dissolved the health centres op-
erating at Radom factories and workplaces, and follow-
ing the arrangements adopted at the 15 December 1941
conference, the obligations toward employees arising
from social insurance were assumed by the Social Insur-
ance Institution in Radom. The formal date for the take-

over of the buildings and personnel was 1 January 1942.

In the case of the PWU-FB Health Center, the Social

Insurance Institution assumed responsibility for the fol-

lowing personnel (monthly earnings in PLN are shown in

brackets):

B Doctors: Dr. Wtadystaw Cimiengo, physician
(400 PLN); Dr. Helena Poptawska, paediatrician
(400 PLN); Dr. Eugeniusz Szylling, gynaecologist
(550 PLN); Dr. Jézef Witkomirski, otolaryngologist
(300 PLN); Dr.Stefan Gajdzinski,internist (550 PLN);
Dr. Jerzy Borysowicz, neurologist (300 PLN); Dr.
Mamert Cywinski,internist (300 PLN); Dr.Bronistaw
Mastowski, surgeon (330 PLN); Dr. Bronistawa
Skorko, paediatrician (350 PLN); Dr. Zofia Olszews-
ka, dentist (560 PLN); Dr. Helena Jarczynska, den-
tist (400 PLN); and Dr. Wiktor Ogorkowski, dentist
(200 PLN).

B Feldshers: Walenty Staniewski (450 PLN) and Leon
Stawomirski (350 PLN).

B Nurses: Jadwiga Zardecka (270 PLN); Janina
Dydynska (180) and Anna Ortowska (280) and Anna
Brzozowska, hygienist (250) and Julianna Bilska, san-
itary assistant (190)

B Pharmacy employees: Tadeusz Teski, MA, manager
(600); Marian Sztencel (500); Halina Fijatkowska
(300), Czestawa Zebrowska, MA (420) and Leokadia
Wach, bag maker (200).

B Administrative staff: Stanistaw Piotrowski, book-
keeper (450); Stefan Zakrzewski, secretary (500);
Tadeusz Piotrowski, clerk (200) and Stanistaw
Gozdzikowski, mechanic (300).

B Support staff: Stanistaw Kurys, janitor (200);
Witadystaw Siurek, janitor (170); Zofia Giza, cleaner
(170); Wtadystawa Krawczyk, cleaner (150) and Jani-
na Pekala, cleaner (150).

B This marked the end of the period of operation of the
PWU-FB Health Centre as an independent facility [24].

Conclusions

In addition to the history written in battlefields, mili-
tary headquarters, and politicians’ offices, local history
remains of crucial importance, as it is with local history
that communities most strongly identify. This history is
shaped by the people and events in their immediate sur-
roundings, influencing towns, workplaces, associations,
health centres, and interpersonal relationships. Recon-
structing this history is therefore of great importance, as
it connects us closely to the past and helps prevent future
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mistakes. It is hoped that further archival materials re-
lated to this facility will be obtained, enabling continued
research on the topic.
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Abstract

Introduction: Multimorbidity is the co-occurrence of two or more chronic diseases. The prevalence of multi-
morbidity increases with age, although it is not limited to elderly individuals. Polypharmacy, understood as the
simultaneous use of five or more medications, is closely linked to multimorbidity and increases the risk of adverse
drug reactions. Antineutrophil cytoplasmic antibody-associated vasculitis predisposes patients to both multi-
morbidity and polypharmacy. Managing comorbid chronic conditions requires particular caution in patients with
vasculitis. It is essential to account for drug interactions and balance the risk of adverse effects with the need to
control disease activity. Case report: This case report describes a 63-year-old patient with vasculitis and mul-
timorbidity admitted to the hospital following a traffic accident. The patient had multiple chronic conditions,
including heart failure, coronary artery disease, rheumatoid arthritis, and osteoporosis. Despite treatment, the
patient’s condition deteriorated, necessitating a 4-month hospitalization during which the patient, due to the de-
velopment of infectious complications, including sepsis, required multiple courses of antibiotic therapy and was
qualified for chronic haemodialysis due to progressive renal failure. Conclusion: Managing multimorbidity and
polypharmacy presents a significant challenge in everyday clinical practice, particularly among older patients,
due to the increased risk of adverse drug reactions. An evidence-based therapeutic approach is crucial for treat-
ing complex medical conditions.

Streszczenie

Wstep: Wielochorobowo$¢ definiuje sie jako wspétwystepowanie co najmniej dwoch choréb przewlektych.
Czestosc¢ jej wzrasta z wiekiem, jednak jej wystepowanie nie ogranicza sie wytgcznie do osob starszych.
Polipragmazja, rozumianajako jednoczesne stosowanie co najmniej pieciu lekow, jest Scisle zwigzana z wielocho-
robowoscia i zwieksza ryzyko wystgpienia dziatan niepozadanych farmaceutykéw. Zapalenie naczyn zwigzane
z przeciwciatami przeciwko cytoplazmie neutrofiléw predysponuje do wystapienia zaréwno wielochorobowo-
scijak i polipragmazji. Leczenie wspodtistniejgcych schorzen przewlektych u pacjentéw z zapaleniem naczyn wy-
maga szczegblnej ostroznosci. Nalezy uwzgledniac interakcje miedzy lekami oraz rownowazy¢ ryzyko dziatan
niepozadanych z kontrolg aktywnosci choroby. Opis przypadku: W pracy przedstawiono przypadek 63-letnie-
go pacjenta z zapaleniem naczyn i wielochorobowoscia, przyjetego do szpitala po wypadku komunikacyjnym.
Chory byt obcigzony m.in. niewydolnoscig serca, chorobg wiehcowa, reumatoidalnym zapaleniem stawéw oraz
osteoporoza. Pomimo leczenia jego stan pogarszat sie i konieczna byta 4-miesieczna hospitalizacja, podczas
ktérej z powodu rozwijajacych sie powiktan infekcyjnych, w tym sepsy, wymagat kilkukrotnej antybiotykotera-
pii oraz wzgledu na postepujaca niewydolnos$¢ nerek zostat zakwalifikowany do leczenia przewlektymi hemo-
dializami. Wnioski: Zarzadzanie wielochorobowoscig i polipragmazjg stanowi powazne wyzwanie w codziennej
praktyce klinicznej, szczegdlnie u pacjentow starszych, ze wzgledu na zwiekszone ryzyko dziatan niepozada-
nych. Kluczowe w leczeniu ztozonych schorzen jest wtasciwe podejscie terapeutyczne, oparte na najlepszych
dostepnych dowodach naukowych.

