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'8F-FDG PET/CT - zndmky akumulace FDG v mediastindlnim utvaru

i uzlinach a drobné fokusy akumulace v pleuralni dutiné a kostech.
(Svétlikova R, Opatrny J, Baxa J, Rokyta R. Diseminovany epiteloidni
hemangioendoteliom jako vzacna pricina nddorového postiZeni srdce.
Kazuistika, str. 509-512.)
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Casopis Ceské kardiologické spole¢nosti a Ceské spole¢nosti kardiovasku-
larni chirurgie Cor et Vasa vychazi Sestkrat roné a pokryva vsechny aspek-
ty kardiologie, angiologie, kardiovaskuldrni chirurgie, kardiovaskularniho
zobrazovani, pediatrické kardiologie, hypertenze, kardiovaskuldrni pre-
vence a nékteré z aspektl intervencni radiologie.

Obsahuje Uvodniky, plivodni sdéleni, pfehledové clanky i kratka sdéleni z kli-
nické a experimentdlni kardiologie. Poc¢inaje rokem 2012 jsou v Cor et Vasa pu-
blikovany také souhrny (5 000 slov) z doporucenych postupt Evropské kardio-
logické spolecnosti, pripravené prednimi ¢eskymi odborniky. Od roku 2025
Casopis Cor et Vasa nepfijima kazuistiky. Pokud byste méli zajem, muazete
své kazuistiky zaslat do sesterského casopisu Cor et Vasa Case Reports, ktery
najdete na adrese https:/iwww.kardio-cz.cz/coretvasa-case-reports/.

Pfiloha Cor et Vasa Kardio pfinasi recenze knih, abstrakta z vybranych
kongres(, zpravy z kongres(i a konferenci, voleb a diskusi, polemiky, ko-
mentéfe, informace z Ceské kardiologické spole¢nosti, Ceské spole¢nosti
kardiovaskularni chirurgie a Evropské kardiologické spolecnosti i aktudlni
mezindrodni zprdvy a témata.

Prispévky jsou publikovany v ¢esting, slovenstiné anebo v anglictiné.

Casopis vychazi ve dvou verzich se stejnym obsahem: online a tisténé verzi.
Cor et Vasa je dostupnd v pIném rozsahu také na webu CKS.

Cor et Vasa je citovana v databéazich EMBASE, Scopus, Bibliographia medica
Cechoslovaca, ESC Search Engine, Emerging Sources Citation Index spole¢-
nosti Thomson and Reuters, Web of Science a Journal Citation Reports —
impakt faktor 0,9 za r. 2024.

Prispévky do casopisti zpracované podle pokynd autoriim zasilejte pro-
sim prostfednictvim systému ACTAVIA - vstup do néj je na adrese:
http://actavia.e-coretvasa.cz/. Prispévky do Kardia mGzete zasilat také na
adresu vedouciho redaktora nebo odpovédné redaktorky.

Tento casopis je publikovan v rezimu tzv. otevieného pristupu k védeckym
informacim (open access) a je distribuovan pod licenci Creative Commons
Attribution 4.0 International License (CC BY-NC 4.0), jez umoznuje
nekomer¢ni distribuci, reprodukci a zmény, pokud je pdvodni dilo fadné
ocitovano. Neni povolena distribuce, reprodukce nebo zména, ktera neni
v souladu s podminkami této licence.

Vydavatel neodpovida za udaje a ndzory uvedené autory v jednotlivych
prispévcich ani za faktickou a jazykovou stranku inzerci.
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Cor et Vasa, the journal of the Czech Society of Cardiology and Czech So-
ciety for Cardiovascular Surgery, publishes 6 times a year and covers all
aspects cardiology, angiology, cardiovascular surgery, cardiovascular im-
aging, pediatric cardiology, hypertension, cardiovascular prevention and
some aspects of interventional radiology.

It features editorial, original articles, review articles, as well as short communi-
cations from clinical and experimental cardiology. Beginning 2012, Cor et Vasa
has also been publishing summaries (5 000 words) of the European Society of
Cardiology guidelines, developed by leading Czech experts in the field. Begin-
ning 2025, Cor et Vasa does not accept case reports. Should you be interested
in publishing a case report, please submit your contribution to Cor et Vasa
Case Reports, a sister journal of Cor et Vasa, to be accessed at https:/Avww.
kardio-cz.cz/coretvasa-case-reports.

Its supplement, Cor et Vasa Kardio offers book reviews, abstracts from
elected congresses and conferences, elections and discussions, polemics,
commentaries, information from the Czech Society of Cardiology, Czech
Society of Cardiovascular Surgery and European Society of Cardiology as
well as topical international news items.

Contributions appear in the Czech, Slovak or English language.

The journal publishes in two version with identical contents: online and
printed versions. Fulltext Cor et Vasa is also available at the Czech Society
of Cardiology website.

Cor et Vasa is indexed in the EMBASE, Scopus, Bibliographia medica
Cechoslovaca, ESC Search Engine databases, Emerging Sources Citation In-
dex, the indexing database of Thomson and Reuters, Web of Science, and
Journal Citation Reports — impact factor 0.9 for year 2024.

Please submit your contributions formatted as per Instructions to
Authors through the ACTAVIA editorial system to be entered at
http://actavia.e-coretvasa.cz/. Contributions to Kardio can also be submit-
ted to Editor-in-Chief or Managing Editor.

This is an open access journal distributed under the terms of the Creative
Commons Attribution 4.0 International License (CC BY-NC 4.0), which per-
mits non-comercial use, distribution, and reproduction in any medium,
provided the original publication is properly cited. No use, distribution or
reproduction is permitted which does not comply with these terms.

The Publisher cannot be hold responsible for data or opinions presented
by authors in their individual contributions or the factual and linguistic
aspects of advertising material.

Address for correspondence with the Editor-in-Chief of Cor et Vasa
Prof. MUDr. Michael Aschermann, DrSc., FESC, FACC (Editor-in-Chief)
2nd Department of Internal Medicine - Cardiology and Angiology
School of Medicine I, Charles University and General University Hospital
U Nemocnice 2, 128 08 Prague 2, Czech Republic

E-mail: Aschermann@seznam.cz, Aschermann@e-coretvasa.cz

Published 6 times a year (+ 2 supplements)
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PRVNI SCHVALENY
SILENCER* PRO ATTR-CM,
KTERY ZAJISTUJE

RYCHLE SNIZENT*

ZVOLTE PRIPRAVEK

AMVUTTRAW JAKO

1. VOLBU PRO RYCHLE

SNIZENi HLADIN TTR A ZLEPSEN
KARDIOVASKULARNICH VYSLEDK{™

V randomizované studii u pacienti s ATTR-CM prokazala

AMVUTTRA v porovnani s placebem vyznamny pfFinos zahrnujici:'"3

N rychlé snizeni hladiny TTR zlepsSeni neuropatického
S | iz po 3 tydnech™ <{ postizeni dle mNIS+7'3

zlepseni kvality Zivota Q zleps$eni rychlosti chlize
dle Norfolk QoL-DN'™3 = (méfeno 6minutovym testem)'s

ATTR-CM-transthyretinova amyloidni kardiomyopatie; mNIS+7-modifikované Neuropathy Impairment Score +7; Norfolk QoL-DN-Norfolk Quality of Life-Diabetic
Neuropathy; TTR-transthyretin

Indikace

Pfipravek Amvuttra je indikovan k 1é&bé& hereditarni transthyretinové amyloiddzy u dospélych pacientt
s polyneuropatii v 1. i 2. stadiu (hATTR-PN).

Pripravek Amvuttra je indikovan k Ié¢bé ziskané (wild-type, wtATTR) nebo hereditarni
transthyretinové amyloidézy u dospélych pacientd s kardiomyopatii (ATTR-CM).

*Prostfednictvim pfirozeného procesu zvaného RNA interference (RNAI) zpUsobuje vutrisiran v jatrech katalytickou degradaci TTR mRNA, coz vede ke snizeni
sérové hladiny variantniho a ziskaného typu amyloidogenniho proteinu TTR, ¢imz se snizuje ukladani amyloidu TTR ve tkanich.

VTento lécivy pripravek podléha dalsimu sledovani. To umozni rychlé ziskani novych informaci o bezpe&nosti. Zadame zdravotnické pracovniky, aby hlasili jakékoli
podezfeni na nezddouci U¢inky na www.sukl.cz/nahlasit-nezadouci-ucinek.

Zkracena informace o pripravku a reference jsou soucdsti tohoto materidlu a naleznete je na nasledujici strané.

MEDISZN W Alnylam
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Dulezité bezpeénostni informace
Snizené hladiny vitaminu A v séru a doporuceni k suplementaci

1. Podavani pripravku AMVUTTRA vede k poklesu sérovych hladin vitaminu A na zakladé snizeni sérového
proteinu transthyretinu (TTR)'

2. U pacientl lé¢enych pfipravkem AMVUTTRA je doporucena suplementace vitaminu A v davce priblizné
2 500 IU az 3 000 IU (ale ne vyssi) vitaminu A denné'

3. Pacienti by méli byt odeslani k oftalmologovi, pokud se u nich rozvinou o¢ni symptomy naznacujici
nedostatek vitaminu A (napf. zhorSené nocni vidéni nebo noéni slepota, pretrvavajici suché oci, zanét oka,
zanét nebo ulcerace rohovky, ztlusténi rohovky nebo perforace rohovky,)!.

Reference: 1. SPC Amvuttra EMA: https:/www.ema.europa.eu/cs/documents/product-information/amvuttra-
-epar-product-information_cs.pdf 2. Fontana M, et al. N Engl J Med 2025;392:33-44. 3. Maurer MS, et al. Pre-
sented at the HFSA Annual Scientific Meeting, 27-30 Sept 2024.

Zkracend informace o lé¢ivém pFipravku AmvuttraVv

Nazev pfipravku: Amvuttra 25 mg injekéni roztok v predplnéné injekéni stiikacce U&inna latka: vutrisiran sodny
SloZeni: Jedna predplnéna injekéni stiikacka obsahuje vutrisiran sodny v mnozstvi odpovidajicim 25 mg vutri-
siranu v 0,5 ml roztoku. Lékova forma: Injekéni roztok (injekce) Terapeuticka indikace:* Ziskand (wild-type,
WtATTR) nebo hereditadrni transthyretinovd amyloiddza u dospélych pacientl s kardiomyopatii (ATTR-CM),
hereditarni transthyretinovd amyloiddéza u dospélych pacientd s polyneuropatii v 1. &i 2. stadiu (hATTR-PN).
Davkovani a zplUsob podani:* Lécba ma byt zahdjena pod dohledem lékafe se znalostmi 1é¢by amyloiddzy.
Lécba ma byt zahajena co nejdrive po vzniku onemocnéni, aby se predeslo narlstu (kumulaci) postizeni. Do-
poruc¢end davka pripravku Amvuttra je 25 mg, poddvana subkutdnni injekci jednou za 3 mésice. U pacientl
[é¢enych pripravkem Amvuttra je doporucena suplementace vitaminu A v davce priblizné 2500 IU az 3000 U
(ale ne vys$si) denné. U pacientl ve véku = 65 let, u pacientl s lehkou nebo stfedné téZzkou poruchou funkce
ledvin, Ci lehkou nebo stredné tézkou poruchou funkce jater neni nutna Uprava davky. Pripravek nebyl studo-
van u pacientd s tézkou poruchou funkce ledvin nebo s kone¢nym stadiem onemocnéni ledvin, nebo tézkou
poruchou funkce jater. U téchto pacientl se ma pouzivat pouze tehdy, pokud ocekavany klinicky pfinos pre-
vazi nad potenciondlnimi riziky. Pripravek Amvuttra m(ze aplikovat zdravotnicky pracovnik, pacient nebo pe-
¢ovatel. Pacienti nebo pecovatelé mohou injekéné aplikovat pripravek Amvuttra po proskoleni zdravotnickym
pracovnikem ve spravné technice aplikace subkutanni injekce. Kontraindikace: Zavazna hypersenzitivita (napr.
anafylaxe) na lécivou latku nebo na kteroukoli pomocnou latku. Upozornéni pro pouziti: Deficit vitaminu A:
Pacienti dostavajici pripravek Amvuttra maji dostavat peroralni suplementaci priblizné 2500 IU az 3000 U
(ale ne vyssi) vitaminu A denné, aby se snizilo mozné riziko o¢nich priznakd zplsobenych deficitem vitami-
nu A. Lékové a jiné interakce: Neocekava se, Zze by vutrisiran zplsoboval interakce nebo Ze by byl ovliviio-
van inhibitory ¢&i induktory enzymd cytochromu P450, nebo Ze by moduloval aktivitu transportérd. Proto se
neocekava, ze by mél vutrisiran klinicky vyznamné interakce s jinymi léCivymi pripravky. Fertilita, téhotenstvi
a kojeni: Lécba pripravkem Amvuttra snizuje sérové hladiny vitaminu A. Jak pfrilis vysoké, tak pfilis nizké hla-
diny vitaminu A mohou byt spojeny se zvySenym rizikem malformace plodu. Je tedy nutné pred zahdjenim
[écby vyloucit téhotenstvi a Zeny ve fertilnim véku musi pouzivat Uc¢innou antikoncepci. Vzhledem k moznému
teratogennimu riziku, vyplyvajicimu z nevyrovnanych hladin vitaminu A, se pfipravek Amvuttra nema pouzivat
béhem téhotenstvi. Neni zndmo, zda se vutrisiran vylucuje do lidského materského mléka. Na zadkladé posou-
zeni prospésnosti kojeni pro dité a prospésnosti IéCby pro matku je nutno rozhodnout, zda prerusit kOJem
nebo ukondit/prerusit podavani prlpravku Amvuttra. Nezddouci G¢inky:* Casté nezadouu ucinky (= 1/100 az
< 1/10): reakce v misté vpichu, zvysend hladina alaninaminotransferdzy a zvysend hladina alkalické fosfatazy
v krvi. Inkompatibility: Studie kompatibility nejsou k dispozici, a proto nesmi byt tento |1&Civy pFipravek misen
s jinymi lé¢ivymi pripravky. Uchovavani: Neuchovavejte pri teploté nad 30 °C. Chrante pred mrazem. Obsah
baleni: Baleni obsahuje jednu predplnénou injekéni stiikacku uré¢enou k jednorazovému pouziti. Drzitel roz-
hodnuti o registraci: Alnylam Netherlands B.V., Antonio Vivaldistraat 150, 1083 HP Amsterdam, Nizozemsko.
Registraéni &islo: EU/1/22/1681/001 Datum prvni registrace: 15. zafi 2022 Datum revize textu: 06/2025.

Vydejléc¢ivého pripravku je vdzan na lékarsky predpis. Pfipravek neni hrazen z prostfedk( vefejného zdravotniho
pojisténi. Podrobné informace o pripravku naleznete v platném Souhrnu Udajd o pripravku, ktery je dostupny
na https://www.ema.europa.eu/. Pfed pfedepsdnim pripravku si pre¢téte Souhrn Udajd o pripravku.

*Prosim, vSimnéte si zmén v informacich o pripravku.

VY Tento lécCivy pripravek podléha dalsimu sledovani. To umozni rychlé ziskani novych informaci o bezpecnosti.
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Uvod: Srdeéni selhani zlistadva navzdory vyznamnému pokroku ve farmakologické a pfistrojové léché jed-
nou z hlavnich pfi¢in morbidity a mortality celosvétové. Optimalizovana farmakoterapie vedena doporu-
¢enymi postupy (guideline-directed medical therapy, GDMT) a dostupnost specializované péce jsou zasadni
pro zlepSeni dlouhodobé progndzy pacientl. Vliv specializovanych ambulanci srde¢niho selhdni na preziti
pacientl v redIné klinické praxi vsak zlstava ve stfedni a vychodni Evropé nedostatecné zdokumentovan.
Metody: Tato retrospektivni observacni studie porovndvala dva vzdjemné se doplnujici soubory pacientd se
srdecnim selhanim v Ceské republice. Celostatni data byla ziskana z Narodniho registru hrazenych zdravot-
nich sluzeb (NRHZS) za obdobi 2015-2023. Tato data byla porovnéna se souborem 217 pacientl sledovanych
ve specializované ambulanci srde¢niho selhani Ustfedni vojenské nemocnice v Praze v letech 2017-2024.
Pomoci deskriptivni statistiky a analyzy preziti byly hodnoceny farmakoterapie, dosazeni cilovych davek
doporucenych guidelines, vyuziti pristrojové Iécby (ICD, CRT) a celkova mortalita.
Vysledky: Pacienti sledovani ve specializované ambulanci srde¢niho selhani byli ¢astéji |é¢eni modernimi pro-
gnosticky pfiznivymi lécivy nez pacienti v celostatnim souboru. Vyrazné castéjsi bylo uzivani inhibitord an-
giotenzinového receptoru a neprilysinu (ARNI) a inhibitor( sodiko-glukézového kotransportéru 2 (SGLT2),
stejné jako dodrzovéani doporucenych kombinaci GDMT. Béhem dlouhodobého sledovani ¢inila celkova
mortalita v souboru specializované ambulance 10,6 %, pticemz odhadovana mira preziti dosahovala 90,1 %
ve 2 letech a 78,3 % v 7 letech. Lécba inhibitory SGLT2 a vy3si pocet uZivanych tfid prognosticky pfiznivé
farmakoterapie byly spojeny s nizsi mortalitou.
Zavér: Péce ve specializované ambulanci srde¢niho selhani byla spojena s vysokou mirou vyuZiti farmako-
terapie vedené doporucenymi postupy a numericky pfiznivéjsim prezitim ve srovnani s celostatnimi daty.

© 2026, CKS.

ABSTRACT

Background: Heart failure (HF) remains a leading cause of morbidity and mortality worldwide despite ma-
jor advances in pharmacological and device therapy. Optimized guideline-directed medical therapy (GDMT)
and access to specialized care are crucial for improving long-term outcomes. The impact of specialized heart
failure clinics on survival in real-world clinical practice remains insufficiently documented in Central and
Eastern Europe.

Methods: This retrospective observational study compared two complementary datasets of HF patients
in the Czech Republic. Nationwide data were obtained from the National Reimbursement of Healthcare
Services Database (NRHZS) covering the period 2015-2023. These data were compared with a cohort of 217
patients followed at a specialized outpatient heart failure clinic at the Military University Hospital in Prague
between 2017 and 2024. Pharmacotherapy patterns, achievement of guideline-recommended target doses,
use of device therapy (ICD, CRT), and all-cause mortality were analyzed using descriptive statistics and sur-
vival analysis.