Keywords: adverse drug reactions; multimorbidity; polypharmacy; ANCA antibody-positive vasculitis

Stowa kluczowe: dziatania niepozadane lekéw; wielochorobowos¢; polipragmazja; zapalenie naczyn z przeciwciatami
ANCA
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Introduction

Multimorbidity is defined as the co-occurrence of at
least two independent chronic conditions [1]. These
may include metabolic, cardiovascular, and musculo-
skeletal diseases, as well as mental disorders, chronic
pain, and substance abuse [2]. It should be distin-
guished from comorbidity, defined as the simultane-
ous presence of two or more disease entities that mu-
tually influence prognosis [3]. Although the incidence
of multimorbidity and comorbidity increases with age,
younger populations may also be affected. As report-
ed by Bandosz et al., the prevalence of multimorbidity
was 69.3% among individuals aged 60-64 years, rising
to 91% in those over 85 years, with a slight decrease
after the age of 90 years [4]. Furthermore, more than
60% of patients over 80 years of age presented with at
least four chronic conditions [4].

Inappropriate polypharmacy, defined as the concur-
rent use of five or more medications, is closely associ-
ated with multimorbidity. It increases the risk of non-
compliance (non-adherence), pharmacotherapeutic
errors, and adverse drug events (proportional to the
number of medications used), as well as a higher inci-
dence of hospital admissions, falls, and disability [5].
Appropriate polypharmacy, i.e., the use of multiple
medications tailored to the patient’s health condi-
tion, differs from inappropriate polypharmacy in that
it aims to provide a broad therapeutic effect without
increasing the risk of adverse effects [6]. Both ap-
propriate and inappropriate types of polypharmacy
are frequently observed among the elderly. Payne
et al. [7] showed that 56% of individuals aged =85
years used five or more medications as compared to
9% in the 45-54 age group.

Anti-neutrophil cytoplasmic antibody (ANCA)-associ-
atedvasculitides(AAVs)areagroupofdisordersinvolv-
ing severe, systemic, small-vessel vasculitis charac-
terized by the presence of autoantibodies against
proteinase 3 (PR3-ANCA) or myeloperoxidase
(MPO-ANCA). AAV is classified into three types: gran-
ulomatosis with polyangiitis (GPA), microscopic poly-
angiitis (MPA), and eosinophilic granulomatosis with
polyangiitis (EGPA). Although AAV can affect almost
any organ, the upper and lower respiratory tract and
the kidneys are most commonly and severely affected
[8]. By causing vascular damage, the disease affects
multiple systems and organs, contributing to dysfunc-
tion and the development of comorbidities [9].
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Cao et al. [10] have shown that AAV patients experi-
ence significant polypharmacy, with over 80% taking
five or more medications and more than 40% taking
ten or more. Furthermore, older patients and those
with additional chronic diseases were more likely to
receive multidrug therapy. When multiple chronic
conditions coexist, precise therapy selection is cru-
cial. Drug interactions should be considered, and the
risk of adverse reactions must be weighed against
the need to control disease activity [11]. In this pa-
per, we present a case of a patient with AAV and
analyse the relationships between comorbidity, mul-
timorbidity, and both appropriate and inappropriate
polypharmacy.

The management of patients with multiple conditions
should focus on optimizing pharmacotherapy and
clearly defining therapeutic goals. In selected cases,
de-escalating treatment may lead to more favourable
clinical outcomes and a better quality of life compared
with introducing modern, complex therapies.

Case report

A 63-year-old patient was transferred to a special-
ist hospital due to the failure of previous treatment
at a lower-referral facility. Severe oedema and dys-
pnoea were the main reasons for admission. The man
was in moderate clinical condition, with stable circula-
tion. However, he presented with respiratory failure
on admission to the Department of Internal Medicine
and Nephrology. His vital signs were as follows: blood
pressure 142/88 mmHg, heart rate 76 bpm, oxygen
saturation 90% on room air, and 96% on passive oxy-
gen therapy via a nasal cannula at 5 L/min. On auscul-
tation, wheezing, isolated crackles, and decreased ve-
sicular sounds were noted at the bases of both lungs.
Massive oedema of the upper and lower extremities,
sacrum, and genital area was observed. A stage 2 pres-
sure ulcer was found over the sacrum.

The patient had been involved in a road traffic acci-
dent resulting in fractures of the third through eighth
ribs on the right side a few days before admission.
He had a history of multiple cardiovascular events, in-
cluding two non-ST-elevation myocardial infarctions
(NSTEMIs), both managed with angioplasty.

The patient had a history of multiple chronic condi-
tions, including chronic obstructive pulmonary dis-
ease (COPD), mild aortic stenosis, hypertension (HT),

239




LEKARZ WOJSKOWY
MILITARY PHYSICIAN

atherosclerosis, rheumatoid arthritis (RA), mixed
hyperlipidaemia, reflux oesophagitis, benign pros-
tatic hyperplasia, and mild erythematous gastropathy.
He also had a history of osteoporotic Th5and Th7 com-
pression fractures. Additionally, alcohol dependence
syndrome, nicotine dependence (40 pack-years), and
colonization with multidrug-resistant microorgan-
isms, including vancomycin-resistant Enterococcus
faecium (VRE) and metallo-@-lactamase-producing
Klebsiella pneumoniae were noted. He was diagnosed
with pANCA-associated vasculitis coexisting with ne-
phrotic syndrome in 2022. Renal biopsy revealed two
coexisting types of glomerulopathy: necrotizing glo-
merulitis with crescents in some glomeruli, associated
with ANCA, and membranous glomerulopathy (grade
I11/1V) without detectable anti-phospholipase A2 re-
ceptor (anti-PLA2R) antigen in the glomeruli.

The patient had been previously treated with 13 med-
ications: prednisone, torasemide, acetylsalicylic acid,
clopidogrel, pantoprazole, atorvastatin, bisoprolol,
lercanidipine, ramipril, tamsulosin, ipratropium bro-
mide, salmeterol, and pregabalin. He also received
iron, calcium, vitamin D, and vitamin B supplements.

Laboratory tests revealed normocytic anaemia, hypo-
albuminemia, elevated renal function parameters, and
increased inflammatory markers; pANCA antibodies
were negative on admission.

The patient was hospitalized for 4 months. After ex-
cluding acute coronary syndrome, intensive antibiotic
therapy with piperacillin/tazobactam and metronida-
zole was initiated due to worsening dyspnoea, pain,
deterioration of his general clinical condition, and ele-
vated inflammatory markers. Blood and urine cultures
were sterile.

During the subsequent days of hospital stay, the pa-
tient developed Clostridioides difficile-induced di-
arrhoea, which was treated with oral vancomycin.
Transfusion of 11 units of packed red blood cells was
performed due to progressive anaemia. Renal replace-
ment therapy with haemodialysis was initiated due to
worsening hypervolemia and nephrotic syndrome re-

Table 1. Pharmacotherapy at discharge and indications

fractory to immunosuppressive therapy (no response
to cyclosporine). Peripheral oedema decreased and
respiratory function improved. However, two weeks
later, the patient’s condition deteriorated rapidly, with
septic shock requiring catecholamine infusion. The pa-
tient was started on empirical antibiotic therapy with
meropenem and vancomycin. Blood and urine cultures
were sterile, but the central-line tip was positive for
vancomycin-sensitive  Staphylococcus haemolyticus
(MRS, MLS_K). Once pharmacotherapy was modified,
inflammatory markers decreased, but respiratory fail-
ure persisted. Chest X-ray revealed significant right-
sided pleural effusion. Purulent fluid drained from the
pleura gave a positive culture for Serratia marcescens.
Based on these findings, vancomycin was discontin-
ued, and sulfamethoxazole/trimethoprim was added.
Following a thoracic surgery consultation, continuous
pleural drainage was maintained. An attempt to dis-
continue haemodialysis due to gradual improvement
in diuresis was unsuccessful, and the patient was
therefore started on chronic haemodialysis.

As a result of treatment, the patient’s condition im-
proved, with reduced oedema and dyspnoea. Persis-
tent respiratory failure required continued supple-
mental oxygen therapy. The patient was discharged
with a referral to a hospice.

Considering the patient’s overall clinical picture and
health status, the following therapeutic regimen was
prescribed : home oxygen therapy, trimethoprim/sul-
famethoxazole, prednisone, bisoprolol, furosemide,
acetylsalicylic acid, atorvastatin, omeprazole, ipratro-
pium bromide, salmeterol, pregabalin, acetylcysteine,
and epoetin. Additionally, iron, calcium, and vitamin D
supplements were prescribed. Diagnoses and treat-
ments are summarised in Table 1.

Discussion

The presented patient faced multiple chronic condi-
tions. During hospital stay, antibiotic therapy, blood
product transfusions and pleural drainage were per-
formed , and dialysis was started. Managing therapy
in a patient with ANCA-positive vasculitis, coexisting

Pharmacotherapy at discharge | Indications

Prednisone

p-ANCA-associated vasculitis, membranous glomerulopathy, rheumatoid arthritis

Dialysis therapy

End-stage renal disease

Furosemide, bisoprolol , ASA

Hypertension, history of NSTEMI , heart failure

Atorvastatin

Generalized atherosclerosis, mixed hyperlipidemia

Acetylcysteine, ipratropium bromide,

salmeterol COPD

Home oxygen therapy Chronic respiratory failure
Trimethoprim/sulfamethoxazole Pleural empyema

Omeprazole Erythematous gastropathy, reflux esophagitis

Epoetin, iron preparations Anaemia

Ca2+, vitamin D supplementation Osteoporosis

Pregabalin

Anxiety disorders, chronic pain

COPD - chronic obstructive pulmonary disease

ANCA - anti-neutrophil cytoplasmic antibody; ASA - acetylsalicylic acid; NSTEMI - non-ST-elevation myocardial infarction;
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chronic conditions, and polypharmacy is a major clini-
cal challenge due to the elevated risk of complications
in this population [9]. Despite a prolonged hospital
stay and numerous therapeutic challenges, optimal
causal and symptomatic treatment was tailored to
the patient’s individual needs, resulting in clinical
stabilization.