Results: Patients managed in the specialized heart failure clinic received modern disease-modifying thera-
pies more frequently than patients in nationwide care. Use of angiotensin receptor-neprilysin inhibitors and
SGLT2 inhibitors was markedly higher, as was adherence to recommended combinations of GDMT. During
long-term follow-up, all-cause mortality in the specialized-clinic cohort was 10.6%, with estimated survival
rates of 90.1% at 2 years and 78.3% at 7 years. Treatment with SGLT2 inhibitors and a higher number of
prognostic drug classes were associated with lower mortality.

Conclusions: Management in a specialized outpatient clinic was associated with high uptake of guideline-
-directed medical therapy and numerically favorable survival compared with nationwide data.
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Introduction

Heart failure (HF) represents one of the most prevalent
and challenging cardiovascular syndromes worldwide
and remains a leading cause of morbidity, mortality, and
healthcare expenditure. Despite substantial advances in
pharmacological and device-based therapies over the
past two decades, long-term prognosis of HF patients re-
mains poor, particularly in elderly and multimorbid popu-
lations. The increasing prevalence of HF is largely driven
by population ageing, improved survival after acute car-
diovascular events, and broader recognition of the syn-
drome across healthcare systems.

Contemporary guideline-directed medical therapy
(GDMT), including beta-blockers, renin-angiotensin sys-
tem inhibitors, mineralocorticoid receptor antagonists,
angiotensin receptor-neprilysin inhibitors (ARNI), and
sodium—glucose cotransporter 2 (SGLT2) inhibitors, has
been shown to significantly reduce mortality and hos-
pitalization rates in randomized clinical trials. However,
real-world implementation of these therapies remains
suboptimal. Underutilization of novel agents, insufficient
dose titration, and fragmented follow-up continue to
limit the potential benefits of modern HF treatment, par-
ticularly outside specialized care settings.

Several observational studies and registries have
demonstrated that structured management within spe-
cialized heart failure clinics is associated with improved
adherence to guideline-recommended therapies, higher
achievement of target drug doses, and better clinical out-
comes. Multidisciplinary HF clinics typically provide pro-
tocol-driven pharmacotherapy titration, closer follow-up,
patient education, and timely access to device therapy.
Nevertheless, data directly comparing outcomes of pa-
tients treated in specialized HF clinics with nationwide
real-world populations remain limited, particularly in the
Central and Eastern Europe.

In the Czech Republic, previous nationwide analyses
based on administrative healthcare databases have de-
scribed trends in HF prevalence, incidence, and survival,
revealing a persistently high disease burden and substan-
tial gaps in GDMT implementation. At the same time, the
role and impact of specialized HF outpatient clinics on
patient outcomes at the population level have not been
systematically evaluated.

Therefore, the aim of this study was to compare treat-
ment patterns and survival outcomes between heart fail-
ure patients managed within a specialized outpatient
HF clinic and patients captured in nationwide real-world
data from the Czech Republic. By integrating data from
the National Reimbursement of Healthcare Services Data-
base with a well-characterized cohort from a specialized
HF clinic, we sought to assess whether structured multi-
disciplinary care translates into measurable survival ben-
efits in routine clinical practice.

Methods

Study design
This study was designed as a retrospective observatio-
nal analysis comparing two complementary datasets of

patients with heart failure (HF) in the Czech Republic.
Nationwide administrative data were contrasted with
a well-defined cohort of patients followed in a speciali-
zed outpatient heart failure clinic. The primary objective
was to evaluate differences in treatment patterns, adhe-
rence to guideline-directed medical therapy (GDMT), and
survival outcomes between routine nationwide care and
structured specialized management.

Data sources

Nationwide data were obtained from the National Reim-
bursement of Healthcare Services Database (NRHZS), which
captures comprehensive information on healthcare utiliza-
tion reimbursed by the public health insurance system in
the Czech Republic. The database includes diagnostic co-
des, hospitalizations, outpatient visits, prescribed pharma-
cotherapy, and device-based interventions. For the purpo-
se of this study, data covering the period from January 1,
2015 to December 31, 2023 were analyzed.

The specialized cohort consisted of patients followed at
the outpatient heart failure clinic within the Department
of Internal Medicine of the Military University Hospital
Prague. This clinic provides structured, guideline-based
care with regular follow-up, protocol-driven pharmaco-
therapy titration, and access to advanced heart failure
therapies. Patients were enrolled consecutively between
January 2017 and December 2024.

Patient population and inclusion criteria

In the nationwide cohort, patients were identified based
on the presence of a diagnosis of heart failure recorded
as either a primary or secondary diagnosis using Interna-
tional Classification of Diseases, 10th Revision (ICD-10)
codes 150.0, 150.1, or 150.9. Inclusion required at least one
recorded hospitalization or outpatient encounter associ-
ated with HF during the study period.

In the specialized outpatient cohort, all consecutive
adult patients with a confirmed clinical diagnosis of
chronic heart failure managed in the specialized HF clinic
were included. Diagnosis was established by the treating
cardiologist or internist based on clinical presentation,
imaging findings, and laboratory data in accordance with
contemporary guideline recommendations.

Pharmacotherapy and device therapy assessment
Pharmacological treatment was assessed in both co-
horts with a focus on guideline-directed medical the-
rapy. The following drug classes were evaluated: be-
ta-blockers, angiotensin-converting enzyme inhibitors
(ACEi), angiotensin Il receptor blockers (ARB), angioten-
sin receptor—neprilysin inhibitors (ARNI), mineralocorti-
coid receptor antagonists (MRA), and sodium-glucose
cotransporter 2 (SGLT2) inhibitors. In the specialized
cohort, achievement of guideline-recommended target
doses was systematically documented as part of routine
clinical care.

Device therapy, including implantable cardioverter-
defibrillators (ICD) and cardiac resynchronization therapy
(CRT), was recorded in both datasets where applicable.
The presence of device therapy was identified using reim-
bursement and procedural codes in the nationwide data-
base and clinical records in the specialized cohort.
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Outcome measures

The primary outcome of interest was all-cause mortality.
In the nationwide cohort, mortality was assessed using
linked administrative records capturing death during
hospitalization or documented termination of healthcare
reimbursement. In the specialized cohort, survival status
was obtained from clinical follow-up records and hospital
information systems.

Secondary outcomes included patterns of pharmaco-
therapy use, adherence to GDMT, achievement of target
doses, and utilization of device therapy. Comparisons
between cohorts focused on differences in treatment in-
tensity and their association with observed survival out-
comes.

Statistical analysis

Descriptive statistics were used to summarize baseline
characteristics, pharmacotherapy patterns, and devi-
ce utilization in both cohorts. Continuous variables are
presented as mean = standard deviation or median with
interquartile range, as appropriate. Categorical varia-
bles are expressed as absolute numbers and percentages.
Survival within the specialized outpatient cohort was
assessed using Kaplan—-Meier estimates. Comparisons
between subgroups of patients within the cohort were
performed using the log-rank test. Formal statistical com-
parison with nationwide registry data was not feasible
due to the absence of patient-level data. Statistical ana-
lyses were performed using SPSS (version 25.0, IBM Corp.,
Armonk, NY, USA) and R statistical software. A two-sided
p-value of less than 0.05 was considered statistically sig-
nificant.

Ethical considerations

The study was conducted in accordance with Czech le-
gislation governing the use of anonymized healthcare
data and in compliance with the Declaration of Helsinki.
Given the retrospective design and full anonymization of
the data, individual informed consent was not required.

Results

Study population

The specialized outpatient cohort consisted of 217 pati-
ents followed at the heart failure clinic of the Department
of Internal Medicine, Military University Hospital Prague.
The clinic has provided continuous specialized care sin-
ce 2017, with a primary focus on patients mainly with
reduced left ventricular ejection fraction. Patients were
followed between 2017 and early 2024, and data were
obtained retrospectively from outpatient records and the
electronic hospital information system.

Patient age ranged from 18 to 71 years. The mean age
was 55.2 years, with a median of 58 years. Male patients
predominated (165 patients, 76.0%), while 52 patients
(24.0%) were female.

Baseline left ventricular ejection fraction (LVEF) ranged
from 15% to 60%, with a mean value of 31.5% and a me-
dian of 30%. The majority of patients were classified
as having heart failure with reduced ejection fraction
(HFrEF, LVEF <40%), accounting for 192 patients (88.5%).

Table 1 - Baseline characteristics of the specialized heart failure

clinic cohort

Characteristic Value
Number of patients 217

Age, years (mean/median) 55.2/58
Male sex, n (%) 165 (76.0)
Female sex, n (%) 52 (24.0)
Left ventricular ejection fraction, % 31.5/30
(mean/median)

HFrEF (LVEF <40%), n (%) 192 (88.5)
HFmrEF (LVEF 41-49%), n (%) 6(2.8)
HFpEF (LVEF >50%), n (%) 19 (8.8)

HFmrEF - heart failure with mildly reduced ejection fraction;
HFpEF - heart failure with preserved ejection fraction;

HFrEF — heart failure with reduced ejection fraction; LVEF - left
ventricular ejection fraction.

Values are presented as absolute numbers and percentages unless
otherwise stated.

Heart failure with mildly reduced ejection fraction (HFm-
rEF, LVEF 41-49%) was present in 6 patients (2.8%), and
heart failure with preserved ejection fraction (HFpEF,
LVEF > 50%) in 19 patients (8.8%) (Table 1).

Pharmacotherapy utilization

Pharmacological treatment at the time of the most recent
outpatient visit reflected a high uptake of guideline-di-
rected medical therapy. Beta-blockers were prescribed in

Table 2 - Distribution of heart failure-related pharmacotherapy

in patients followed at the specialized outpatient heart failure
clinic

Drug class Number % of
of patients total
Beta-blockers 195 89.9
Angiotensin receptor-neprilysin 175 80.6
inhibitors (ARNI)
Angiotensin-converting enzyme 29 13.4
inhibitors (ACEi)
Angiotensin Il receptor blockers (ARB) 9 4.1
Sodium-glucose cotransporter 2 171 78.8
inhibitors (SGLT2i)
Ivabradine 15 6.9
Furosemide 145 66.8
Mineralocorticoid receptor antagonists 155 71.4
(MRA)
Indapamide 6 2.8
Hydrochlorothiazide 14 6.5
Vericiguat 16 7.4
Digoxin 3 1.4

Values are presented as absolute numbers and percentages of
the total cohort.
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Fig. 1 Pharmacotherapy in the specialized heart failure clinic.

195 patients (89.9%), mineralocorticoid receptor anta-
gonists in 155 patients (71.4%), and sodium—-glucose co-
transporter 2 inhibitors (SGLT2i) in 171 patients (78.8%).
Loop diuretic therapy with furosemide was recorded in
145 patients (66.8%).

Angiotensin receptor—neprilysin inhibitors (ARNI) were
used in 175 patients (80.6%). Angiotensin-converting
enzyme inhibitors (ACEi) were prescribed in 29 patients
(13.4%), and angiotensin receptor blockers (ARB) in 9
patients (4.1%), predominantly in patients not receiv-
ing ARNI therapy. Additional heart failure-related phar-
macotherapy included ivabradine in 15 patients (6.9%),
vericiguat in 16 patients (7.4%), digoxin in 3 patients
(1.4%), hydrochlorothiazide in 14 patients (6.5%), and in-
dapamide in 6 patients (2.8%) (Table 2, Fig. 1).

Among patients with heart failure with reduced ejec-
tion fraction (HFrEF; n = 192), ARNI therapy was pre-
scribed in 175 patients (91.1%).

Compared with published nationwide Czech data, up-
take of contemporary guideline-directed medical therapy
was higher in the present cohort. In the nationwide anal-
ysis, ARNI and SGLT2 inhibitors were prescribed in 7.8%
and 16.1% of patients, respectively, whereas in the pres-
ent cohort these proportions reached 80.6% and 78.8% at
the most recent outpatient visit. Similarly, beta-blockers
were more frequently used (89.9% vs. 62.6%), while ACE
inhibitors and ARBs were less common (13.4% and 4.1%
vs. 42.1% and 16.5%, respectively).' Nationwide data did
not allow stratification according to ejection fraction.

Target dose achievement

Achievement of guideline-recommended target doses
was evaluated for key disease-modifying drug classes.
Among patients treated with ARNI, target doses were
achieved in 48 of 175 patients (27.4%). In patients rece-

40.0%

50.0% 60.0% 70.0% 80.0% 90.0% 100.0%

iving ACE inhibitors, target doses were achieved in 6 of
30 patients (20.0%). Due to the small number of patients
treated with ARB (9 patients, 4.1%), further analysis of
dose attainment in this subgroup was not performed. For
beta-blockers, achievement of guideline-recommended
target doses was observed in 20 of 195 treated patients
(10.3%).

Device therapy utilization

Non-pharmacological treatment included device-based
therapy in a substantial proportion of patients. Overall,
implantable cardioverter-defibrillators were present in
69 patients (31.7%), and cardiac resynchronization the-
rapy was utilized in 36 patients (16.5%). When restricted
to patients with heart failure with reduced ejection frac-
tion, device therapy utilization increased to 69 patients
(35.9%) for implantable cardioverter-defibrillators and 36
patients (18.8%) for cardiac resynchronization therapy.

Survival and mortality outcomes

During the observation period from 2017 to 2024, a total
of 23 deaths were recorded among 217 patients, corre-
sponding to an all-cause mortality of 10.6%. Kaplan-Me-
ier analysis demonstrated a gradual decline in cumulative
survival over time; median survival was not reached. Esti-
mated survival probability was 90.1% at 2 years, 84.7% at
4 years, and 78.3% at 7 years of follow-up.

Survival in the context of nationwide data

Survival outcomes of patients followed in the speciali-
zed heart failure outpatient clinic were interpreted in
the context of previously published nationwide data. In
a nationwide population-based study using the Czech Na-
tional Healthcare Reimbursement Database, Taborsky et
al. reported an annual all-cause mortality rate of 15.9%
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among heart failure patients in 2018, despite a gradual
improvement over time. Mortality remained strongly age-
-dependent, reaching 17.7% in patients aged >65 years.?
When contrasted with these population-level data, pa-
tients followed in the specialized heart failure outpati-
ent clinic demonstrated favorable long-term cumulative
survival within the observed follow-up period. Direct
statistical comparison between cohorts was not perfor-
med due to the use of aggregated nationwide data and
differences in age distribution and heart failure pheno-
type. It should be noted that nationwide mortality rates
represent annual population-based estimates and are not
directly comparable to cumulative Kaplan—Meier survival
estimates.

Causes of death

Among the 23 deaths, 16 (69.6%) were classified as car-
diac, 6 (26.1%) as non-cardiac, and 1 (4.3%) as unknown.
Heart failure was the leading cardiac cause (12 cases,
52.2%), followed by ischemic heart disease including
myocardial infarction (2 cases, 8.7%) and arrhythmoge-
nic causes (2 cases, 8.7%). Non-cardiac causes included
malignancy (2 cases, 8.7%), renal failure (2 cases, 8.7%),
hemorrhagic shock (1 case, 4.3%), and infection (pneu-
monia; 1 case, 4.3%).

Treatment and age differences between survivors
and non-survivors

Use of SGLT2 inhibitors differed between survivors and
non-survivors (81.4% vs. 56.5%, respectively; p <0.05).
The mean number of prognostic drug classes (ARNI or
ACEi/ARB, beta-blocker, MRA, SGLT2 inhibitor) was 3.1 +
0.8 among survivors and 2.5 + 1.0 among non-survivors
(p <0.05).

In unadjusted analysis, SGLT2 inhibitor therapy was as-
sociated with lower mortality (OR 0.41; 95% Cl 0.18-0.93;
p <0.05). No statistically significant associations with mor-
tality were observed for ARNI (OR 0.71; 95% Cl1 0.29-1.72),
MRA (OR 0.76; 95% ClI 0.32-1.83), or beta-blockers (OR
0.81; 95% Cl 0.29-2.25).

Non-survivors were older than survivors (77.4 + 6.1 vs.
69.1 + 9.7 years; p <0.001). Regarding device therapy, ICD
was present in 6 non-survivors (26.1%) and CRT in 5 non-
survivors (21.7%); differences in ICD and CRT prevalence
between survivors and non-survivors were not statistically
significant (ICD p = 0.489; CRT p = 0.618).

Discussion

Principal findings

To our knowledge, this study represents the first direct
real-world comparison between a structured specialized
heart failure outpatient clinic and nationwide administ-
rative data in the Czech Republic. It provides real-world
evidence demonstrating that management of heart fai-
lure patients within a specialized outpatient clinic is as-
sociated with a high level of adherence to guideline-di-
rected medical therapy and favorable survival outcomes.
Patients followed in the specialized heart failure clinic
were predominantly characterized by a reduced ejection
fraction phenotype, received modern disease-modifying
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Fig. 2 - Kaplan-Meier overall survival curve.

pharmacotherapy at high rates, and exhibited lower all-
-cause mortality compared with nationwide data.?

The specialized outpatient cohort was highly enriched
with patients with heart failure with reduced ejection
fraction, accounting for nearly 90% of the population.
This reflects targeted referral and selection of patients
most likely to benefit from evidence-based pharmacolog-
ical and device-based therapies, for which the strongest
prognostic benefit has been demonstrated in random-
ized trials and contemporary guidelines.? Utilization of
modern pharmacotherapy, particularly angiotensin re-
ceptor-neprilysin inhibitors and sodium—-glucose cotrans-
porter 2 inhibitors, was markedly higher than reported in
nationwide Czech data.'?

Despite high prescription rates, achievement of guide-
line-recommended target doses remained limited, par-
ticularly for beta-blockers. Even in a specialized setting,
achievement of full target doses remains challenging in
routine practice, reflecting patient tolerance and clinical
complexity rather than insufficient therapeutic intent.
This finding is consistent with previous real-world studies
showing that dose optimization represents a major un-
met need in heart failure management, even in special-
ized care settings.* Nevertheless, the observed association
between more comprehensive pharmacotherapy and im-
proved survival supports the concept of cumulative ben-
efit from combination therapy.