Multimorbidity and polypharmacy present significant
challenges in everyday medical practice, particularly
in older patients. Adding further medications in pa-
tients who are already receiving multiple drugs may
not yield proportional therapeutic benefits, while the
risk of adverse reactions increases with the number of
treatments used. The rates of adverse effects are 4%
for five, 10% for 6-10, 28% for 11-15, and up to 54%
for more than 15 drugs [12]. It should be emphasized,
however, that not all cases of polypharmacy are inap-
propriate. Implementing optimal therapy based on the
best available scientific evidence is the appropriate
approach for complex conditions. Neither advanced
age nor the number of medications should be a bar-
rier to effective treatment [13]. Key aspects of man-
aging elderly patients with multimorbidity and poly-
pharmacy include early identification of those with
multiple conditions, assessment of their vulnerability
to additional health problems, and shared, individu-
alized therapeutic decisions focused on the patient’s
needs [14, 15]. In the described case, despite the use
of twelve medications, guideline-based therapy ac-
counting for multiple comorbidities and potential
druginteractions (Tab. 1) led to an improvement in the
patient’s overall condition.

The patient was admitted to the hospital one year
after his AAV diagnosis. Studies have shown that,
compared to the general population, patients with mi-
croscopic polyangiitis face increased risks for other
conditions, especially within the first two years after
diagnosis. These individuals develop chronic inflam-
mation, which contributes to vascular damage and,
consequently, kidney failure, a significant risk factor.
Multidrug therapy, which is associated with an in-
creased risk of adverse effects, is an additional bur-
den. For instance, glucocorticoids increase the risk
of osteoporosis and metabolic disorders, while their
concurrent use with acetylsalicylic acid promotes the
development of gastric and duodenal ulcers.

A study found that 23% of patients developed multi-
morbidity within one year of AAV diagnosis, arate that
increased to 37% after 10 years. Patients with AAV
and multimorbidity incur significantly higher health-
care costs, particularly those with three or more co-
morbidities [9].

Since AAV treatments may interact with other medi-
cations, the risk of interactions should be carefully as-
sessed before introducing further treatments. For this
purpose, clinicians may consider using available online
tools for identifying potential risks associated with
planned pharmacotherapy. When discharging a pa-
tient to hospice, it is important to prioritize maintain-
ing the best possible quality of life. Therapy should be
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symptomatic, focusing on the relief of dyspnoea, pain,
oedema, and anxiety.

Conclusions

Patients with AAV face an increased risk of inappro-
priate polypharmacy and multimorbidity due to the
underlying disease and the use of multiple medica-
tions. Key elements of care for this population include
accurate identification of comorbidities and optimiza-
tion of therapy, taking into account the patient’s indi-
vidual therapeutic goals.
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Abstract

Introduction: Pericarditis is a known cause of chest pain, particularly in young men. It may be complicated by
cardiac tamponade, which requires urgent intervention. The aetiology of acute pericarditis may pose a diagnos-
tic challenge. Possible causes include viral and bacterial infections, rheumatic diseases, aortic dissection, and
others. Uremic pericarditis is also a potential cause, primarily occurring in dialysis patients, and less common
in those with chronic kidney disease prior to initiating dialysis. Case report: A 65-year-old male patient was
admitted to the hospital due to deterioration of general condition and dyspnoea. Based on the clinical presenta-
tion, cardiac tamponade secondary to pericarditis was suspected, which was confirmed by imaging studies. Emer-
gency pericardiocentesis was performed. The differential diagnosis included uremic and viral aetiologies. Daily
haemodialysis and corticosteroid therapy were initiated, resulting in clinical improvement. Discussion: Uremic
pericarditis predominantly occurs in patients with chronic kidney disease and may develop both prior to and
during dialysis, irrespective of serum urea levels. Intensified dialysis, as in the case described, frequently leads to
clinical improvement. Pharmacological treatment for viral acute pericarditis has limited efficacy in patients with
chronic kidney disease, making corticosteroid therapy the primary therapeutic option. Conclusion: In dialysis
patients presenting with acute pericarditis, uremic aetiology, along with other potential causes, should always be
considered. Early diagnosis and prompt pericardiocentesis are crucial in cases of cardiac tamponade.