Lower all-cause mortality was observed when survival
outcomes were interpreted in the context of previously
published nationwide data.2 Kaplan-Meier analysis dem-
onstrated high cumulative survival over long-term fol-
low-up. Although differences in patient selection must
be considered, these findings support the concept that
specialized outpatient care may contribute to improved
outcomes in patients with chronic heart failure. Overall
survival of patients followed at the specialized heart fail-
ure clinic is shown in Figure 2. These observations should
be viewed in light of substantial differences in patient
selection and age distribution between specialized out-
patient cohorts and unselected nationwide populations.

Patient selection and phenotype

Interpretation of the present findings must take into
account the specific patient selection and phenotype of
the specialized outpatient cohort. Patients followed in
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the specialized heart failure clinic were younger than
those typically reported in nationwide registries, where
the mean age of heart failure patients commonly exceeds
70-75 years."> Age is a major determinant of prognosis
in heart failure and represents an important confounder
when comparing outcomes between specialized and un-
selected populations.

Nearly 90% of patients in the specialized cohort had
heart failure with reduced ejection fraction, whereas
population-based datasets report a substantially higher
proportion of patients with preserved or mildly reduced
ejection fraction.>® This predominance of HFrEF reflects
both the clinical focus of the specialized clinic and the
fact that patients with reduced ejection fraction derive
the greatest benefit from contemporary disease-modify-
ing therapy.’

The predominance of male patients is consistent with
registry data demonstrating higher prevalence of HFrEF
among men, while women are more frequently repre-
sented in HFpEF populations.® Taken together, these
characteristics indicate that patients followed in the spe-
cialized clinic constitute a prognostically more favorable
subgroup. However, this selection reflects the real-world
role of specialized heart failure clinics as referral centers
for patients most likely to benefit from intensive, guide-
line-directed management.

Impact of optimized pharmacotherapy

Optimized pharmacotherapy represents the cornerstone
of contemporary heart failure management and a central
component of care delivered in specialized heart failure
clinics. In the present study, uptake of angiotensin recep-
tor-neprilysin inhibitors and sodium-glucose cotranspor-
ter 2 inhibitors substantially exceeded rates reported in
nationwide Czech analyses as well as in other contem-
porary European and international real-world registries,
where implementation gaps in guideline-directed medi-
cal therapy remain evident."2”

Despite high prescription rates, achievement of guide-
line-recommended target doses remained limited across
all major drug classes. This observation is consistent with
prior real-world studies demonstrating that dose escala-
tion is frequently constrained by hypotension, renal dys-
function, bradycardia, and drug intolerance.* Important-
ly, evidence suggests that even submaximal doses confer
prognostic benefit compared with non-use, supporting
early initiation and gradual titration whenever feasible.®

A key finding of the present analysis is the association
between overall pharmacotherapy intensity and survival.
Survivors received a significantly higher number of prog-
nostically relevant drug classes compared with non-survi-
vors, supporting the concept of comprehensive guideline-
directed medical therapy.

Treatment with SGLT2 inhibitors was associated with
a statistically significant reduction in mortality, consistent
with findings from randomized trials and meta-analyses
demonstrating early and robust benefits of this drug
class across a broad spectrum of heart failure patients.®
However, this observation should not be interpreted as
evidence of superiority of SGLT2 inhibitors over other
foundational therapies. In our cohort, angiotensin recep-
tor-neprilysin inhibitors, beta-blockers, and mineralocor-

ticoid receptor antagonists were prescribed in a very high
proportion of patients, resulting in limited exposure vari-
ability and reduced statistical power to detect between-
group differences.

By contrast, SGLT2 inhibitors were introduced later
during the study period and showed greater prescription
heterogeneity, which may have facilitated detection of
their protective association in a simple univariable model.
Given the limited number of events and the absence of
multivariable adjustment, these findings should be inter-
preted as supportive of the four-pillar therapeutic strate-
gy as a whole rather than as evidence favoring any single
drug class.

Role of device therapy
Device-based therapy represents an important com-
ponent of comprehensive heart failure management,
particularly in patients with reduced ejection fraction
at increased risk of sudden cardiac death or ventricular
dyssynchrony. In the present study, the prevalence of im-
plantable cardioverter-defibrillators and cardiac resyn-
chronization therapy was comparable to that reported in
the Czech and international registries focusing on advan-
ced heart failure populations.®21°

No statistically significant association between device
therapy and mortality was observed. This finding should
be interpreted in the context of indication bias, as device
therapy is typically indicated in patients with more ad-
vanced disease and higher baseline risk. Similar observa-
tions have been reported in other observational studies,
where the survival benefit demonstrated in randomized
trials is attenuated in real-world analyses due to con-
founding by indication and limited statistical power.5 Im-
portantly, the clinical benefits of implantable cardiovert-
er-defibrillators extend beyond all-cause mortality and
primarily involve prevention of sudden cardiac death, as
demonstrated in landmark randomized trials.' 2 Cardiac
resynchronization therapy has been shown to improve
symptoms, reduce heart failure hospitalizations, and in-
duce reverse ventricular remodeling.”*"> Therefore, as-
sessment based solely on all-cause mortality may under-
estimate the overall clinical impact of device therapy in
specialized outpatient settings.?

Survival benefit of specialized heart failure clinics
The favorable survival observed in the present specialized
outpatient cohort may reflect both patient characteristics
and organizational aspects of care delivery. Although di-
fferences in age distribution and heart failure phenotype
must be acknowledged, structured management within
a dedicated heart failure clinic likely contributes to op-
timized implementation of guideline-directed medical
therapy.

Specialized clinics enable rapid initiation of novel
pharmacological agents, structured up-titration proto-
cols, close monitoring of treatment tolerance, and timely
referral for device therapy when indicated. Continuity of
care, regular follow-up, and management by experienced
clinicians may facilitate early recognition of clinical dete-
rioration and prevention of adverse outcomes.

Observational studies from Western and Northern Europe
have reported improved outcomes in patients managed
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within structured heart failure programs or multidisciplinary
disease management systems.'®'® Similarly, registry-based
analyses suggest that earlier initiation and sustained imple-
mentation of comprehensive pharmacotherapy are associ-
ated with more favorable survival trajectories.>®

Recent prospective evidence further highlights the
importance of intensive outpatient management. The
STRONG-HF trial demonstrated that rapid initiation and
up-titration of guideline-directed medical therapy com-
bined with close post-discharge follow-up significantly
reduced 180-day heart failure readmission and all-cause
mortality.” These findings emphasize the clinical rel-
evance of early treatment optimization and structured
patient contact during follow-up.

Data from the ESC Heart Failure Long-Term Registry
provide additional context. In that large contemporary
European cohort, patients were generally older, more
heterogeneous with respect to ejection fraction, and
characterized by substantial comorbidity burden. Despite
widespread use of evidence-based therapies, 1-year mor-
tality remained considerable.> In comparison, patients fol-
lowed in our specialized outpatient clinic were younger,
predominantly had heart failure with reduced ejection
fraction, and demonstrated higher uptake of contempo-
rary disease-modifying therapies, which may partly ex-
plain the more favorable survival observed in our cohort.

Clinical implications

The present results have several important implications
for clinical practice and healthcare organization. They
support early referral of eligible patients to specialized
heart failure services, particularly those with reduced
ejection fraction who stand to benefit most from optimi-
zed therapy. Dedicated heart failure clinics are uniquely
positioned to initiate combination therapy early, man-
age side effects, and pursue dose optimization through
structured follow-up.

At the healthcare system level, expansion of special-
ized heart failure clinics and regional care networks may
represent an effective strategy to improve outcomes and
reduce the burden of heart failure. Although such mod-
els require investment, their potential to improve survival
and reduce hospitalizations suggests favorable cost-ef-
fectiveness in the long term.

Our findings from routine clinical practice are consis-
tent with these results and suggest that specialized heart
failure outpatient clinics may provide an effective frame-
work for treatment optimization, monitoring, and pa-
tient education in routine clinical practice. In contrast to
randomized clinical trials, our study reflects everyday care
in a specialized setting and demonstrates that high up-
take of modern disease-modifying therapies and favor-
able long-term survival can be achieved in a real-world
population. This supports the role of structured multidis-
ciplinary care as an important component of contempo-
rary heart failure management.

Study limitations

Several limitations should be acknowledged. The retro-
spective observational design precludes causal inferen-

ce, and residual confounding cannot be excluded. The
specialized cohort represents a selected population that
was younger and predominantly affected by heart failure
with reduced ejection fraction, limiting direct comparabi-
lity with nationwide populations. In addition, the relati-
vely small sample size and limited number of deaths re-
strict statistical power, particularly for subgroup analyses.

Pharmacotherapy data reflect treatment at the most
recent outpatient visit and do not fully capture longitu-
dinal treatment changes, adherence, or reasons for dose
reduction. Furthermore, nationwide data used for con-
textual comparison rely on administrative coding and
lack detailed clinical parameters.

Although the majority of patients had heart failure
with reduced ejection fraction, a smaller proportion of
patients with heart failure with mildly reduced or pre-
served ejection fraction was also included. As several
disease-modifying pharmacological therapies and device-
based interventions are primarily indicated for patients
with heart failure with reduced ejection fraction, their
overall utilization rates may appear lower when calcu-
lated for the entire cohort. This should be taken into ac-
count when interpreting the presented treatment data.

Finally, data on heart failure-related rehospitalizations
were not available in the analyzed dataset and therefore
could not be evaluated. Rehospitalization rates neverthe-
less represent an important clinical outcome and should
be addressed in future studies assessing the impact of
specialized heart failure outpatient care.

Nationwide data used for contextual comparison were
available only in aggregated form and did not allow pa-
tient-level matching with respect to age, comorbidities,
or heart failure phenotype. Therefore, formal statistical
comparison of survival between the cohorts was not per-
formed.

Despite these limitations, the study provides valuable
real-world insight into the impact of specialized outpa-
tient care on heart failure management and outcomes.
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Cil: Cilem studie bylo posoudit, zda je endotelidlni dysfunkce (ED) u pacientu s ischemickou chorobou srdec-
ni (ICHS) spojena s nizsi prevalenci koronarnich makrokalcifikaci (CMC), jez predstavuji marker pokrocilejsi
a obvykle stabilnéjsi remodelace aterosklerotického platu.
Metody: Tato sekundarni analyza zahrnovala 77 konsekutivnich pacientlG zafazenych do studie FIGARO.
Endotelialni funkce byla hodnocena pomoci pfistroje EndoPAT 2000, pficemz ED byla definovana jako index
reaktivni hyperemie (RHI) < 1,67. Koronarni angiogramy byly retrospektivné pfehodnoceny zaslepenymi
hodnotiteli s cilem stanovit pfitomnost angiograficky patrnych makrokalcifikaci. Pacienti byli rozdéleni do
ti, predem definovanych skupin: diabetici, nediabetici se zachovanou endotelialni funkci (RHI > 1,67) a ne-
diabetici s ED. Mezi skupinami byly porovnany klinické charakteristiky, tradi¢ni rizikové faktory a angiogra-
fické nalezy. Nezavislé prediktory CMC byly identifikovany pomoci logistické regrese.
Vysledky: Endotelidlni dysfunkce byla pfitomna u 21 pacienti (27,3 %) a diabetes mellitus u 24 pacientd
(31,2 %). Celkova prevalence CMC ¢inila 22,1 %. U nediabetickych pacient(i se prevalence CMC vyznamné
lisila mezi endotelialnimi fenotypy: 31,6 % u osob se zachovanou endotelialni funkci oproti 8,8 % u osob
s ED (p = 0,04). Nediabeticti pacienti s ED vykazovali nejnizsi prevalenci CMC, a to navzdory obdobnému
véku i zatézi rizikovymi faktory. Zachovana endotelialni funkce byla u nediabetik( nezavislym prediktorem
pritomnosti CMC (pomér Sanci [OR] 4,77; 95% pomér spolehlivosti [CI] 1,03-22,0; p = 0,045), pficemz tento
vztah pretrval i po adjustaci na vek, dyslipidemii, arteridlni hypertenzi, chronické onemocnéni ledvin a aktiv-
ni kouteni (OR 6,96; 95% Cl 1,27-38,19; p = 0,026).
Zavéry: U nediabetik( s ICHS je endotelidlni dysfunkce spojena s vyrazné nizsi prevalenci koronarnich mak-
rokalcifikaci, coz naznacuje prevahu nekalcifikovaného aterosklerotického fenotypu. Tato zjisténi podporuji
koncept odlisnych mechanisml aterogeneze, v jejichz rdmci ED bez soucasnych metabolickych abnormalit
odrazi casnéjsi, zanétlivé podminénou vaskularni patologii, nikoli pokrocilou remodelaci spojenou s mak-
rokalcifikacemi. Neinvazivni hodnoceni endotelidlni funkce tak mlze pfispét k presnéjsimu odhadu rizika
identifikaci pacientd, ktefi s vyssi pravdépodobnosti nesou nekalcifikované a potencialné vulnerabilni platy,
a poskytovat tak doplrikovou informaci nad ramec tradi¢nich kardiovaskularnich rizikovych faktord.

© 2026, CKS.

ABSTRACT

Objective: To evaluate whether endothelial dysfunction (ED) in patients with coronary artery disease (CAD)
is associated with a lower prevalence of coronary macrocalcifications (CMC), a marker of more advanced and
typically more stable plaque remodelling.

Methods: This secondary analysis included 77 consecutive patients enrolled in the FIGARO trial. Endothelial
function was evaluated using the EndoPAT 2000 device, with ED defined as RHI <1.67. Coronary angiograms
were re-assessed by blinded reviewers for the presence of angiographically visible macrocalcification. Pa-
tients were categorised into three predefined groups: diabetics, non-diabetics with preserved endothelial
function (RHI 21.67), and non-diabetics with ED. Clinical characteristics, risk factors, and angiographic fin-
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dings were compared across groups. Logistic regression was used to identify independent predictors of CMC.
Results: ED was present in 21 patients (27.3%), and diabetes mellitus in 24 (31.2%). Overall, CMC was iden-
tified in 22.1% of the cohort. Among non-diabetic patients, the prevalence of CMC differed markedly across
endothelial phenotypes: 31.6% in non-diabetics with preserved endothelial function versus only 8.8% in
non-diabetics with ED (p = 0.04). Despite similar age and risk-factor burden, non-diabetic patients with ED
had the lowest prevalence of CMC. In non-diabetics, preserved endothelial function independently predic-
ted the presence of CMC (OR 4.77, 95% Cl 1.03-22.0; p = 0.045). This association remained significant in
multivariable analysis adjusting for age, dyslipidaemia, arterial hypertension, CKD, and active smoking (OR
6.96, 95% Cl 1.27-38.19; p = 0.026).

Conclusions: Among non-diabetic patients with CAD, endothelial dysfunction is associated with a marked-
ly lower prevalence of coronary macrocalcification, indicating a non-calcified atherosclerotic phenotype.
These findings support the concept of divergent atherosclerotic pathways, in which ED without metabolic
abnormalities reflects earlier, inflammation-driven vascular pathology rather than calcific remodelling. Non-
-invasive endothelial function testing may help refine risk stratification by identifying patients more likely
to harbour non-calcified and potentially vulnerable plaques, thereby providing complementary information

Endothelial dysfunction

beyond traditional cardiovascular risk factors.

Introduction

Coronary artery disease (CAD) remains one of the leading
causes of morbidity and mortality worldwide and arises
through multiple pathogenetic pathways that share com-
mon risk factors but produce distinct morphological and
clinical phenotypes of atherosclerosis. The classical model
describes a chronic process driven by lipid infiltration,
inflammation, oxidative stress, and endothelial dysfunc-
tion (ED), yet emerging evidence demonstrates that athe-
rosclerosis is a heterogeneous disease whose dominant
biological drivers vary considerably among individuals.'

Coronary calcification comprises a spectrum of miner-
alization patterns ranging from early microcalcifications
to extensive macrocalcified deposits. Microcalcifications,
detected as part of coronary artery calcium scoring dur-
ing computed tomography, are thought to reflect active
inflammatory processes and have been associated with
plaque vulnerability and higher acute event risk.>* In con-
trast, dense macrocalcifications, detectable on invasive
coronarography — large, radiopaque calcific deposits cor-
responding to advanced fibrocalcific plague - represent
later, consolidated stages of atherosclerosis and are gen-
erally associated with greater plaque stability and lower
propensity to rupture compared with non-calcified or mi-
crocalcified plaques.*®

ED is widely recognized as an early and pivotal event
in atherogenesis. It results from reduced nitric oxide bio-
availability, increased oxidative stress, inflammatory acti-
vation, and impaired vascular homeostasis, and can be as-
sessed through invasive or non-invasive techniques such
as peripheral arterial tonometry (PAT).6 Although ED is
universally accepted as a risk factor for atherosclerosis,’
its downstream consequences appear to differ depending
on the aetiology of endothelial injury. In diabetes melli-
tus (DM) and metabolic syndrome, ED is driven predomi-
nantly by metabolic disturbances — including hyperglycae-
mia, insulin resistance, dyslipidaemia, and accumulation
of advanced glycation end products — which promote en-
dothelial activation, inflammation, and pro-calcific vascu-
lar remodelling.®® Experimental and clinical studies have
shown that in these condition, the ED accompanies ac-
celerated osteogenic transformation of vascular smooth

muscle cells, endothelial-to-mesenchymal transition,
and ultimately vascular and coronary calcification.’!
In contrast, ED arising in the absence of metabolic dys-
regulation — such as that associated with hypertension,
smoking, inflammatory stress, or impaired shear-stress
signalling — may represent a biologically distinct pheno-
type and appears to reflect primarily inflammatory and
functional endothelial impairment without the meta-
bolic triggers known to drive calcific remodelling and as
a consequence, it may be associated with earlier or pre-
dominantly non-calcified forms of atherosclerosis.'? Non-
invasive ED assessment using flow-mediated dilation or
peripheral arterial tonometry has shown consistent as-
sociations with cardiovascular events; however, the evi-
dence for its incremental predictive value beyond tradi-
tional risk factors remains limited to high risk population
undergoing invasive coronarography.’

Based on this conceptual framework, we hypothesized
that ED in non-diabetic patients with CAD could be asso-
ciated with a distinct, predominantly non-macro calcified
atherosclerotic phenotype with higher risk of plaque in-
stability, whereas preserved endothelial function in non-
diabetic patients is associated with macrocalcification
burden similar to atherosclerosis phenotype in patients
with diabetes.

Methods

We performed a secondary analysis of consecutive pa-
tients with known CAD enrolled in the FiGARO trial
(NCT03033810), an international, multicentre prospective
study comparing discrepancies between fractional-flow
reserve (FFR) and instantaneous wave-free ratio (iFR) in
the evaluation of coronary lesions.” The study was con-
ducted in accordance with the Declaration of Helsinki
and was approved by the institutional ethics committee
of the General University Hospital in Prague. All partici-
pants provided written informed consent prior to enrol-
ment.

Endothelial function was evaluated by reactive-hyper-
aemia peripheral artery tonometry (RH-PAT) technique
using the EndoPAT 2000 device (Itamar Medical, Caesar-
ea, Israel), a validated peripheral arterial tonometry sys-
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tem." All examinations were performed according to the
standard protocol in a quiet, temperature-controlled en-
vironment after an overnight fast and withholding vaso-
active medications. Patients rested supine for at least 15
minutes before testing. Fingertip probes recorded pulse
amplitude at baseline and during reactive hyperaemia in-
duced by 5-minute brachial artery occlusion.’ The device
automatically calculated the reactive hyperaemia index
(RHI); RHI values <1.67 were considered indicative of ED
in accordance with published studies.’>"

Coronary angiograms of all included patients were
re-evaluated for the presence of coronary macrocalcifi-
cation (CMCQ) by two independent reviewers blinded to
the ED results. Angiographically visible calcification was
defined according to established interventional criteria
as radiopaque, intraluminal or vessel-wall calcific deposits
identifiable on fluoroscopy.'® Calcification visible before
contrast injection and in more than one projection were
classified as CMC.

Baseline characteristics, including cardiovascular risk
factors — body mass index (BMI), diabetes mellitus, arte-
rial hypertension, dyslipidaemia, smoking status, chronic
kidney disease (CKD), were obtained from clinical records
and physical examinations.

Table 1 - Baseline characteristics of study population

Variable N (%); median (IQR) / mean (SD)
Age 67.00 (13.00)

Female 16 (20.78%)

Height (cm) 175.00 (10.00)

Weight (kg) 90.00 (20.00)

BMI (kg/m?) 28.95 (6.29)

Diabetes mellitus 24 (31.17%)

Arterial hypertension 59 (76.62%)

Dyslipidaemia 52 (67.53%)
CKD 9 (11.69%)
COPD 13 (16.88%)
Smoking history 58 (75.32%)
Current smoker 32 (41.56%)
PAD 17 (22.08%)
Coronary macrocalcification 17 (22.08%)
RHI 1.47 (0.42)
LVEF (%) 60.00 (18.00)
Hb (g/1) 138.50 (22.25)
WBC 8.23 (3.55)
Creatinine 84.00 (26.50)
LM stenosis 13 (17.57%)
LAD stenosis 31 (40.26%)

BMI - body mass index; CKD - chronic kidney disease; COPD -
chronic obstructive pulmonary disease; IQR - interquartile range;
Hb - hemoglobin; LAD - left anterior descending artery; LM - left
main artery; LVEF - left ventricle ejection fraction; N — number of
participants; PAD - peripheral artery disease; RHI - reactive hyper-
emia index; SD - standard deviation; WBC - white blood cell count.

For purposes of analysis, first the patients with/without
ED were compared, second the population was divided
into three subgroups — diabetics, non-diabetics without
ED; non-diabetics with ED. Continuous variables are re-
ported as mean * standard deviation (SD) for normally
distributed data or median with interquartile range (IQR)
for skewed data. Categorical variables are presented as
counts and percentages. Group differences were assessed
using the Student’s t-test for continuous variables and
the y2 test for categorical variables. Logistic regression
was used for uni- and multivariate testing. All tests were
two-sided, and p-values <0.05 were considered statistical-
ly significant. Statistical analyses were performed using R
version 4.4.0 (The R Foundation for Statistical Computing,
Vienna, Austria).

Results

A total of 77 patients were included (median age 67
years; 20.8% females). Baseline characteristics are sum-
marized in Table 1.

Diabetes mellitus was present in 24 patients (31.2%),
while endothelial dysfunction (RHI < 1.67) was observed
in 21 patients (27.3%).

Compared with patients without ED, those with ED
had significantly higher prevalence of diabetes (9.5% vs.
39.3%, p = 0.03) as depicted in Table 2.

No significant differences were found in age, smoking
status, dyslipidaemia, presence of CKD, or prevalence of
prior acute myocardial infarction. However, the trend to-
wards higher prevalence of peripheral artery disease in
patients with endothelial dysfunction was observed

Table 2 - Differences between patients with and without

endothelial dysfunction

Comorbidity RHI >1.67 RHI <1.67  p-value
Total 21(27.3%) 56 (72.7%)

Male 15(71.4%) 46 (82.1%) 0.47
Discrepancy 11(52.4%) 20(35.7%) 0.29
AMI history 9 (42.9%) 24 (42.9%) 1.00
Diabetes mellitus 2 (9.5%) 22 (39.3%) 0.03
Arterial hypertension 14 (66.7%)  45(80.4%) 0.34

Dyslipidaemia 11(52.4%) 41(73.2%) 0.14
CKD 2 (9.5%) 7 (12.5%) 1.00
Stroke history 2 (9.5%) 4(7.1%) 1.00
COPD 4 (19.0%) 9(16.1%) 1.00
Smoking history 15(71.4%) 43(76.8%) 0.85
Current smoker 8 (38.1%) 24 (42.9%) 0.91
PAD 1 (4.8%) 16 (28.6%) 0.05
Coronary

macrocalcification 7 (33.3%) 10 (17.9%) 0.25

AMI - acute myocardial infarction; CKD - chronic kidney disease;
COPD - chronic obstructive pulmonary disease; PAD - peripheral
artery disease; RHI - reactive hyperemia index.
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Fig. 1 - Differences in prevalence of coronary calcification according
to diabetes or ED status.

Coronary macrocalcification was present in 22.1% of
the entire cohort. When patients were stratified into
three predefined phenotypic groups — diabetics, non-
diabetics without ED, and non-diabetics with ED — a sig-
nificant difference in CMC prevalence emerged as shown
in Figure 1.

Non-diabetic patients with ED also exhibited the low-
est prevalence of CMC despite comparable age and risk-
factor burden (Table 3).

Among non-diabetic patients, presence of normal
endothelial function (RHI >1.67) independently predict-
ed the presence of CAC (OR 4.77, 95% Cl 1.03-22.0; p =
0.045).

In a multivariable logistic regression model restricted
to non-diabetic patients and including age, dyslipidae-
mia, arterial hypertension, CKD, and active smoking as
covariates, RHI >1.67 remained a strong and independent
predictor of CMC (OR 6.96, 95% ClI 1.27-38.19; p = 0.026).
None of the traditional risk factors reached statistical sig-
nificance in this model (Supplementary material 1).

Discussion

In this study, we demonstrate that among non-diabetic
patients with established CAD, the presence of endothe-
lial dysfunction (ED) as assessed by the RHI-PAT method is
associated with a markedly lower prevalence of coronary
macrocalcification. This observation suggests that, in the
absence of diabetes, ED may signal a distinct atheroscle-
rotic phenotype characterized predominantly by non-cal-
cified plague components.

Previous work has shown that diverse pathogenic path-
ways shape the morphology of atherosclerotic plaques.
Metabolic dysregulation — as seen in diabetes mellitus or
chronic kidney disease — has consistently been linked to
an increased burden of coronary artery calcium and more
advanced mineralized atherosclerosis.’®?® Our findings
extend these observations by demonstrating that non-
diabetic CAD patients with ED exhibit significantly fewer
coronary macrocalcifications compared with both non-di-
abetic individuals without ED and with diabetic patients.
Although ED is commonly observed in diabetes,?! its pres-
ence in non-diabetic individuals likely reflects alternative
mechanisms—such as inflammation, impaired nitric oxide
bioavailability, endothelial activation, or prothrombotic
imbalance—that promote the formation of non-calcified
or minimally calcified plaques rather than mineralized le-
sions.

The inverse association between ED and coronary
macrocalcification in non-diabetic patients may there-
fore reflect different stages of plaque evolution. Mac-
rocalcification represents a late and largely reparative
phase of atherosclerosis,[4] whereas ED in the absence
of metabolic disease corresponds to an earlier, inflam-
mation-driven phenotype characterized by diminished
nitric oxide signalling, endothelial activation, and in-
creased vascular permeability.'? These processes favour
the formation of non-calcified plaques but do not pro-
vide the osteogenic stimulus required for advanced
mineralization."" By excluding patients with diabetes -
where ED develops within a pro-calcific metabolic milieu
— our data isolate a non-metabolic ED phenotype linked
to less mature, less mineralized plaque architecture,
providing a coherent mechanistic basis for the markedly
lower prevalence of macrocalcification observed in this
subgroup.

Table 3 - Differences between patients divided by presence of diabetes mellitus and endothelial dysfunction

Parameter Diabetics

Age (median, IQR) 69.0 (IQR 9.75)
Smoking history (%) 75.0%
Current smoker (%) 20.8%
Arterial hypertension (%) 91.7%
Dyslipidaemia (%) 87.5%

CKD (%) 16.7%
Triple-vessel disease (%) 70.8%
Coronary calcification (%) 33.3%

Non-diabetics Non-diabetics, p-value
preserved RHI reduced RHI

65.0 (IQR 14.50) 65.5 (IQR 11.25) 0.47
68.4% 79.4% 0.67
42.1% 55.9% 0.03
63.2% 73.5% 0.08
47.4% 64.7% 0.02
10.5% 8.8% 0.65
52.6% 55.9% 0.40
31.6% 8.8% 0.04

CKD - chornic kidney disease; RHI - reactive hyperaemia index.
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Importantly, accumulating evidence indicates that the
degree of coronary calcification is not only a marker of
plaque burden but also of plaque stability. Dense macro-
calcifications are repeatedly associated with a lower risk
of major adverse cardiovascular events (MACE), whereas
non-calcified and low-attenuation plaques confer a high-
er risk of instability and rupture.?>?* Against this back-
ground, the relative absence of macrocalcification in non-
diabetic patients with ED may identify a subgroup with
more active, inflammation-driven, and potentially high-
er-risk plaque biology despite comparable angiographic
disease severity.

These findings may have practical clinical implications.
Contemporary trials support conservative management
strategies in stable CAD,?*?* yet the ability to identify
patients who harbour predominantly non-calcified and
potentially vulnerable plaques remains limited in routine
practice. Endothelial function testing — simple, non-inva-
sive, and easily repeatable — may offer a complementary
tool for refining risk stratification in non-diabetic pa-
tients with CAD. Such individuals with ED could represent
candidates for intensified diagnostic assessment, includ-
ing coronary computed tomography angiography, which
is particularly sensitive for detecting non-macro calcified
plaque features. Furthermore, this phenotype may ben-
efit from more aggressive preventive measures, including
tighter LDL-C lowering or anti-inflammatory strategies,
given the biologically active nature of non-calcified ath-
erosclerosis.

In summary, our data support the concept of two di-
vergent atherosclerotic phenotypes in non-diabetic CAD:
(1) a calcific-metabolic phenotype characterized by pre-
served endothelial function, and (2) a non-calcified,
ED-driven phenotype potentially reflecting heightened
inflammatory activity. Future imaging and mechanistic
studies are warranted to clarify the determinants of these
patterns and to determine whether integrating endothe-
lial function into clinical decision-making can improve pa-
tient outcomes.

Limitations

This study has several limitations. It was a single-center
analysis with a relatively small sample size, which may li-
mit generalizability. Endothelial function was measured
peripherally using EndoPAT, which may not fully reflect
coronary endothelial physiology. Finally, the cross-sectio-
nal design precludes causal inference despite multivaria-
ble adjustment.

Conclusion

In non-diabetic patients with coronary artery disease, en-
dothelial dysfunction was associated with a significant-
ly lower prevalence of coronary macrocalcification. This
finding supports the existence of distinct atherosclerotic
phenotypes and suggests that endothelial function asse-
ssment may aid in refining cardiovascular risk stratificati-
on beyond traditional factors in the era of data supporti-
ng conservative treatment of stable CAD.
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Cil: Cilem této prehledové studie bylo zhodnotit tcinnost psychologickych intervenci v 1écbé arteridlni hy-
pertenze se zamérenim na jejich vliv na krevni tlak, psychologické ukazatele (stres, Uzkost, deprese) a kvalitu
Zivota pacientd.
Metodika: Byly analyzovény randomizované kontrolované studie publikované v letech 2015-2025, vyhle-
dané v databazich PubMed, ScienceDirect a Cochrane Library. Zarazeny byly studie hodnotici kognitivné-
-behaviorélni terapii (KBT), intervence zalozené na vSimavosti (mindfulness) a zvladani stresu a relaxa¢ni
techniky. Metodologickd kvalita studii byla hodnocena pomoci skaly PEDro.
Vysledky: Do prehledu bylo zafazeno 17 randomizovanych kontrolovanych studii (RCT). Vétsina studii pro-
kazala statisticky vyznamné snizeni systolického krevniho tlaku, zejména u intervenci zaloZenych na KBT
a mindfulness. Kognitivné-behavioralni terapie vykazovala nejrobustnéjsi dlouhodoby efekt na krevni tlak,
adherenci k [écbé a kvalitu zivota. Mindfulness intervence byly spojeny s redukci stresu, uzkosti, deprese
a s pfiznivymi zménami biologickych markerd zanétu. Relaxacni techniky mély rychly fyziologicky efekt,
ktery byl nejsilnéjsi pfi kombinaci s kognitivné-behavioralnimi pfistupy.
Zavér: Psychologické intervence predstavuji ucinny a klinicky relevantni doplnék standardni 1écby arterialni
hypertenze. Jejich integrace do komplexni péce muze prispét ke zlepseni kontroly krevniho tlaku, psychické
pohody i kvality Zivota pacient(.
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ABSTRACT

Aim: The aim of this narrative review was to evaluate the effectiveness of psychological interventions in the
treatment of arterial hypertension, with a particular focus on their impact on blood pressure, psychological
outcomes (stress, anxiety, depression), and quality of life.

Methods: Randomized controlled trials published between 2015 and 2025 were identified through sear-
ches of PubMed, ScienceDirect, and the Cochrane Library. Studies evaluating cognitive behavioral therapy
(CBT), mindfulness-based interventions, relaxation techniques, and stress management programs were inclu-
ded. Methodological quality was assessed using the PEDro scale.

Results: A total of 17 RCTs were included in the review. Most studies reported a statistically significant
reduction in systolic blood pressure, particularly in interventions based on CBT and mindfulness. CBT demon-
strated the most robust long-term effects on blood pressure reduction, treatment adherence, and quality
of life. Mindfulness-based interventions were consistently associated with reductions in perceived stress,
anxiety, and depressive symptoms, as well as favorable changes in biological markers of inflammation. Rela-
xation techniques produced rapid physiological effects, which were most pronounced when combined with
cognitive-behavioral approaches.

Conclusion: Psychological interventions represent an effective and clinically relevant adjunct to standard
hypertension management. Their integration into comprehensive care may improve blood pressure control,
psychological well-being, and overall quality of life in patients with arterial hypertension.
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Uvod

Kardiovaskularni onemocnéni (KVO) patfi mezi hlavni
pficiny morbidity a mortality na celosvétové urovni a za-
roven predstavuji vyznamnou zatéz pro zdravotnické sys-
témy i spolecnost jako celek."? Jednim z nejvyznamnéjsich
a zaroven dobfe ovlivnitelnych rizikovych faktorl KVO je
arterialni hypertenze, ktera predstavuje zasadni globalni
zdravotni problém soucasnosti. Podle udaju Svétové zdra-
votnické organizace (WHO) trpélo v roce 2024 hyperten-
zi priblizné 1,4 miliardy osob ve véku 30-79 let, pricemz
adekvatni kontrola krevniho tlaku byla dosazena pouze
u 23 % nemocnych. Onemocnéni ¢asto probiha asympto-
maticky, a proto zUstdva témér u poloviny postizenych
nediagnostikovano. Hypertenze je pfitom hlavni pfi¢inou
predc¢asné mortality a vyznamné se podili na rozvoji in-
farktu myokardu, cévni mozkové prihody, srde¢niho se-
Ihani a chronického onemocnéni ledvin.?

Vedle zavaznych somatickych disledkd ma hyperten-
ze rovnéz vyrazny dopad na psychickou oblast. Pacienti
s hypertenzi a dalsimi kardiovaskularnimi onemocnéni-
mi ¢asto vykazuji zvySenou miru stresu, uzkosti a celko-
vé snizenou kvalitu Zivota.* Psychicky stres, at jiz souvisi
s chronickym onemocnénim, nebo vyplyvd z externich
zivotnich zatézi, maze dale pfrispivat ke zvySovani krev-
niho tlaku a udrzovani bludného kruhu mezi psychickou
z3tézi a somatickymi projevy onemocnéni.> Chronicka
aktivace stresové odpovédi je spojena se zvysenou ak-
tivitou sympatického nervového systému a elevaci kon-
centraci stresovych hormonu, coz vede k vazokonstrikci,
tachykardii a dlouhodobému zvy3ovani krevniho tlaku.®
WHO? proto zdUrazfiuje potfebu komplexniho pfistupu
k [écbé hypertenze, ktery vedle farmakoterapie a upra-
vy zivotniho stylu zahrnuje také nefarmakologické in-
tervence zamérené na modifikovatelné rizikové faktory,
zejména na zvladani stresu a podporu dlouhodobé ad-
herence k 1é¢bé.

V poslednich desetiletich se tak vedle farmakologické
|écby stéle vice uplatriuji psychologické intervence zamé-
fené na behaviordlni, emocni a kognitivni mechanismy
regulace krevniho tlaku. Na zakladé prehledu intervenci
uvedenych v praci autord Zou et al.” Ize u pacientl s hy-
pertenzi rozlisit nékolik hlavnich terapeutickych pfistupt
vyuzivanych v klinické praxi, mezi néz patfi integrovana
a koordinovana péce, behavioralni a psychologické in-
tervence a dale intervence zamérené na fyzické zdravi
a zivotni styl. Predkladana prehledova studie se zaméruje
vyhradné na behavioralni a psychologické zpusoby ovliv-
néni hypertenze, které tvofi dlleZitou souc¢ast nefarma-
kologické lécby a predstavuji doplnék standardni farma-
koterapie.