Streszczenie

Wstep: Zapalenie osierdzia jest jedng z przyczyn bélu w klatce piersiowej, szczegdlnie u mtodych mezczyzn.
Jego powiktaniem moze byé tamponada serca, wymagajaca pilnej interwencji. Etiologia ostrego zapalenia
osierdzia bywa trudna do ustalenia. Mozliwe przyczyny obejmuja infekcje wirusowe i bakteryjne, choroby reu-
matologiczne, rozwarstwienie aorty i inne. Jedng z nich jest rowniez mocznicowe zapalenie osierdzia, wyste-
pujace gtéwnie u pacjentéw dializowanych, rzadziej w przewlektej chorobie nerek przed rozpoczeciem dializ.
Opis przypadku: 65-letni pacjent zostat przyjety do szpitala z powodu pogorszenia stanu ogdlnego i dusznosci.
Na podstawie obrazu klinicznego podejrzewano tamponade serca w przebiegu zapalenia osierdzia, co potwier-
dzono w badaniach obrazowych. W trybie ostrego dyzuru przeprowadzono perikardiocenteze. Diagnostyka
réznicowa obejmowata etiologie mocznicowg i wirusowa. Wtaczono codzienne zabiegi hemodializ oraz tera-
pie glikokortykosteroidami uzyskujac poprawe stanu pacjenta. Oméwienie: Mocznicowe zapalenie osierdzia
wystepuje gtownie u pacjentéw z przewlekta chorobg nerek i moze rozwijac sie zaréwno przed dializoterapia,
jak i podczas niej, niezaleznie od stezenia mocznika. Intensyfikacja dializ, jak w opisanym przypadku, czesto
przynosi poprawe. Leki stosowane w ostrym zapaleniu osierdzia o etiologii wirusowej majg ograniczone zasto-
sowanie u pacjentéw z przewlekta chorobg nerek, co sprawia, ze steroidoterapia czesto pozostaje jedyna opcja
terapeutyczna. Whnioski: U dializowanych pacjentow z ostrym zapaleniem osierdzia nalezy zawsze uwzgledniac
zaréwno etiologie mocznicowa, jak i inne potencjalne przyczyny. W przypadku pojawienia sie tamponady serca
kluczowe jest wczesne rozpoznanie i przeprowadzenie perikardiocentezy.

Keywords: pericarditis; cardiac tamponade; uremic pericarditis

Stowa kluczowe: zapalenie osierdzia; tamponada serca; mocznicowe zapalenie osierdzia
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Introduction

Pericarditis is diagnosed in about 5% of patients present-
ing to emergency departments with chest pain that is not
related to acute coronary syndrome [1], most commonly
affecting men aged 20-50 years [2]. It may give rise to
a serious complication known as cardiac tamponade, one
of the causes of sudden cardiac arrest in the 4H/4T clas-
sification, which requires immediate pericardial decom-
pression. Hypotension, muffled heart sounds, and disten-
sion of the jugular veins, collectively referred to as Beck’s
triad, are typical clinical manifestations. Rapid diagnosis of
cardiac tamponade is vital for effective treatment.

Over 95% of patients with acute pericarditis present with
pleuritic retrosternal pain of varying severity [3], which
may radiate to the neck, jaw, or arm, resembling myocar-
dial infarction. It typically worsens when lying down or
coughing and improves when sitting or leaning forward,
when compression on the pericardium is smaller [1].

The aetiology of acute pericarditis can pose a diagnos-
tic challenge. Possible causes include viral and bacterial
infections, rheumatic diseases (such as sarcoidosis or lu-
pus), neoplastic processes, trauma, aortic dissection, and
iatrogenic factors [2]. Uremic pericarditis, which was
previously considered a complication of advanced un-
treated chronic kidney disease (CKD), has also been dis-
tinguished. Currently, it is observed mainly in dialysis pa-
tients. In 2017, Bentata et al. found uremic pericarditis in
only 1.7% of cases, with its incidence markedly reduced
by the use of highly efficient dialysis membranes [4, 5].
The introduction of medium cut-off (MCO) membranes
has allowed for eliminating medium- and high-molecular-
weight uremic toxins without the need for large convec-
tion volumes or significant albumin loss [6].

The pathophysiology of uremic pericarditis is complex
and involves the accumulation of toxic metabolites (such
as methylguanidine and guanidinoacetate), nitrogen-
containing metabolic products, as well as electrolyte and
acid-base imbalance [7]. Hyperparathyroidism, hyper-
uricemia, and hypocalcaemia may also contribute to the
development of this disorder [8]. In patients with CKD,
elevated urinary albumin excretion and volume overload
increase endothelial permeability and promote fluid ac-
cumulation in the pericardial sac, which also contributes
to pericarditis [9].

Casereport

A 65-year-old patient presented to the Department of
Internal Medicine, Nephrology, and Dialysis with gen-
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eral deterioration, weakness, and exertional dyspnoea.
He had developed an upper respiratory tract infection
followed by reduced exercise tolerance one week before
admission.

On admission, the patient was in serious condition
with significant respiratory distress, blood pressure
of 95/80 mmHg, oxygen saturation of 95%, and faint
heart sounds on auscultation. The patient had a history
of abdominal aortic aneurysm repair, followed by renal
artery occlusion complicated by acute kidney injury two
months later. Creatinine was approximately 10 mg/dL,
with preserved diuresis and no oedema or other signs of
fluid overload. This was likely related to anatomical vari-
ation in the patient’s renal vasculature, which included
accessory arteries. An unsuccessful revascularization at-
tempt was made, after which the patient was started on
chronic haemodialysis. The man additionally presented
with poorly controlled hypertension, renal cysts, lower
limb atherosclerosis, and a history of hepatitis B.

Chest X-ray on admission showed a markedly enlarged
cardiac silhouette compared with the image taken two
months earlier (Fig. 1). Based on Beck’s triad (hypoten-
sion and muffled heart sounds) and imaging findings,
a suspicion of cardiac tamponade was raised. Electrocar-
diography (ECG) showed low QRS voltage, which is typi-
cal of this condition.

Point-of-care echocardiography (ECHO) found a large
pericardial effusion, prompting emergency pericardio-
centesis, during which 840 mL of bloody fluid was evacu-
ated. The drain was removed three days later, having
yielded an additional 50 mL. Only trace fluid was detect-
ed on follow-up ECHO.

Laboratory workup showed elevated inflammatory
markers, while blood and pericardial fluid cultures were
negative. Troponin levels were measured to rule out
acute coronary syndrome and were stable. Computed
tomography angiography (CTA) performed to rule out
aortic dissection detected fluid in both pleural cavities,
the rectovesical recess, the perihepatic space, and the
perisplenic region. Because of signs of hypervolemia, the
patient was put on daily haemodialysis, and glucocorti-
coids were added to the treatment regimen. His clinical
condition improved, and dyspnoea resolved.