Behavioralni a psychologické intervence jsou primar-
né zaméreny na ovlivnéni zdravotniho chovani, redukci
stresu a podporu psychické pohody pacientd. Mezi kli¢o-
vé pristupy patfi behavioralni aktivace,®® ktera podporuje
systematické zapojovani pacientd do smysluplnych a pfi-
jemnych ¢innosti. U osob s hypertenzi mlze tento pfistup
vést ke snizeni psychické zatéze, omezeni pasivniho a se-
davého zivotniho stylu a ke zvy$eni celkové Urovné aktivi-
ty, coz muze mit nepfrimy, avsak klinicky relevantni dopad
na regulaci krevniho tlaku. Soucasti behavioralni aktivace
byva strukturované planovani aktivit, stanovovani realis-

tickych cilG a pribéznd podpora adherence ke zménam
zivotniho stylu.

Dalsi vyznamnou oblast predstavuje psychoterapie, ze-
jména kognitivné-behavioralni terapie (KBT).'" Kognitiv-
né-behavioralni terapie se zaméruje na identifikaci a mo-
difikaci maladaptivnich myslenkovych schémat, nacvik
dovednosti zvladani stresu a rozvoj efektivnich copingo-
vych strategii. Copingové strategie jsou vysvétleny jako
specifické védomé postupy (kognitivni ¢i behavioralni),
které jedinec vyuziva ke zvladnuti vnitinich nebo vnéjsich
stresovych situaci. U pacientt s hypertenzi mdze tento te-
rapeuticky pristup pfispivat ke snizeni stresové reaktivity,
lepSimu zvladani emocné néarocnych situaci a ke zvyseni
adherence k lé¢ebnym doporucenim, coz je klicové pro
dlouhodobou kontrolu krevniho tlaku.

Zvlastni pozornost si zasluhuji intervence zalozené na
véimavosti (mindfulness-based interventions, MBIs), ze-
jména programy snizovani stresu zaloZzené na viimavosti
(mindfulness-based stress reduction, MBSR) a kognitivni
terapie zaloZzené na vsimavosti (mindfulness-based co-
gnitive therapy, MBCT). Mindfulness je definovana jako
zadmérné a nehodnotici zaméfeni pozornosti na prozitky
v pfitomném okamziku (télesné vjemy, emoce, myslenky),
které vede k deaktiva¢ni odpovédi organismu a snizeni
stresové reaktivity. Tyto pfistupy vyuzivaji techniky me-
ditace, vSimavého uvédomovani a strukturované progra-
my redukce stresu, které podporuji vnimani télesnych
a emocnich procest v pritomném okamziku. Pravidelna
praxe mindfulness muze vést ke snizeni psychofyziologic-
kého napéti, ovlivnéni regulace autonomniho nervového
systému a ke zlep3eni subjektivni pohody, cozZ je zvlasté
vyznamné u pacientd, u nichz se hypertenze rozviji v sou-
vislosti s chronickym stresem.

Dalsi ¢asto vyuzivanou metodou je progresivni svalova
relaxace, zaloZzena na stfidavém napinani a uvolriovani
jednotlivych svalovych skupin. Tato technika prispiva ke
snizeni svalového i psychického napéti, redukci uzkos-
ti a celkové aktivace sympatického nervového systému.
V kontextu hypertenze mUze pravidelné zarazovani re-
laxac¢nich technik podpurné plsobit na snizeni krevniho
tlaku a zlepseni schopnosti pacientl regulovat stresové
reakce.'

Celkové Ize shrnout, Ze behavioralni a psychologické
intervence tvofi duleZitou a klinicky relevantni soucast
komplexni péce o pacienty s hypertenzi. Zaméruji se na
oblasti, které farmakologicka lé¢ba sama o sobé neposti-
huje, a mohou vyznamné prispét ke zlepseni dlouhodobé
kontroly krevniho tlaku, adherence k Ié¢bé i celkové kva-
lity Zivota pacienta.

Cilem tohoto prehledového ¢lanku bylo systematicky
zhodnotit u¢innost psychologickych intervenci na hodno-
ty krevniho tlaku u dospélych pacientt s arteridlni hyper-
tenzi.

Material a metodika

Za ucelem nalezeni studii nejvyssi urovné dikaztd hod-
noticich Ucinnost psychologickych intervenci u pacientt
s hypertenzi byly prohledavény elektronické databaze
PubMed, ScienceDirect, Cochrane Library. Pfi vyhledavani
byly pouzity klicova slova: hypertension, high blood pre-
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1960 zaznami
odstranénych z divodu

3 824 nalezenych studii
(PubMed, ScienceDirect,

Y

Cochrane Library) duplicity
\4
1 864 provérenych - 515 vyloucenych
zaznamu zaznamu

v

1349 zaznamU
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¢ Nejednd se o RCT

o Absence psychologické
intervence
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o Détska populace

¢ Publikovano pred
rokem 2015

\4

17 RCT

Obr. 1 - Schéma vyhledavani zaznamu. RCT - randomizované kon-
trolované studie.

ssure, psychological intervention, non-pharmacological
therapy (MeSH).

Vyhledavani bylo zaméfeno na randomizované kont-
rolované studie, publikované v poslednich deseti letech,
tj. od roku 2015 do roku 2025. Byla stanovena nasledujici
zarazujici kritéria: typ studie: dale RCT, stéri studie: deset
let, jazyk publikace: anglicky. Vylucujici kritéria: studie
zamérené vyhradné na farmakoterapii, prace bez jasné
definované psychologické intervence, studie u pediatric-
ké populace, studie starsi 10 let.

Prohledavani a hodnoceni studii bylo provedeno dvé-
ma nezavislymi hodnotiteli. Celkem bylo identifikovano
3 824 zaznamu, z nichz bylo 1 960 odstranéno z dlvodu
duplicity. Zbyvajicich 1 864 zaznamU bylo provéfeno na
zékladé ndzvu a abstraktu, pficemz 515 zdznamu bylo
vylou¢eno. Do posouzeni plného textu postoupilo 1 349
studii, z nichZz 1 332 nesplnilo zafazujici kritéria. Do ko-
necného prehledu bylo zahrnuto 17 randomizovanych
kontrolovanych studii (obr. 1).

Pro posouzeni metodologické kvality a rizika zkresleni
zahrnutych RCT byla pouzita skala PEDro.'*' Tento na-
stroj je vysoce validni pro hodnoceni studii zabyvajicich se
nefarmakologickymi a behavioralnimi intervencemi. Ska-
la hodnoti 11 kritérii, pficemz vysledné skére (0-10 bodu)
je odvozeno z polozek 2 az 11. Kvalita zarfazenych studii
v tomto prehledu se pohybovala v rozmezi 4 az 8 bodu.
Hodnoceni kvality probihalo nezavisle u dvou hodnotite-
1G a vysledné skére bylo stanoveno na zékladé vzajemné-
ho konsenzu.

Vysledky

Tabulka 1 shrnuje vybrané behavioralni a psychologické
intervence u pacientu s hypertenzi, které byly zafazeny do
prehledové analyzy. Studie jsou sefazeny abecedné podle

prvniho autora a zahrnuji vyhradné RCTs. Pfehled uvadi
autora, rok publikace, zemi pUvodu, velikost vzorku, typ
intervence, charakter kontrolni skupiny, délku intervence
a hlavni zjisténi vztahujici se ke zménam krevniho tlaku
a psychologickych ¢i biologickych ukazatelu.

Do prehledu bylo zahrnuto celkem 17 studii. Nejstarsi
zafazena studie pochazi z roku 2015, zatimco nejnovéjsi
data reprezentuje studie z roku 2025."® Délka trvani in-
tervenci se pohybovala od jednorazové intervence'® az po
2 mésic', pricemz vétSina vyzkumnych programi byla
realizovana v rozmezi 8 az 12 tydnu."'>824 Kontrolni
podminky nejcastéji zahrnovaly béznou péci, edukaci,
farmakoterapii nebo aktivni kontrolni skupiny.

Z hlediska geografického plvodu byly studie realizo-
vany v Sirokém spektru zemi, pficemz nejvétsi zastoupe-
ni mély prace z iranu,'" 15181922 YSA 212627 Ciny'617.24 3 Ka-
nady,?2 nasledované vyzkumy ze Spanélska,??° Indie®
a Saudské Arabie.*°

Format realizace intervenci byl rozdélen na skupi-
novou a individualni formu. Skupinovy format byl ty-
picky pro programy zaloZzené na mindfulness a klasické
KBT."'518-25 Naproti tomu individualni pfistup byl volen
v pfipadech digitalnich intervenci, jako je vyuziti aplika-
ci v chytrych telefonech,?® online e-poradenstvi?’?® nebo
u technik, jako jsou progresivni svalova relaxace a de-
chova cviceni.*® V jednom pripadé se jednalo o kombi-
novany format.'®

Zakladni zjisténi ukazuji, Ze psychologické a behavio-
ralni intervence maji vyznamny vliv na somatické i psy-
chické parametry pacientd. Vétsina studii reportovala
statisticky vyznamné snizeni systolického krevniho tla-
ku_10,11,15,17,18,20—23,26—28,30

Vyznamnym aspektem sledovanych intervenci byl je-
jich vliv na psychické zdravi a celkovou pohodu pacient(.
Intervence zamérené na mindfulness a KBT vedly ke kon-
zistentnimu snizeni symptomu Uzkosti a deprese. Tento
efekt byl jasné prokdzan u skupinovych programa.' 224
Déle bylo zaznamenano vyrazné snizeni vnimaného
stresu a hnévu, coz jsou klicové faktory ovliviiujici kar-
diovaskularni zdravi. Pozitivni zmény v téchto oblastech
uvadéli napriklad Babak et al.”® a Momeni et al.,?? ktefi
u kardiakd a hypertonikd potvrdili efektivitu MBSR v re-
dukci stresové zatéze. V USA bylo navic u individudlnich
digitalnich intervenci prokazano snizeni reaktivity korti-
zolu na stres.?®

Zlepseni kvality Zivota bylo dalSim dominantnim zjisté-
nim napfi¢ studiemi. Dlouhodobé intervence trvajici dva
roky vedly k trvalému zvyseni skére kvality Zivota souvi-
sejici se zdravim.'” K tomuto zlep3eni pfispél nejen pokles
krevniho tlaku, ale také osvojeni lepSich copingovych
strategii pro zvladani zatézovych situaci' a zvyseni sebe-
ucinnosti (self-efficacy) u pacient(,? ktera je definovana
jako subjektivni pfesvédceni pacienta o vlastni schopnosti
Uspésné realizovat ¢innosti nezbytné k dosazeni kontro-
ly nad onemocnénim, napf. dodrzovani dietniho rezimu
nebo adherence k 1é¢bé. Specifické biologické pfinosy za-
hrnovaly snizeni oxida¢niho stresu a hodnoty zanétlivého
markeru interleukin 6 (IL-6)."

Dlouhodobé programy (1-2 roky) navic prokazaly po-
tencial ke zlepseni adherence k |é¢bé?” a snizeni incidence
cévnich mozkovych pfihod." Néktefi autofi rovnéz zdu-
raziiuji potfebu individualizace intervenci na zakladé
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Tabulka 1 - Prehled behavioralnich a psychologickych intervenci u pacientti s hypertenzi (sefazeno abecedné podle autora)

Autor (rok)

Ahmadpanah
et al. (2016),"
Irdn

Babak et al.
(2022),®

Irdn

Birashk et al.
(2018),"

Irdn

Clemow et al.
(2018),#
USA

Dou et al.
(2025),"®
Cina

Kumar et
al. (2017),%
Indie

Lindsay et al.
(2018),%
USA

Liu et al.
(2017),"
Cina

Loucks et al.
(2023),*
USA

Mensorio et
al. (2019),2
Spanélsko

Momeni et
al. (2016),%
Irdn

Nejati et al.
(2015),"
Irdn

Nolan et al.
(2018),7
Kanada

Pathan et al.
(2023),*°
Saudska
Arabie
Ponte
Marquez et
al. (2019),2
Spanélsko

Pocet Intervence
participantd

60 Metakognitivni
mindfulness +
farmakoterapie

80 Mindfulness

60 KBT + leky,
mindfulness +
léky

92 KBT

240 Relaxace,

relaxace + KBT

40 Mindfulness
153 Mindfulness —
smartphone
409 KBT
201 Mindfulness
106 online KBT +
psychoedukace
60 Mindfulness
30 Mindfulness
264 Online KBT
64 PMR,
SBE,
PMR+SBE
70 Mindfulness +
meditace

Kontrolni
skupina

Pouze
farmakote-
rapie

Bézna péce

Léky

BéZna péce

BéZna péce

Bézna péce

Edukace

Standardni

péce

Bézna péce

BéZna péce

Aktivni

kontrola

Jéga

Standardni

péce

Bézna lécba

Edukacni
kontrola

Délka
intervence,
format

8 tydn(,
skupinovy

12 tydn(,
skupinovy

8 sezeni,
skupinovy

6 mésicq,
skupinovy

Jednorazova
intervence,
individualni
i skupinovy
8 tydn(,
skupinovy

15 lekci,
individualni

2 roky,
individualni

9 tydna,
skupinovy

13 tydnd,
individualni

8 tydn(,
skupinovy

8 tydn(,
skupinovy

12 mésicl,
individualni

4 tydny,

individualni

8 tydn(,
skupinovy

Hlavni zjisténi

Psychoterapeuticka lécba hypertenze snizila TK a symptomy
deprese a Uzkosti. Pozitivni Ucinky byly pozorovatelné pri
nasledném sledovani o 8 tydnu pozdéji.

Signifikantni pokles STK a DTK, zlepseni kvality Zivota, snizeni
stresu

KBT vedla ke sniZeni oxidacniho stresu a hodnoty IL-6, ale
ucinek nebyl statisticky vyznamny ve srovnani s kontrolni
skupinou. Jeji efekt byl slabsi nez u mindfulness intervence.
Mindfulness prokazala vyznamné sniZeni oxidacniho stresu
i koncentrace IL-6 oproti kontrolni skupiné a byla uc¢innéjsi
nez KBT, zejména v redukci zanétlivého markeru IL-6.

KBT intervence pro zvladani stresu a hnévu vedla ke statisticky
vyznamnému a klinicky vyznamnému snizeni STK. DTK nebyl
vyznamné snizen.

Skére méfeni emocniho vycerpéni a depresivni ruminace ukazalo
vyznamné zlepseni a korelovalo se se snizenim STK.

Nejsilnéjsi Ucinek na snizeni systolického i diastolického krevniho
tlaku méla kombinace relaxacniho tréninku a kognitivni
intervence. Samostatna relaxacni terapie méla na STK omezeny
vliv.

Intervence vedla ke statisticky vyznamnému snizeni STK
ve srovnani s kontrolni skupinou. U DTK neby! rozdil statisticky
vyznamny.

Intervence pomoci telefonu je Ucinnd pfi snizovani reaktivity
kortizolu a STK na stres a pro dosazeni téchto ucinkd je klicové
naucit se pfijimat vlastni zkusenosti.

Pokles STK a DTK, zlepseni kvality Zivota a snizeni prevalence
cévni mozkové prihody

Snizeni STK 0 4,9 mm Hg a zvyseni vSimavosti ke stravé

Vyznamné rozdily v antropometrickych proménnych po
intervenci (tj. BMI a obvod pasu), externim stravovacim stylu
a skére uzkosti a stresu

Vyznamny rozdil mezi skupinami, pokud jde o hodnoty STK, vni-
maného stresu a hnévu po testu. Skupiny se vyznamné nelisily,
pokud jde o DTK.

Pokles STK i DTK, zlepseni copingovych strategii

Zlepseni adherence, mirné snizeni TK.

Po 12 mésicich vyvolalo online poradenstvi oproti kontrole
Vvétsi snizeni STK. U muzd v online skupiné byly oproti kontrolni
skupiné zaznamendny také nizsi hodnoty DTK, non-HDL
cholesterolu, celkového cholesterolu a poméru celkového

a HDL cholesterolu.

Kombinované intervence SBE a technik PMR mohou ucinné snizit
srdecni frekvenci, dechovou frekvenci, krevni tlak a tzkost u pa-

cientl s hypertenzi ve srovnani s obéma technikami podavanymi

samostatné.

Vyznamné snizeni STK. U¢inek se projevil zejména na klinicky
méreném STK a na 24hodinovém a noc¢nim systolickém tlaku.
U intervencni skupiny doslo také ke zlepseni psychologickych
charakteristik — byli méné hodnotici, vice pfijimajici a méné
depresivni.

Pokracovani na dalsi strané
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Tabulka 1 - Piehled behavioralnich a psychologickych intervenci u pacientt s hypertenzi (sefazeno abecedné podle autora)

Hlavni zjisténi

Byly identifikovany dva psychobehaviordlni profily: adaptivné
prizptsobeni pacienti s nizkou psychickou tisni a vysokou
motivaci ke zméné chovani a afektivné distresovani pacien-
ti s klinicky vyznamnymi symptomy deprese, vyssim stresem

a vyss$im BMI. Po 12 mésicich byly u adaptivné prizptsobenych
pacientli zaznamenany vyznamné poklesy STK, zatimco u DTK se
zmény neprokézaly. Tito pacienti také vyrazné castéji dokondili
studii. U afektivné distresované skupiny nebylo mozné vysledky
statisticky hodnotit, avSak data naznacovala potencialni pfinos
intervence.

Vyrazné snizeni STK, pokles Uzkosti a deprese a zlepsovani skére
sebeucinnosti

Autor (rok) Pocet Intervence Kontrolni Délka
participantt skupina intervence,
format
Tanaka & No- 263 E-poradenstvi Standardni 12 mésicq,
lan (2018),% (KBT + motiva¢- edukacni individualni
Kanada ni rozhovory) materialy
Zhangetal. 60 Mindfulness +  Edukace 10 tydnu,
(2024),# edukace skupinovy
Cina

BMI - index télesné hmotnosti; DTK - diastolicky tlak; IL-6 — interleukin 6; KBT - kognitivné-behavioralni terapie; PMR - progresivni svalova relaxa-

ce; SBE — pomalé dychani; STK - systolicky tlak; TK - tlak krevni.

psychobehavioralniho profilu pacienta pro dosazeni ma-
ximalni efektivity l1é¢by 28 (viz tabulku 1).

Diskuse

Vysledky této prehledové studie potvrzuji, ze arterial-
ni hypertenze predstavuje komplexni biopsychosocialni
onemocnéni, jehoz pribéh a lécebné vysledky jsou vy-
znamné ovliviiovany psychickymi a behaviordlnimi fak-
tory. Chronicky stres, Uzkost a depresivni symptomatika
pfispivaji ke vzniku i udrzovani zvyseného krevniho tlaku
prostiednictvim dlouhodobé aktivace osy hypotalamus—
hypofyza-nadledviny, zvy3ené sympatické aktivity a na-
slednych neuroendokrinnich a vaskularnich zmén, véetné
vazokonstrikce, endotelidlni dysfunkce a systémového za-
nétu.’’-3 Tyto poznatky podporuji sou¢asnd mezinarodni
doporuceni, kterd zdaraznuji vyznam nefarmakologic-
kych intervenci jako doplrnku farmakoterapie u pacientt
s hypertenzi.343

Z analyzovanych psychologickych intervenci se jako
nejrobustnéjsi z hlediska uc¢inku na krevni tlak, adhe-
renci k |é¢bé a kvalitu Zivota jevi kognitivné-behavio-
ralni terapie. Zahrnuté studie konzistentné prokazuji
snizeni systolického krevniho tlaku jak u kratkodobych
skupinovych programu, tak zejména u dlouhodobych
individudlInich intervenci.'®"72* Zvl&a$tni vyznam ma pro-
spektivni studie Liu et al.,"” ktera jako jedina hodnoti-
la efekt psychologické intervence v horizontu dvou let
a prokazala nejen trvalé snizeni krevniho tlaku a zlep-
Seni kvality Zivota, ale také nizsi incidenci cévnich moz-
kovych pfihod. Tento nalez naznacuje, Ze dlouhodobéd
psychologicka intervence mlze mit i preventivni kar-
diovaskularni efekt.

Mechanismus ucinku KBT je pravdépodobné multifak-
toridlni. Terapie prispiva ke sniZeni stresové reaktivity,
korekci maladaptivnich kognitivnich schémat a podpore
zmén zdravotniho chovani, zejména v oblasti fyzické ak-
tivity, stravovacich navykda a adherence k farmakotera-

pii.3*3%-42 Pfimy biologicky efekt KBT na zanétlivé procesy
se viak jevi jako méné vyrazny nez u intervenci zaloze-
nych na vdimavosti, coz naznacuji srovnavaci studie sledu-
jici oxidacni stres a hodnoty IL-6."

Relaxac¢ni techniky predstavuji dalsi dilezity pilif nefar-
makologické 1é¢by hypertenze. Zahrnuté studie potvrzuji
jejich schopnost rychle sniZzovat krevni tlak, srdecni frek-
venci a subjektivné vnimany stres prostfednictvim modu-
lace autonomniho nervového systému.*-4¢ Jejich efekt je
viak casto kratkodoby a nejvyraznéjsi pfinos byl zazna-
menan pfi kombinaci s kognitivné-behavioralnimi pfistu-
py."®3 To podporuje koncept, Ze relaxace uc¢inné tlumi
akutni fyziologickou aktivaci, zatimco dlouhodobé kont-
rola hypertenze vyZzaduje soucasnou zménu kognitivnich
a behavioralnich vzorca.

Intervence zaloZzené na vSimavosti (mindfulness-based
interventions, MBI) se v poslednich letech profiluji jako
perspektivni doplnék 1é¢by hypertenze. Rada studii pro-
kazala statisticky vyznamné snizeni systolického krevni-
ho tlaku, redukci stresu a zlepseni kvality Zivota.'®20-2
Mechanismus jejich uc¢inku je komplexni a zahrnuje ne-
jen snizeni stresové reaktivity, ale také podporu sebere-
gulace, akceptace onemocnéni a dlouhodobé adherence
k 1écbé.>*5! Zajimavym zjisténim je, ze mindfulness inter-
vence mohou mit silnéjsi biologicky efekt na zanétlivé
markery nez KBT,' av3ak jejich uc¢innost na krevni tlak
se zda byt vyraznéjsi u pacientl soucasné lécenych far-
makoterapii.*

Z hlediska formy realizace intervenci je nutné rozli-
Sovat mezi klasickymi psychologickymi postupy a SirSimi
behavioralnimi ¢i edukativnimi programy realizovanymi
digitalni cestou. Studie vyuzivajici e-counseling?” byly pri-
marné zaméreny na podporu rezimovych opatfeni a ad-
herence k |é¢bé, pricemz psychologické techniky slouzily
spiSe jako podpurny nastroj zmény chovani. Digitalni for-
ma proto nemusi byt vhodna pro vSechny pacienty a jeji
indikace by méla zohledriovat individudlIni preference, Zi-
votni styl a miru jiz existujici zatéZe spojené s praci u poci-
tace. Pfesto mlze e-Health predstavovat pfinosnou alter-
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nativu pro pacienty s omezenou dostupnosti péce nebo
snizenou mobilitou.

Vysledky prehledu dédle podtrhuji vyznam individuali-
zace psychologickych intervenci. Analyza psychobehavio-
rélnich profild naznacuje, Zze odpovéd na intervenci se
muze lisit podle psychologického a behavioralniho profilu
pacienta. U adaptivné pfizpUsobenych pacientt byl po 12
mésicich prokazan vyznamny pokles STK, zatimco u afek-
tivné distresované skupiny nebylo mozné efekt vzhledem
k dostupnym datiam statisticky spolehlivé vyhodnotit.

Metodologickd omezeni

Navzdory slibnym vysledk{m je nutné zohlednit metodo-
logickd omezeni zahrnutych studii, zejména jejich krat-
kodoby charakter, heterogenitu intervenci a relativné
malé velikosti vzorku. Tyto faktory limituji zobecnitelnost
zavéru a zdaraznuji potiebu dalsich dlouhodobych, me-
todologicky kvalitnich studii zaméfenych nejen na zmény
krevniho tlaku, ale i na klinicky vyznamné vystupy, jako je
vyskyt kardiovaskularnich komplikaci.

Zavér

Psychologické intervence mohou predstavovat ucinny
a klinicky relevantni doplnék standardni 1é¢by arterialni
hypertenze a odpovidaji sou¢asnému biopsychosocialni-
mu pojeti tohoto onemocnéni. Vysledky zahrnutych stu-
dii ukazuji, Ze zejména kognitivné-behaviordlni terapie,
intervence zaloZzené na viimavosti a strukturované rela-
xacni techniky mohou pfrispivat ke zlepseni kontroly krev-
niho tlaku, psychické pohody, adherence k Ié¢bé a kvality
Zivota pacientu.

Dostupné vysledky rovnéz naznacuji, ze pfiznivy efekt
psychologickych intervenci mize pretrvévat i pfi dlouho-
dobém sledovani. Ve dvouleté studii bylo vedle snizeni
krevniho tlaku a zlep3eni kvality Zivota zaznamenano
také snizeni vyskytu cévnich mozkovych pfihod. Vzhle-
dem k omezenému poctu dlouhodobych studii je vsak
tfeba tyto vysledky interpretovat obezietné.

Psychologickd intervence neni univerzalnim fesenim
pro vsechny pacienty s hypertenzi. Jeji vyuziti by mélo
vychazet z individudlnich potfeb pacienta a z pfitomnos-
ti psychickych ¢i behaviordlnich faktord, které mohou
ovliviiovat kontrolu krevniho tlaku, zvladani onemocnéni
nebo adherenci k [é¢bé.

Pro klinickou praxi Ize zvazit psychologickou intervenci
zejména u nasledujicich skupin pacienta:

1. Pacienti s afektivnim distresem — osoby s pfitomny-
mi symptomy deprese, Uzkosti nebo vysokou mirou
subjektivné vnimaného stresu. K jejich identifikaci
Ize vyuzit kratké screeningové nastroje (napf. PHQ-9,
GAD-7) nebo cileny klinicky rozhovor. U téchto pa-
cientl lze zvazit zejména kognitivné-behavioralni
pfistupy nebo intervence zaloZzené na vSimavosti.

2. Pacienti s nizkou adherenci k 1é¢bé — zejména pokud
se na nedostate¢ném dodrzovani lé¢ebného rezimu
podili nizkd motivace, obtize se zménou zdravotni-
ho chovani nebo maladaptivni presvédceni o nemoci

a lécbé. Psychologickd intervence mize byt zamére-
na na podporu zmény zdravotniho chovani, posileni
sebeucinnosti a dlouhodobé adherence.

3. Pacienti s vysokou stresovou reaktivitou — jedin-
Ci, U nichz je patrna souvislost mezi emocni zatézi,
pracovnim stresem ¢i konfliktnimi situacemi a opa-
kovanou elevaci krevniho tlaku. Vhodné mohou byt
programy zvladani stresu, mindfulness a relaxa¢ni
techniky, pripadné jejich kombinace s kognitivné-be-
havioralnimi pfistupy.

4. Pacienti s opakované neuspokojivou kontrolou krev-
niho tlaku, u nichz mohou hrat vyznamnou roli psy-
chické a behavioralni faktory — u téchto pacientt Ize
psychologické vysetfeni nebo konzultaci zvazit jako
soucast komplexniho managementu onemocnéni.

Budouci vyzkum by se mél zaméfit na standardiza-
ci psychologickych intervenci, identifikaci faktord, kte-
ré mohou predpovidat jejich uc¢innost, a predeviim na
dlouhodobé studie sledujici nejen zmény krevniho tlaku
a psychologickych ukazatelu, ale také klinicky vyznamné
kardiovaskularni vystupy. Perspektivni oblast predstavuji
rovnéz digitalni formy intervenci, jejichz vyuziti by mélo
reflektovat individudlni potfeby, preference a moznosti
jednotlivych pacient(.

Cilené zaclenéni psychologickych postupd do komplex-
ni péce o pacienty s arteridlni hypertenzi tak mdze pfi-
spét ke zlepseni kontroly onemocnéni, psychické pohody
a kvality Zivota pacientu.

Prohlaseni autorti o mozném stretu zajmu

Autofi prohlasuji, Ze rukopis nebyl predlozen k posouze-
ni do jiného casopisu ani nebyl v jiném casopise publiko-
van. Autofi nedeklarovali Zadny stfet zajmu.

Financovani

Tato prace byla podporena grantem NW26-09-00210 ,,Vy-
tvofeni a ovéreni efektivity komunitniho skupinového
programu zaméfeného na podporu self-managementu
u seniorl s esenciadlni hypertenzi”.

Prohlaseni autort o etickych aspektech publikace

Pfi psani rukopisu byla dodrZzena etickd pravidla. Rukopis
byl prec¢ten a schvélen k publikaci viemi spoluautory, po-
Zadavky na autorstvi byly splnény.
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Ciel: Cielom studie bolo zhodnotit, ¢i velkost chlopriovej protézy po chirurgickej nahrade aortalnej chlopne
(SAVR) ovplyvriuje rozsah reverznej remodelécie lavej komory, a to aj pri nepritomnosti nezhody medzi
pacientom a protézou.
Material a metddy: Do studie bolo zaradenych 216 pacientov, ktori v obdobi od januara 2021 do decem-
bra 2024 podstupili izolovanu primarnu SAVR pre aortalnu stendézu s pouzitim jedného modelu chlopriovej
protézy a ktori nemali predoperacne ani pooperacne pritomnu fibrilaciu predsieni. Echokardiografické pa-
rametre boli hodnotené predoperacne a jeden rok po operdcii. Zmeny remodelacie lavej komory boli analy-
zované vo vztahu k indexovanej geometrickej ploche Ustia protézy (iGOA).
Vysledky: Pri jednoro¢nej kontrole bolo zaznamenané vyznamné zlepsenie takmer vietkych echokardiogra-
fickych parametrov. Vacsia iGOA bola vyznamne spojena s echokardiograficky zaznamenanym vacsim néras-
tom indexovanej plochy aortalnej protézy (iAVA) (B = 0,321; 95% Cl 0,134-0,509; p = 0,004) a s vyraznejsim
zmensenim indexovaného end-systolického a end-diastolického rozmeru lavej komory (iLVeSD a iLVeDD)
(B =-6,578; 95% Cl -13,071 az -0,086; p = 0,047 a B = -2,48; 95% Cl -4,815 az -0,144; p = 0,038). Pri vacsej
chlopriovej protéze sa pozoroval aj statisticky nevyznamny trend k vyraznejSiemu zlepseniu ejekénej frakcie
[avej komory (LVEF), k vacsiemu poklesu indexovanej hmotnosti lavej komory (LVMi) a indexovanému obje-
mu lavej predsiene (LAVi).
Zaver: Pouzitie vaciej chlopriovej protézy pri SAVR je spojené s vyraznejSou reverznou remodeléciou lavej
komory, a to aj pri nepritomnosti nezhody medzi pacientom a protézou. Statisticky vyznamny vplyv na krét-
kodobé prezivanie sa nepreukazal.

© 2026, CKS.

ABSTRACT

Aim: This study aimed to evaluate whether valve prosthesis size after surgical aortic valve replacement
(SAVR), even in the absence of patient-prosthesis mismatch, influences the magnitude of reverse left vent-
ricular remodeling.

Material and methods: A total of 216 patients undergoing isolated SAVR for native AS with a single pro-
sthetic valve model and without preoperative or postoperative atrial fibrillation between January 2021 and
December 2024 were included. Echocardiographic parameters were assessed preoperatively and at 1-year
follow-up. Changes in left ventricular remodeling were analyzed in relation to indexed geometric orifice
area (iGOA).

Results: At 1-year follow-up, significant improvement was observed in nearly all echocardiographic para-
meters. Larger iGOA was significantly associated with an increase in indexed aortic valve area difference (B
=0.321, 95% Cl 0.134-0.509; p = 0.004) and greater reductions in indexed left ventricular end-systolic and
end-diastolic diameters (iLVeSD and iLVeDD) (B = -6.578, 95% Cl -13.071 to -0.086, p = 0.047; B = -2.48,
95% Cl -4.815 to -0.144, p = 0.038; respectively). A nonsignificant trend toward greater improvement in left
ventricle ejection fraction (LVEF) and greater reductions in left ventricle mass index (LVMi) and left atrium
volume index (LAVi) was also observed with larger valve prosthesis.

Conclusion: Larger prosthetic valve size during SAVR is associated with more pronounced reverse left vent-
ricular remodeling, even in the absence of patient-prosthesis mismatch. No statistically significant effect on
short-term survival was observed.
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Introduction

Aortic stenosis (AS) represents the most prevalent valvu-
lar heart disease in Western countries.' The incidence of
this valvular disease increases with age, affecting appro-
ximately 2% of individuals older than 65 years and up to
12% of the population older than 75 years.* According
to current European Association for Cardio-Thoracic Sur-
gery (EACTS) guidelines, valve intervention (either surgi-
cal or transcatheter) is primarily indicated at an advanced
stage of the disease.* However, increasing evidence su-
ggests that significant myocardial alterations occur alrea-
dy in the preclinical stages of AS, with increased afterload
triggering left ventricular remodeling before the onset
of clinical symptoms.>¢ Sustained pressure overload and
altered hemodynamics lead to the classical development
of left ventricular (LV) hypertrophy.>”# Impaired myocar-
dial perfusion due to supply-demand mismatch promotes
myocyte loss and fibrosis, with irreversible replacement
fibrosis and partially reversible diffuse fibrosis.> LV remo-
deling leads to deterioration of both systolic and diastolic
LV function.’

Aortic valve (AV) replacement (AVR) remains the gold
standard of treatment for symptomatic severe AS. It is the
most frequently performed valvular intervention, with
approximately 280,000 procedures performed worldwide
each year." AVR effectively eliminates left ventricular out-
flow obstruction. This results in a significant reduction of
the transvalvular pressure gradient. The decrease in after-
load is expected to initiate reverse left ventricular remod-
eling (RLVR).>#8° The extent of this reverse remodeling
appears to depend on the degree of afterload reduction
and on the presence of potentially reversible myocardial
changes prior to the intervention. However, echocardio-
graphic follow-up at 1 year after surgical or transcatheter
AV replacement in the PARTNER 2 trial demonstrated
improvement in the stage of cardiac damage in 16% of
patients, no change in 58%, and worsening in 27%.3 This
suggests that reverse remodeling is a complex process
dependent on multiple factors, including changes at the
subcellular level.”

An important determinant of outcomes after AVR is
the size of the implanted prosthetic valve, as reflected by
the postoperative indexed aortic valve area (iAVA). Nu-
merous studies have reported worse outcomes when the
iAVA after AVR is <0.65 cm?/m2, a condition defined as
severe patient—prosthesis mismatch (PPM)."-'* However,
the PARTNER studies did not demonstrate impaired sur-
vival in patients with measured moderate PPM, defined
by an measured iAVA between 0.65 and 0.85 cm?/m2."3
Moreover, some studies have reported a lower incidence
of reoperation in patients with moderate PPM compared
not only with those with severe PPM but also with pa-
tients without PPM (iIAVA >0.85 cm2/m2)."? In contrast,
our previous study demonstrated preferentially better
survival in patients with larger iAVA of a bioprosthetic
valve compared with those with iAVA values at the bor-
derline between moderate PPM and no PPM." It is there-
fore notable that further increases in iAVA beyond the
thresholds defining PPM are associated with more favor-
able myocardial adaptation and more pronounced RLVR.
Therefore, this study aimed to determine whether pros-

thetic valve size after surgical AVR, even in the absence of
standard PPM criteria, influences the magnitude of RLVR.

Material and methods

This retrospective observational study included all pati-
ents who underwent surgical aortic valve replacement
at our department between January 2021 and Decem-
ber 2024. Patients who underwent concomitant cardiac
surgical procedures were excluded. Patients undergoing
redo aortic valve surgery and those in whom surgery was
not indicated for native aortic valve stenosis were exclu-
ded subsequently. Data regarding the type of implanted
prosthetic valve and the presence of preoperative and
postoperative atrial fibrillation were obtained through
a review of medical records. To ensure homogeneity of
the hemodynamic properties of the implanted valve, the
most frequently used prosthetic valve model was identi-
fied. All patients who received a prosthetic valve other
than this most commonly implanted model were subse-
quently excluded. Furthermore, to achieve homogeneity
in left ventricular response to post-operative hemodyna-
mics following aortic valve replacement, patients with
preoperative or postoperative permanent or persistent
atrial fibrillation were excluded. Ultimately, only pati-
ents who underwent isolated surgical aortic valve repla-
cement with a single prosthetic valve model for native
aortic valve stenosis and without preoperative or post-
operative permanent or persistent atrial fibrillation were
included in the final analysis.