Discussion
The differential diagnosis in the discussed case primarily

included uremic and infectious pericarditis, as aortic dis-
section was ruled out by CT angiography. A recent mild
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Fig. 1. Chest X-ray: A. Before admission (March 2024); B. On admission, suspected tamponade (May 2024); C. Post-treatment
follow-up X-ray (June 2024)

respiratory infection may suggest viral aetiology, with
coxsackieviruses and adenoviruses being the most com-
mon causes, though SARS or HIV can also be responsible
[10]. However, no polymerase chain reaction (PCR) test-
ing was performed to unequivocally confirm viral aetiol-
ogy. Elevated C-reactive protein (CRP) and leukocytosis
indicated an ongoing infection, although the patient did
not present any symptoms of infection on admission and
maintained an oxygen saturation of 95%. The rapid onset
of symptoms after an infection may have indicated viral
aetiology of pericarditis and tamponade.

A history of renal failure and chronic dialysis therapy may
suggest uremic aetiology. Uremic pericarditis can occur
both pre- and post-dialysis. It is known as dialysis-associ-
ated pericarditis, which occurs primarily in haemodialysis
patients, less frequently in those on peritoneal dialysis.
The possible causes include inadequate dialysis therapy,
individual patient predispositions, and poor adherence to
medical recommendations [11]. From a clinical perspec-
tive, uremic pericarditis differs from acute pericarditis.
It typically has a slow onset, and aside from a pericardial
rub, other symptoms may be absent. Leukocytosis and
fever are uncommon, and there are often no significant
ECG abnormalities [12]. Rutsky and Rostand reported
pericarditis in 13% of patients on chronic dialysis during
a 13.7-year follow-up period. Cardiac tamponade and
impending tamponade developed in 20% and 22% of pa-
tients with pericarditis [11].

Pericarditis in advanced CKD is managed by either ini-
tiating or intensifying dialysis [4]. Patients with uremic
pericarditis typically respond rapidly to renal replace-
ment therapy [13]. The regimen for intensified dialysis
is 4 hours of dialysis daily for 7-14 days. Patients should
be closely monitored, with ECHO performed every
3 days to assess pericardial effusion [13, 14]. Systemic
anticoagulation should be avoided due to the increased
risk of bleeding and potential pre- or post-tamponade
complications [15].

For viral pericarditis, patients should receive colchicine
for 3 months along with nonsteroidal anti-inflammatory
drugs (NSAIDs) to relieve symptoms and reduce the risk

of recurrence. In recurrent cases, colchicine should be
continued for at least 6 months. Corticosteroids are of-
ten used if pericarditis does not improve with NSAIDs
and colchicine. Interleukin-1 (IL-1) blockers have dem-
onstrated efficacy in some patients with repeated long-
lasting (several years) recurrences, and may be preferred
over corticosteroids [16]. The use of NSAIDs, colchi-
cine, and IL-1 blockers is limited in patients with renal
failure [17]. GCs are preferred in G5 CKD, as in the de-
scribed case.

Given the ambiguous aetiology of the pericarditis, treat-
ment targeting both uremic and infectious causes was
initiated, leading to rapid clinical improvement. Uremic
pericarditis shows a greater improvement with intensi-
fied dialysis in patients on renal replacement therapy
for less than two months. Consequently, patients on
long-term renal replacement therapy require intensified
treatment [17].

Uremic pericarditis can also occur in well-dialyzed pa-
tients with mildly elevated serum urea due to other toxic
metabolites and high levels of free radicals [8]. Even mild
uraemia has been observed to create a pro-oxidant state
[18]. Pupima et al. [19] showed that dialysis reduces
toxic metabolite levels, but is ineffective in correcting
oxidative stress or lowering inflammatory biomarkers.
This may account for the development and progression
of pericarditis in patients on long-term renal replacement
therapy despite normal blood urea. Although uremic ae-
tiology is usually suspected in dialysis patients with peri-
carditis, other causes should always be considered. Re-
gardless of aetiology, rapid diagnosis and treatment are
crucial in emergency cases, such as cardiac tamponade
secondary to pericarditis.

Conclusions

Determining the aetiology of tamponade poses a diag-
nostic challenge in dialysis patients, as uremic pericar-
ditis, seen only in renal failure, often comes to the fore.
However, other causes should also be considered in the
diagnosis and treatment planning. Early identification of
tamponade and prompt pericardiocentesis are vital.
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Abstract

Squamous cell carcinoma (SCC) arising in a burn scar, known as a Marjolin ulcer, is a rare aggressive skin cancer.
We describe a case of a 63-year-old patient with squamous cell carcinoma arising from a 24-year-old thermal
burn scar on the dorsal aspect of the left metacarpus. The lesion exhibited gradual ulceration. Local treatment
was ineffective. Following histopathological verification and additional diagnostic workup, surgical intervention
was undertaken. This consisted of complete resection of the lesion, with simultaneous coverage of the defect
using an autologous intermediate-thickness skin graft harvested from the patient’s thigh. The described case
emphasises the importance of early diagnosis, regular follow-up of burn scars, and prompt intervention, all of
which contribute to improving patient prognosis.