The following preoperative and operative data were
obtained for all patients through a review of medical re-
cords: age at the time of surgery, use of a minimally inva-
sive approach via partial upper ministernotomy (PUMS),
cardiopulmonary bypass (CPB) time, aortic cross-clamp
time, need for postoperative surgical re-exploration, size
of the implanted prosthetic valve (mm), length of hospital
stay, body mass index (BMI), and the presence of diabe-
tes mellitus, hepatopathy, chronic obstructive pulmonary
disease (COPD), and a history of stroke. Based on the size
of the implanted prosthetic valve and the patient’s body
surface area (BSA) at the time of the surgery, the indexed
geometric orifice area (iGOA) was calculated for each
patient. Echocardiographic (ECHO) parameters were ob-
tained at two time points: preoperatively and at 1-year
follow-up. The following ECHO variables were analyzed:
left atrial (LA) diameter, left ventricular ejection fraction
(LVEF), mean transaortic gradient, peak transaortic gra-
dient, peak aortic jet velocity, interventricular septal di-
ameter (IVSD), indexed left atrial volume (LAVi), the E/e’
ratio (the e’ value was calculated as the average of me-
dial and lateral e’ velocities), ECHO derived indexed aortic
valve area (iIAVA), indexed left ventricular end-systolic di-
ameter (iLVeSD), and indexed left ventricular end-diastol-
ic diameter (iLVeDD). Finally, left ventricular mass index
(LVMi) was calculated both preoperatively and at follow-
up. Changes in ECHO parameters were expressed as the
difference (A) between values obtained at 1-year follow-
up and those measured preoperatively. Patient survival
was determined using publicly available data based on
the patients’ health insurance records.
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Results are presented as the number of positive cas-
es/total number of patients (percentage) for qualitative
variables and as mean = standard deviation for quanti-
tative variables. Differences between preoperative and
postoperative ECHO parameters were assessed using
a paired Student’s t-test. The association between iGOA
and changes in ECHO parameters was evaluated using
linear regression analysis. The impact of iGOA on patient
survival was assessed using Cox proportional hazards re-
gression analysis. Statistical analyses were performed us-
ing Microsoft Excel and IBM SPSS Statistics, version 20,
with a significance level set at p <0.05.

Results

A total of 910 patients who underwent AVR between Ja-
nuary 2021 and December 2024 were initially identified.
After exclusion of patients who underwent concomitant
cardiac surgery, those undergoing redo aortic valve sur-
gery, and those operated on for indications other than

aortic stenosis, 327 patients remained. The most fre-
quently implanted prosthetic valve model was used in
238 patients from this cohort. Among these, permanent
or persistent atrial fibrillation (AF) was identified preope-
ratively or postoperatively in 22 patients (Fig. 1). Conse-
quently, the final statistical analysis included 216 patients
in whom preoperative and operative characteristics, as
well as ECHO parameters obtained preoperatively and at
1-year follow-up, were evaluated. In this cohort, changes
in ECHO parameters and patient survival were further
analyzed in relation to the iGOA.

Preoperative and operative characteristics of the study
population are summarized in Table 1. When changes in
ECHO parameters were evaluated (1 year after surgery
versus preoperatively), statistically significant differences
were observed in 10 of the 11 assessed variables. A sig-
nificant reduction in left atrial diameter of 1.44 mm was
noted, along with an increase in LVEF of 2.44%. Mean and
peak transaortic pressure gradients decreased significantly
by 37 mmHg and 61 mmHg, respectively, accompanied by
a reduction in peak aortic jet velocity of 2.11 m/s. Interven-

Table 1 - Preoperative parameters and comparison of echocardiographic measurements obtained preoperatively and 1 year after aortic

valve replacement

Clinical parameter

Preoperatively

Age 66.54 + 7.36
PUMS 76/216 (35%)
CPB time (min) 85.18 + 22.27
Clamp time (min) 69.39 + 16.25
Surg. revision 13/216 (6%)
Prothesis size (mm) 22.29 + 1.67
Hospitalization (days) 10.56 + 4.8
BMI (m%kg) 31.58 + 17.88
Diabetes mellitus 62/216 (29%)
Hepatopathy 30/216 (14%)
Stroke history 13/216 (6%)
COPD 28/216 (13%)
Preoperatively
LA diameter (mm) 42.44 + 6.32
LVEF (%) 55.02 +9.4
Mean grad. AV (mmHg) 52.26 + 19.25
Peak grad. AV (mmHg) 87.46 + 28.59
V__ AV (m/s) 4.61+0.73
IVSD (mm) 13.95 + 2.35
LAVi (mL/m?) 39.91 + 13.45
E/avrg €’ 10.15 £ 3.78
iAVA (cm?/m?) 0.37 £ 0.1
iLveSD (mm/m? 17.96 + 4.93
iLveDD (mm/m?) 25.23 +3.63
LVMi (g/m?) 130.27 + 41.06

1 year after surgery p

41.00 £ 6.02 <0.0001
57.46 + 6.24 <0.0001
14.80+5.19 <0.0001
26.39 + 9.58 <0.0001
2.5 + 0.46 <0.0001
12.35 + 2.01 <0.0001
38.17 £ 10.69 0.4519
9.21 £ 3.26 0.0064
0.78 £ 0.19 <0.0001
15.91 + 3.19 0.0035
24.78 £ 2.77 <0.0001
99.06 + 22.66 <0.0001

AV - aortic valve; BMI - body mass index; CPB - cardiopulmonary bypass; iAVA — indexed aortic valve area; iLVeDD - indexed left ventricular
end-diastolic diameter; iLVeSD - indexed left ventricular end-systolic diameter; IVSD - interventricular septal diameter; LA - left atrium;
LAVi - indexed left atrial volume; LVEF - left ventricular ejection fraction; PUMS - partial upper ministernotomy; V__ AV - peak aortic jet velocity.

max
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Patients underwent AVR from January 2021 to December 2024 (n = 910).

A 4

Isolated AVR (n = 472).

A 4

— Concomitant AVR with other cardiac procedures (n = 438).

— Non-primary surgery and/or surgery for AR (n = 145).

Isolated primary AVR for aortic stenosis (n = 327).

A 4

— Other bioprosthesis or mechanical prostheses used (n = 89).

Isolated primary AVR for AS using a single prosthesis type only (n = 238).

A 4

— Patients with AF preoperatively or persistent/permanent POAF (n = 22).

Final study cohort - primary isolated AVR for AS with a single biological
prosthesis model and without preoperative or postoperative
persistent/permanent AF (n = 216).

Fig. 1 - Patient flow diagram showing cohort selection with inclusion and exclusion criteria. AF - atrial fibrillation; AR - aortic regurgitation;
AS - aortic stenosis; AVR - aortic valve replacement; POAF - postoperative atrial fibrillation.

tricular septal thickness decreased by 1.6 mm, and the E/e’
ratio declined by 0.89, calculated as the average of medial
and lateral e’ velocities. The iIAVA more than doubled com-
pared with preoperative values, increasing by 0.41 cm?/m2.
Indexed left ventricular end-systolic and end-diastolic di-
ameters decreased by 2.02 and 0.45 mm/m2, respectively.
A significant reduction in LVMi was observed, decreasing
from 130.27 + 41.06 g/m?2 preoperatively to 99.06 + 22.66 g/

m2 at 1-year follow-up, corresponding to a mean reduction
of 29.33 g/m2 (p <0.0001). No statistically significant change
was observed in LAVi, which showed a nonsignificant re-
duction of 1.74 mL/m? (Table 1).

Assessment of the impact of iGOA on changes in ECHO
parameters identified three variables whose changes
were significantly associated with prosthetic valve size,
as reflected by iGOA. Larger iGOA was associated with
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ALA ' Discussion
A LVEF —_—— Imaging modalities for the assessment of reverse
left ventricular remodeling
AIVSD -+ Transthoracic ECHO represents the gold standard for the
A LAVI * diagnosis of aortic stenosis as well as for the assessment
of the compensatory left ventricular response to this con-
A Elavrg €' —— dition. Moreover, it is a well-established modality for
. evaluating the extent of RLVR following AVR.> In additi-
ATAVA ¢ on to standard parameters, which were also included in
A iLVeSD —_—— the present study, left ventricle global longitudinal strain
has recently been incorporated among parameters used
AiLveDD - to identify and quantity RLVR.6'® Another modality for
A LVMi N the assessment of reverse remodeling is cardiac magnetic
v . .
resonance imaging (MRI).5"7 The presence of reverse re-
45 230 15 0 modeling is defined by a >15% reduction in end-diastolic

Fig. 3 - Graphical representation of the linear regression between
prosthesis iGOA and 1-year changes in left atrial and left ventricu-
lar echocardiographic parameters.

a significantly greater increase in iAVA (B = 0.321,
95% Cl 0.134-0.509; p = 0.004) and with significantly
greater reductions in iLVeSD and iLVeDD (B = -6.578,
95% Cl —13.071 to -0.086, p = 0.047; B = -2.48, 95% Cl
-4.815 to -0.144, p = 0.038; respectively) (Table 2, Figs
2, 3). Borderline associations were observed between
iGOA and increase in LVEF (B = 4.566, 95% Cl| -0.513
to 9.645, p = 0.078), as well as reduction in LAVi (B =
-14.114, 95% Cl -28.317 to -0.089, p = 0.051). A nu-
merically greater, but not statistically significant, re-
duction in LVMi was also observed in patients receiving
a valve prosthesis with larger iGOA (B = -18.083; 95%
Cl -41.461 to 5.296; p = 0.128) (Table 2, Figs 3, 4). No
significant association was found between iGOA and
changes in LA diameter, IVSD or the E/e’ ratio (Table 2,
Figs 3, 4). Cox regression analysis did not demonstrate
a statistically significant effect of prosthetic valve size,
as defined by iGOA, on short-term patient survival (HT
= 1.138, 95% Cl 0.012-1.649, p = 0.118) (Fig. 5).

volume, a >15% decrease in indexed left ventricular mass,
a>10% reduction in geometric remodeling (LV mass/end-
-diastolic volume ratio), or a >10% increase in left ventri-
cular ejection fraction (LVMi)."® LVMi has also been eva-
luated in studies using ECHO, where it is mathematically
derived from IVSD, LVeDD, and posterior wall thickness.®
The same calculation method was applied in the present
study. The literature reports a reduction in LVMi from
123.6 + 32.1 to 109.7 + 28.9 g/m? three months after
TAVL.® Notably, our results demonstrate a slightly more
pronounced reduction (mean decrease of 29.33 g/m?)
one year after surgical AVR. Cardiac magnetic resonan-
ce imaging allows differentiation of left ventricular mass
regression into cellular and extracellular components.
Using this approach, a predominantly cellular regression
of 18.7% and a smaller contribution from extracellular
mass regression of 7.2% have been documented two
months after aortic valve replacement."”

Echocardiographic markers of reverse remodeling

The first group of parameters that directly quantify impro-
vement in hemodynamic conditions after aortic valve repla-
cement includes aortic valve area (AVA), transaortic pressu-
re gradients, and blood flow velocity across the prosthesis.
An increase in AVA has been documented following both

Table 2 - Linear regression analysis of the association between iGOA of implanted valve prosthesis and changes in left atrial and left

ventricular ECHO parameters (1-year postoperative minus preoperative)

Coef.
A LA diameter (mM) -1.376
A LVEF (%) 4.566
A IVSD (mM) -0.033
A LAVi (mL/m?) -14.114
A Elavrg e’ -0.592
A IAVA (cm?/m?) 0.321
A iLVeSD (mm/m?) -6.578
A iLVeDD (mm/m?) -2.48
A LVMi (g/m2) -18.083

95% Cl

Lower Upper g
-5.703 2.951 0.53
-0.513 9.645 0.078
-1.694 1.629 0.969
-28.317 0.089 0.051
-3.721 2.537 0.708
0.134 0.509 0.001
-13.071 -0.086 0.047
-4.815 -0.144 0.038
-41.461 -5.296 0.128

iAVA - indexed aortic valve area; iLVeDD - indexed left ventricular end-diastolic diameter; iLVeSD - indexed left ventricular end-systolic dia-

meter; IVSD - interventricular septal diameter; LA - left atrium; LAVi -

indexed left atrial volume; LVEF - left ventricular ejection fraction.
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Fig. 4 - Scatter plots with linear regression lines showing the associations between prosthesis iGOA and 1-year changes in ALA diameter,
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Fig. 5 - Kaplan-Meier analysis of survival with Cox regression anal-
ysis of the effect of iGOA on survival (HR = 1.138, 95% CI 0.012-
1.649, p = 0.118).

surgical aortic valve replacement (SAVR) and transcatheter
aortic valve implantation (TAVI). A meta-analysis including
data from 27 studies reported a mean AVA increase of 0.99
cm? after TAVI and 1.19 cm? after SAVR, which is consistent

with our findings of an increase in iAVA of 0.41 cm?/m? at
a mean body surface area (BSA) of 1.98 + 0.21 m2 (unpub-
lished data).> The above-mentioned meta-analysis further
reported a mean reduction in the transaortic mean pre-
ssure gradient of 38.23 mmHg, which closely corresponds
to the reduction of 37 mmHg observed in our study.> Even
smaller studies focusing on reverse remodeling after tran-
scatheter or surgical AVR have documented an increase in
aortic valve area of 0.9-1.11 cm? and reductions in mean
and peak transaortic gradients of 35-46 and 33-69 mmHg,
respectively.5'%2 These findings are consistent with the re-
sults observed in our study.

Secondary parameters reflecting reverse left ventricular
remodeling most commonly include LVEF and LVeDD. This
pattern of remodeling is specifically associated with chang-
es related to aortic stenosis and differs from the remodel-
ing observed in other aortic valve pathologies.?’ A meta-
analysis including 37 studies reported a mean increase in
LVEF of 2.35% after AVR, independent of the time interval
from surgery within a range of one month to one year, as
well as a mean reduction in LVeDD of 1.78 mm, with the
most pronounced decrease documented at six months after
the procedure.’® In the present study, a significant increase
in LVEF of 2.44% and a reduction in indexed left ventricu-
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lar end-diastolic diameter of 0.45 mm/m2 at a mean BSA
of 1.98 + 0.21 m2 were observed. Thus, our findings are
consistent with the results of the meta-analysis, despite
a slightly less pronounced reduction in LVeDD. In contrast,
compared with the present study, smaller studies assessing
patients as early as the first three months after TAVI did
not document a positive effect on improvements in LVEF
or LVeSD and LVeDD.®?® One of these studies also docu-
mented a reduction in IVSD of 1.4 mm, which was similar
to that observed in our study.® Other parameters evaluated
in some studies include left ventricular volume, for which
a significant reduction has also been reported following
AVR.> More recent studies have increasingly evaluated left
ventricular global longitudinal strain, the change of which
after aortic valve replacement appears to be a more sensi-
tive predictor of long-term patient survival compared with
LVEF.5'® Assessment of left ventricular hypertrophy and
its reverse remodeling may be further influenced by co-
morbidities, particularly arterial hypertension, the effects
of which on the left ventricle resemble those observed in
aortic stenosis.® Some studies have differentiated left ven-
tricular remodeling according to etiology, demonstrating
that AS predominantly leads to a shift of the LV left-right
axis with a decrease in short-axis eccentricity, whereas
hypertension is more commonly associated with septal
thickening. Furthermore, it has been documented that the
left-right axis shift is not reversible following AVR.? Such
complex assessments require prospective inclusion of these
parameters, which was not feasible in the present retro-
spective analysis. Another group of parameters includes
echocardiographic measures directly quantifying diastolic
dysfunction. Among the most objective parameters of left
ventricular diastolic dysfunction is the E/e’ ratio, with more
recent data suggesting that averaged e’ provides greater
diagnostic accuracy than assessment of septal or lateral e’
alone. In our study, this approach confirmed a favorable
effect of aortic valve replacement on the E/e’ ratio, where-
as not all previous studies have reported similar findings.¢

Echocardiographic changes reflecting reverse left
ventricular remodeling can be detected as early as one
month after aortic valve replacement.> However, the tem-
poral evolution of several ECHO parameters during the
first year after surgery may be inconsistent. According
to a meta-analysis focused on left ventricular remodel-
ing after aortic valve replacement, a more pronounced
reduction in LVM and LVeDD has been documented at six
months compared with measurements obtained at three
and twelve months following the procedure.® On the
other hand, other authors have suggested that changes
observed three months after TAVI may already be very
similar to the final extent of reverse remodeling observed
one year after the intervention. However, their study did
not demonstrate reductions in LVeSD and LVeDD, nor im-
provements in LVEF or the E/e’ ratio three months after
TAVL.8 In contrast, our study, which assessed ECHO param-
eters one year after SAVR, demonstrated a positive effect
of surgical intervention across these parameters.