Streszczenie

Rak ptaskonabtonkowy rozwijajacy sie w bliznie pooparzeniowej, znany jako owrzodzenie Marjolina, jest rzad-
kim, ale agresywnym nowotworem skoéry. W artykule opisano przypadek 63-letniego pacjenta, u ktérego rak
ptaskonabtonkowy rozwinat sie na grzbietowej powierzchni srédrecza reki lewej w miejscu blizny po oparzeniu
termicznym sprzed 24 lat. Zmiana stopniowo ulegata owrzodzeniu. Nie poddawata sie leczeniu miejscowemu.
Po jej histopatologicznej weryfikacji oraz dodatkowych badan diagnostycznych przeprowadzono leczenie chi-
rurgiczne polegajace na catkowitej resekcji zmiany z jednoczasowym pokryciem ubytku przeszczepem skéry
autologicznej posredniej grubosci pobranej z uda pacjenta. Opis przypadku podkresla znaczenie wczesnej dia-
gnostyki, regularnej kontroli blizn pooparzeniowych oraz szybkiej reakcji na niepokojgce objawy, co przyczynia
sie do poprawy rokowania pacjentéw.

Keywords: surgical treatment; squamous cell cancer; burn scar; oncological diagnosis; Marjolin ulcer

Stowa kluczowe: leczenie chirurgiczne; rak ptaskonabtonkowy; blizna pooparzeniowa; diagnostyka onkologiczna;
owrzodzenie Marjolina
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Introduction

The skin is the largest organ of the human body, serving
as a barrier against external factors and contributing to
temperature regulation, water and electrolyte balance,
as well as immune responses [1]. It maintains overall ho-
meostasis, protecting the body from harmful external
influences [2]. Burned skin loses its integrity and ceases
to function as a mechanical and biological barrier against
external factors [3].

According to available literature, 1-2% of burn scars can
transform into malignancies [4].

The term ‘Marjolin ulcer’ refers to a malignant tumour
arising in areas of chronic inflammation, such as non-
healing wounds, burn scars, or other scarred tissues [5].
Patients typically experience tissue damage with scarring
or chronic ulceration several decades before diagnosis.
Marjolin ulcer is generally considered a highly aggressive
tumour with a high mortality rate [6]. A sudden change
in the characteristics of a chronic ulcer or a scar should
prompt diagnostic testing [7]. Up to 2% of chronic burn
scar lesions can transform into malignancies. Most of
these are squamous cell carcinomas (SCCs) and, though
less frequently, basal cell carcinomas (BCCs) [8]. The in-
cidence of malignant melanoma (MM) arising in such le-
sions is exceptionally low [9].

Early diagnosis and surgical treatment improve patient
prognosis [10].

This paper presents a case of SCC involving the left upper
limb following a thermal burn.

Casereport

A 63-year-old patient was electively admitted to the
Clinical Department of Plastic, Reconstructive, and Burn
Surgery at the Military Institute of Medicine in Warsaw
for surgical treatment of a skin cancer on the dorsal sur-
face of the left metacarpus.

The patient presented to the Outpatient Clinic of the
Military Institute of Medicine in Warsaw in November
2024. He reported a history of a second-degree thermal
burn of the left hand and the head sustained from flame
contact approximately 24 years earlier. The burn healed,
leaving scars. Since then, the patient had experienced
periodic skin tears and micro-injuries within the scar. In
June 2024, a chronic ulcer developed within the dorsal
metacarpal scar of the left hand and gradually enlarged.
Local treatment was ineffective. The lesion failed to
heal and progressed into a chronic wound. In September
2024, a sample was taken from the dorsal metacarpal
surface of the left hand for histopathological examina-
tion. SCC was confirmed and the patient was referred for
further diagnosis in December 2024. Laboratory workup
showed no significant abnormalities. Ultrasound of the
peripheral lymph nodes revealed no enlargement in the
cervical, supraclavicular, infraclavicular, axillary, or ingui-
nal regions. CT of the chest, abdomen, and pelvis (both
with and without contrast) found no neoplastic processes
or metastases. Contrast-enhanced magnetic resonance
imaging (MRI) of the upper limb was performed to assess
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disease extent and rule out metastases, and found a het-
erogeneous lesion on the dorsal skin and subcutaneous
tissue of the left hand, measuring 13 mm (AP) x 46 mm
(transverse) x 79 mm (craniocaudal), showing irregular
contrast enhancement, infiltrating the subcutaneous tis-
sue, and causing oedema of the surrounding soft tissue.
At the level of the third metacarpal head, it involved fatty
tissue and adhered to vessels without extending to the
finger extensor tendons.

The patient was admitted to the Clinical Department of
Plastic, Reconstructive, and Burn Surgery at the Military
Institute of Medicine in Warsaw in January 2025.

Physical examination revealed an ulcerated tumour mea-
suring approximately 10 x 5 cm and appearing cauliflow-
er-like in the centre, located on the dorsal surface of the
left metacarpus (Fig. 1).

The patient had a history of arterial hypertension and
classical cholecystectomy. He reported no allergies or
drug sensitivities and was regularly taking valsartan
with hydrochlorothiazide and amlodipine. He worked
as a confectioner. The patient was qualified for surgical
treatment. Under general anaesthesia, total resection of
the tumour with adequate margins was performed in the
operating room (Fig. 2). The specimen was sent for histo-
pathology, with the lesion’s poles were carefully marked
to assess resectability (Fig. 3).

The tissue defect was immediately covered with a split-
thickness skin graft (STSG) harvested from the patient’s

Figure 1. Skin lesion on the patient’s left hand
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Figure 2. Resected malignancy within the scar on the left hand-  Figure 3. An image taken after resection of the lesion com-
intraoperative image bined with a split-thickness skin graft (STSG) - postoperative
outcome

Figure 4. At 1 week postoperatively Figure 5. At approximately 3 weeks postoperatively
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left thigh. The perioperative and early postoperative
periods were uneventful, with regular dressing changes
and satisfactory wound healing observed during hospi-
tal stay. On the second postoperative day, a wound swab
was taken to identify potential microorganisms and guide
targeted antibiotic therapy if needed. The patient was
discharged home on postoperative day 2 in good general
and local condition, with further recommendations.

The first outpatient follow-up, one week after surgical in-
tervention (Fig. 4), showed normal wound healing with no
signs of infection or purulent drainage. A subsequent fol-
low-up on February 20, 2025, approximately three weeks
postoperatively,showed continued normalhealing(Fig.5).
Histopathology, performed about three weeks postop-
eratively, confirmed invasive, well-differentiated (G1)
SCC of the skin, with a maximum diameter of 83 mm and
invasion depth of 12 mm. Lymphatic invasion was pres-
ent, but no neuroinvasion was observed. Surgical margins
were free of tumour.

The patient will remain under outpatient oncological fol-
low-up for the next two years.

Discussion

Marjolin ulcer is a malignant tumour arising in previ-
ously damaged skin, often in scars or chronic non-healing
wounds. Although its pathophysiology has been a subject
of debate for many years, it is considered that areas of
scar tissue lacking immune cells contribute to its devel-
opment [11]. These lesions are aggressive, have a poor
prognosis, and tend to recur [5]. Squamous cell carcino-
ma, typically arising in long-standing, chronic scars is the
most common histological type [12].

While Marjolin ulcer appears to be more common in
some ethnic groups, it is very rare in European popula-
tions [13]. It is most often diagnosed in patients in their
fifth decade, with men being three times more likely to
become affected than women. Lower extremities are
most commonly involved (over 50%), followed by the up-
per limbs, the trunk, and the head [14].

Cancer vigilanceiscrucial in patients with burnscars, with
special attention given to chronic non-healing wounds.
Early diagnosis and treatment allow for complete remov-
al of the lesion [13]. Metastases are the most important
prognostic factor, with regional and distant metastases
observed in 20-66% and 14% of cases, respectively [15].

Radical excision of the lesion and surrounding lymph
nodes is the primary treatment. If adequate margins of
healthy tissue cannot be achieved, amputation of the
affected neurovascular structures is recommended.
Neoadjuvant and adjuvant therapies are advised for pa-
tients with distant metastases or poor prognostic fac-
tors. Local radiation therapy may be considered as an
alternative for patients who decline surgery or in cases
where tumour location precludes radical excision. How-
ever, it should be remembered that radiation may impair
wound healing [15].

Particular attention should be paid to the early manage-
ment of burn patients, and especially interventions to
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protect the affected area immediately after the burn.
Such interventions are crucial for long-term clinical out-
comes and may help prevent proliferative changes within
the damaged tissues. Although malignant tumours typi-
cally develop 25-40 years after a burn, they may occur
as early as three months. The risk of recurrence after
radical surgeryis 14.7%[16]. There is a proven causal link
between burns and the subsequent risk of SCC. Given
the poor prognosis of advanced scar cancers, early skin
grafting is the preferred strategy to prevent recurrent
scar ulceration. The incidence of cancer in burn scars has
declined in recent years, possibly due to the wider use of
this approach [12].

However, the diagnosis of a pathological lesion within
a burn scar should not reduce the physician’s vigilance.
Different types of pathological cells have been found
within a single scar in the same patient. There is a known
case of a patient in whom SCC in situ, melanoma in situ,
and a multinucleated giant cell reaction were identified
in an extensive burn scar [12]. Identification of a pathol-
ogy in one scar area should not lead to underestimating
the remaining areas. Cancers arising within different scar
regions can occur multifocally; therefore, monitoring and
early treatment of the entire burn-healed area are vital.

Also, a case has been reported of a patient with multiple
melanomas within a scar on the right side of the body and
the upper limb. The tumours were excised, and the result-
ing defect was covered with STSG. No metastases were
detected during diagnostic workup, highlighting the im-
portance of early diagnosis [17].

Marjolin ulcers are also encountered in our population,
often developing in burn scars that have healed sponta-
neously. Vigilant surveillance is essential for managing
chronic non-healing ulcers, and all suspicious lesions
should be biopsied [18]. Early diagnosis, aggressive
treatment, and close follow-up are crucial for patient
outcomes [12].

Conclusions

Squamous cell carcinoma arising in burn scars, known
as Marjolin ulcer, is a rare yet highly aggressive skin ma-
lignancy. The described case of our 63-year-old patient
demonstrates that chronic scar tissue can undergo ma-
lignant transformation even many years after the injury.
Careful monitoring, appropriate scar management, and
prompt evaluation of symptoms, such as bleeding, chang-
es in appearance, itching, or increased susceptibility to
trauma, are essential for prevention. Early histopatho-
logical diagnosis of chronic, non-healing wounds within
burn scars is crucial for guiding treatment and improving
patient prognosis, highlighting the importance of close
patient-physician collaboration to promptly detect any
abnormalities. Surgical excision with adequate margins
combined with a split-thickness autologous skin graft
proves an effective treatment approach. Regular onco-
logical monitoring and close postoperative follow-up are
vital for preventing recurrence and improving outcomes.
The described case underscores the importance of
prompt cancer diagnosis and appropriate management
of burn scar lesions.
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