Prosthesis size and reverse remodeling

Patient—prosthesis mismatch (PPM) was first described
in 1978 by Rahimtoola and represents an imbalance be-
tween the hemodynamic performance of the implanted

prosthetic valve and the patient’s cardiac output requi-
rements. As outlined in the Introduction, severe PPM is
typically defined by an indexed effective orifice area of
less than 0.65 cm2?/m2.'%'" In the presence of patient—pro-
sthesis mismatch, the prosthetic valve functions normally
but provides a relatively small effective orifice area in re-
lation to the patient’s body surface area, and this conditi-
on may occur after both surgical and transcatheter aortic
valve replacement.?? PARTNER studies that also evaluated
patient—prosthesis mismatch identified only ECHO de-
fined severe PPM as a risk factor for a higher incidence
of primary endpoints, including death and hospitalizati-
on for heart failure. A statistically significant difference
was demonstrated not only in comparison with no PPM
(severe PPM vs. no PPM, p <0.001) but also in compari-
son with moderate PPM (severe PPM vs. moderate PPM,
p = 0.02)." One smaller study even reported a higher in-
cidence of reoperation in patients without PPM compa-
red with those with moderate PPM (10-year cumulative
incidence of reoperation: 8.3% for no PPM vs. 6.7% for
moderate PPM)."? Previous studies have more frequently
focused on the impact of PPM on postoperative outcomes
rather than on the effect of absolute prosthetic valve size
or iGOA beyond the threshold of PPM. In contrast to the
aforementioned lower risk of reoperation observed in
patients with moderate PPM compared with those with
larger aortic valve area, functional outcomes appear less
favorable. A smaller increase in LVEF has been repor-
ted in patients with PPM compared with those without
PPM one year after TAVI (1.9 £ 21.3% vs. 8.2 + 30.1%,
p = 0.045). In addition, a statistically significant effect on
left ventricle global longitudinal strain has been docu-
mented.'® The presence of patient-prosthesis mismatch
is associated with worse survival after aortic valve repla-
cement (hazard ratio 3.56, 95% ClI 1.37-9.25; p = 0.009),
a finding that is widely accepted and well documented in
the scientific literature. In the present cohort, however,
only 4 of 216 patients exhibited a postoperative aortic
valve area measured by ECHO <0.85 cm?, and thus 98%
of patients did not meet the criteria for PPM (unpub-
lished data). Consequently, the present study focuses on
evaluating the effect of iGOA above the PPM threshold.
Direct comparison with studies primarily addressing PPM
may therefore be limited and should be interpreted with
caution. In our previous study, we demonstrated that im-
plantation of a larger bioprosthetic valve was associated
with better survival compared with a smaller bioprosthe-
tic valve, even beyond the thresholds defining patient-
prosthesis mismatch. In contrast, this association was not
observed for mechanical prostheses.'” The literature indi-
cates that patient—-prosthesis mismatch is associated with
a 2.5-fold increase in the risk of structural valve deterio-
ration." 2 This may subsequently adversely affect patient
survival even in the absence of an impact on early post-
operative reverse left ventricular remodeling. It therefore
remained unclear whether smaller prosthetic valves lead
to insufficient reverse myocardial remodeling or whether
they are more prone to structural valve deterioration
with subsequent recurrence of aortic stenosis. Our results
demonstrate that, in the absence of PPM, larger indexed
geometric orifice area of the implanted prosthesis is asso-
ciated with greater improvement in parameters of RLVR,
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particularly LVeSD and LVeDD, and borderline improve-
ment in LVEF, compared with smaller iGOA. Based on this
favorable remodeling effect, a subsequent beneficial im-
pact on the incidence of heart failure and long-term sur-
vival may be anticipated, despite the absence of a detec-
table effect on short-term survival in the present study.

Conclusion

ECHO assessment performed one year after AVR for AS
demonstrated a statistically significant improvement in
iAVA, mean and peak transaortic pressure gradients, and
a reduction in aortic valve jet velocity. The observed chan-
ges further indicate the presence of reverse left ventricu-
lar remodeling, documented by a statistically significant
increase in LVEF and reductions in IVSD, iLVeSD, iLVeDD,
and LVMi. Improvements in left atrial parameters were
also observed, reflected by a reduction in left atrial dia-
meter, along with improved left ventricular diastolic fi-
lling as indicated by a statistically significant decrease in
the E/e’ ratio.

The present study confirms a beneficial effect of im-
plantation of a larger valve prosthesis on more pro-
nounced improvements in several left heart parameters,
particularly iLVeSD and iLVeDD, with borderline but not
statistically significant effects on LVEF and LAVi. Similarly,
a nonsignificant trend toward greater LVMi reduction
was observed with larger iGOA. However, no positive ef-
fect of larger prosthetic valve implantation on short-term
patient survival was demonstrated.
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Cil: Cilem studie bylo analyzovat patofyziologické mechanismy, elektrokardiografické projevy a terapeu-
tické pristupy souvisejici s komorovymi arytmiemi zplsobenymi elektrolytovou nerovnovahou, se zvlastnim
dirazem na poruchy drasliku, hof¢iku a vapniku a jejich roli v arytmogenezi a klinickém hodnoceni rizika.
Soubor a metodika: Systematicky prehled literatury byl proveden v souladu s doporucenimi PRISMA 2020.
Védecké publikace z let 2019-2025 byly vyhledavany v databézich PubMed/MEDLINE, Scopus, Web of Sci-
ence a Google Scholar. Vyzkumna otazka byla strukturovana pomoci ramce PICO se zaméfenim na dospélé
pacienty s poruchami elektrolytd a rozvojem komorovych arytmii. Z plvodné identifikovanych 1 847 zdzna-
mU byly po vicestupfiovém screeningu odstranény duplicity a nerelevantni studie. Padesat dva publikaci
splnilo kritéria pro zafazeni a bylo analyzovéno. Extrahovana data zahrnovala koncentrace elektrolyt, elek-
trofyziologické mechanismy, elektrokardiografické ukazatele, terapeutické intervence a klinické vysledky.
Vzhledem k heterogenité studii byla misto metaanalyzy pouzita tematickd syntéza.
Vysledky: Bylo zjisténo, Ze poruchy elektrolytl vyznamné ovliviiuji elektrofyziologii myokardu a zvysuji
riziko komorovych arytmii. Hypokalemie pfispivé k arytmogenezi prostfednictvim dysfunkce draslikovych
kandl( a prodlouzeni repolarizace, coz podporuje vznik ¢asnych a opozdénych naslednych depolarizaci.
Nerovnovéha hof¢iku a vépniku ovliviiuje L-typ vépnikovych kanélt a ryanodinové receptory, ¢imz vytvari
podminky pro polymorfni komorovou tachykardii, véetné torsades de pointes. Nejvys3i arytmogenni riziko
se vyskytuje pii kombinovaném nedostatku drasliku a hofciku (K* < 2,8 mmol/L a Mg?* < 0,6 mmol/l). Konti-
nualni monitorovani srde¢ni ¢innosti odhalilo klinicky vyznamné arytmie pfiblizné u 30 % vysoce rizikovych
pacientl ve srovnani's 6 % pfi standardnim sledovani.
Zavér: Elektrolytova nerovnovaha predstavuje vyznamny reverzibilni faktor ve vyvoji komorovych arytmii.
Vcasna laboratorni diagnostika, elektrokardiografické monitorovani a individualizované korek¢ni protoko-
ly, véetné suplementace drasliku a terapie hofcikem, jsou zésadni pro snizeni arytmického rizika a prevenci
néhlé srde¢ni smrti.

© 2026, CKS.

ABSTRACT

Aim: The aim of the study was to analyse the pathophysiological mechanisms, electrocardiographic mani-
festations, and therapeutic approaches related to ventricular arrhythmias caused by electrolyte imbalance,
with emphasis on disturbances of potassium, magnesium, and calcium and their role in arrhythmogenesis
and clinical risk assessment.

Methods: A systematic literature review was conducted following PRISMA 2020 guidelines. Scientific publi-
cations from 2019-2025 were searched in PubMed/MEDLINE, Scopus, Web of Science, and Google Scholar.
The research question was structured using the PICO framework focusing on adult patients with electrolyte
disturbances and the development of ventricular arrhythmias. From 1,847 initially identified records, dupli-
cates and irrelevant studies were excluded through multi-stage screening. Fifty-two publications met the
inclusion criteria and were analysed. Data extraction included electrolyte concentrations, electrophysiologi-
cal mechanisms, electrocardiographic indicators, therapeutic interventions, and clinical outcomes. Because
of heterogeneity among the studies, thematic synthesis was applied instead of meta-analysis.

Results: Electrolyte disturbances were found to significantly influence myocardial electrophysiology and
increase the risk of ventricular arrhythmias. Hypokalaemia contributes to arrhythmogenesis through dys-
function of potassium channels and prolongation of repolarisation, promoting early and delayed after-
depolarisations. Imbalances in magnesium and calcium affect L-type calcium channels and ryanodine re-
ceptors, creating conditions for polymorphic ventricular tachycardia, including torsades de pointes. The
highest arrhythmogenic risk occurs in combined potassium and magnesium deficiency (K* <2.8 mmol/L and
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Mg?* <0.6 mmol/L). Continuous cardiac monitoring detected clinically significant arrhythmias in approxima-
tely 30% of high-risk patients compared with 6% under standard observation.

Conclusions: Electrolyte imbalance is a major reversible factor in the development of ventricular arrhythmi-
as. Early laboratory detection, electrocardiographic monitoring, and individualised correction protocols,
including potassium supplementation and magnesium therapy, are essential for reducing arrhythmic risk
and preventing sudden cardiac death.

Introduction

Electrolyte imbalance is a common cause of life-threate-
ning ventricular arrhythmias, as changes in potassium,
magnesium, and calcium levels directly affect myocardial
electrical stability. Timely recognition and correction of
electrolyte disturbances are critical for preventing sudden
cardiac death, particularly in patients with concomitant
cardiac pathology.

The increased incidence of ventricular arrhythmias
in patients with electrolyte imbalance has been widely
documented in clinical and observational studies. In par-
ticular, disturbances in potassium, magnesium, and cal-
cium levels have been identified as key factors affecting
myocardial electrical stability and predisposing patients
to life-threatening arrhythmias. Studies conducted in pa-
tients with myocardial infarction and chronic kidney dis-
ease have demonstrated that electrolyte abnormalities
significantly increase arrhythmic risk and contribute to
adverse clinical outcomes.

At the same time, existing research has primarily fo-
cused on isolated electrolyte disturbances, especially hy-
pokalaemia, while comparatively less attention has been
given to the combined effects of multiple electrolyte im-
balances. Clinical observations indicate that interactions
between potassium, magnesium, and calcium disturbanc-
es may exert synergistic effects on arrhythmogenesis, yet
these interactions remain insufficiently systematised in
the literature.

Furthermore, several methodological limitations are
evident across existing studies, including small sample
sizes, lack of longitudinal follow-up, and limited integra-
tion of electrophysiological, clinical, and diagnostic data.
These limitations restrict the generalisability of findings
and hinder the development of a comprehensive under-
standing of arrhythmogenic mechanisms in electrolyte
imbalance.

Despite detailed pathophysiological insights, the lack
of quantitative correlations between the type of imbal-
ance and arrhythmia frequency restricts clinical applica-
bility.

The role of hypokalaemia as a cause of acquired long-
QT syndrome was illustrated by Pintaningrum and Pra-
mana’ in a clinical case of a female patient with hypo-
kalaemia and hyponatraemia who developed ventricular
arrhythmia with a prolonged QTc interval (exceeding
638 ms) according to Heart Rhythm Society standards.
Following electrolyte correction, electrocardiogram/elec-
trocardiography (ECG) parameters improved and arrhyth-
mogenic manifestations resolved. Yet, the single-case
design precluded generalisation of population-level risks.
Electrolyte profiles in patients with confirmed ventricu-
lar tachycardia or fibrillation were explored by Laslett et

al.%, comparing clinical and biochemical characteristics in
VT/VF patients with heart failure. Hypokalaemia occurred
significantly more often in the VT/VF group, with severe
hypokalaemia (K <3.0 mmol/L) linked to gastrointesti-
nal losses and higher diuretic doses. Hypomagnesaemia
was less frequent but present in both cohorts. The study
lacked follow-up data on how electrolyte correction af-
fected arrhythmia recurrence.

Inflammatory cytokines and their role in atrial fibril-
lation in Coronavirus Disease 2019 (COVID-19) patients
remain an emerging issue in cardiology. Tcholadze et
al.> conducted a retrospective cohort study at Chapidze
Hospital, Thbilisi, involving 100 inpatients aged 40-80
years with COVID-19. Significantly elevated interleukin-6
(p = 0.024), C-reactive protein (p = 0.001), and ferritin (p
<0.001) levels were found in those with atrial fibrillation,
along with longer hospitalization and lower oxygen satu-
ration. Limitations included small sample size and absence
of long-term electrolyte monitoring. Exercise testing for
detecting ventricular extrasystoles in athletes was used
to differentiate benign from potentially dangerous ar-
rhythmias. Chutkerashvili et al.® retrospectively analysed
855 athletes at Tbilisi State Medical University: 91 (10.6%)
exhibited ventricular arrhythmias on resting and/or stress
ECGs. The study demonstrated that exercise testing en-
hances screening potential by unmasking latent arrhyth-
mogenic substrates via adrenergic stimulation. However,
its retrospective nature and lack of electrolyte assessment
during exertion limited conclusions.

The long-term impact of interleukin-6 on cardiovascu-
lar outcomes post-COVID-19 was examined by Tcholadze
et al.” through a longitudinal study at Chapidze Heart
Hospital, comparing in-hospital and six-month post-re-
covery data. Elevated IL-6 levels during acute infection
correlated with increased cardiovascular risk, suggesting
that cytokine-mediated systemic inflammation exacer-
bates cardiac complications. Limitations included short
follow-up and insufficient data on electrolyte imbalance.
The historical contribution of Georgian cardiologists to
hypertension research was revisited by Pagava et al?,
which introduced the “reversible” and “latent” forms.
The study underscored that hypertension prevalence in
Georgia remains a major public health issue, though its
historical focus lacked experimental data and relevance
to electrolyte balance.

Therefore, this study aims to provide a comprehensive
and structured synthesis of current scientific evidence on
ventricular arrhythmias associated with electrolyte imbal-
ance, integrating pathophysiological mechanisms, clini-
cal manifestations, and therapeutic strategies. The study
seeks to systematize available data, identify key patterns
of arrhythmogenesis, and highlight gaps that require fur-
ther investigation.
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Materials and methods

This study is a systematic literature review conducted in
accordance with the PRISMA 2020 recommendations, co-
vering the period from 2019 to 2025 to analyse current
scientific evidence on ventricular arrhythmias in the
context of electrolyte imbalance. While the formal sys-
tematic search was limited to publications from 2019 to
2025, several earlier studies were additionally included
to provide essential theoretical and clinical background.
These sources were not part of the systematic selection
process but were incorporated selectively to support the
interpretation of mechanisms and to ensure conceptual
continuity within the analysis. The research question was
formulated using the PICO framework: in publications
investigating adult patients with electrolyte disturbances
(hypo-/hyperkalaemia, hypomagnesaemia, hypo-/hyper-
calcaemia) (P — population), how do changes in electro-
lyte concentrations influence the occurrence and progre-
ssion of ventricular arrhythmias (O — outcome) through
pathophysiological mechanisms, electrocardiographic
diagnostic criteria, and therapeutic strategies?

A systematic search was performed in PubMed/MED-
LINE, Scopus, Web of Science, and Google Scholar during
December 2024 - January 2025. The search strategy com-
bined the following terms: (“ventricular arrhythmia*” OR
“ventricular tachycardia” OR “torsades de pointes” OR
“ventricular fibrillation”) AND (“electrolyte imbalance”
OR "hypokalaemia” OR “hyperkalaemia” OR "hypo-
magnesaemia” OR “hypocalcaemia” OR “potassium” OR

Records identified from:
¢ Databases (n = 1847)
* PubMed/Medline (n = 612)

“magnesium” OR “calcium”) AND (“pathophysiology”
OR "mechanism*” OR "“diagnosis” OR “treatment” OR
“management”). In PubMed, Medical Subject Headings
(MeSH) terms were applied, including “Arrhythmias, Car-
diac/etiology” and “Water-Electrolyte Imbalance/compli-
cations”. In addition, manual searches of the reference
lists of selected articles were undertaken to identify rel-
evant sources that might have been missed by electronic
screening, including earlier foundational studies neces-
sary for contextual and theoretical clarification.

Inclusion criteria were: original studies, clinical case
reports with detailed mechanistic descriptions, system-
atic reviews, and meta-analyses published in English in
peer-reviewed journals that examined the relationship
between disturbances in potassium, magnesium, calcium,
or sodium concentrations and the development of ven-
tricular arrhythmias; studies containing quantitative or
qualitative data on electrophysiological mechanisms at
the level of ion channels, electrocardiographic markers,
or therapeutic approaches; studies in adult populations
or with findings that could be extrapolated to adults.
Exclusion criteria were: publications dealing exclusively
with atrial arrhythmias; animal studies without transla-
tional relevance to clinical practice; studies with insuffi-
cient methodological description; duplicate publications;
works in which electrolyte disturbances were only briefly
mentioned; publications in languages other than English;
and conference abstracts without full text.

The initial search identified 1,847 records across the four
databases. After a multi-stage selection process, as depict-

Records removed before screening:
¢ Duplicates removed (n = 394)

e Scopus (n =518)
¢ Web of Science (n = 489)
* Google Scholar (n = 228)

!

c
.2
=
©
=
=
=]
15
]
=

\i

¢ Records marked as irrelevant by
automation tools (n = 276)
® Records removed for other reasons (n = 0)

\

Records screened (n = 1177)

\4

Reports sought for detailed analysis

Records excluded (n = 1048)

Y

(n=129)

\4

Reports not retrieved (n = 0)

Reports excluded (n = 76):
¢ No clear data on electrolyte

Reports assessed for eligibility (n = 129)

v

Studies included in the review (n = 52):
¢ Analysis of the state of the art (n = 8)
o Systematic review (n = 44)

concentrations (n = 23)

e Focus exclusively on paediatric population
without possibility of extrapolation
(n=18)

e Absence of original data in review articles
(n=21)

e Methodological limitations with a high
risk of systematic bias (n = 14)

Y

Fig. 1 - Flow diagram of source selection for the systematic review according to PRISMA 2020 methodology. Source: compiled by the author.
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ed in Figure 1, 52 sources remained. Of the 52 studies in-
cluded after screening, 44 were incorporated into the final
systematic synthesis, while 8 were used selectively to pro-
vide contextual background and support the introductory
overview of the topic. These 8 sources were not analysed as
part of the formal systematic review but were included to
enhance the conceptual framing of the study.

Study selection was performed independently by two
reviewers using Mendeley Desktop 1.19.8 for reference
management and documentation of the process; dis-
crepancies were resolved by consensus or by consulting
a third expert.

Data extraction was carried out independently by two
reviewers using a standardised form that included: biblio-
graphic details; study design, and population characteris-
tics (sample size, age, sex, comorbidities); type and sever-
ity of electrolyte disturbance with specific concentrations
in mmol/L; pathophysiological mechanisms (identified ion
channels, changes in membrane potential, type of after-
depolarisation); clinical manifestations and diagnostic
parameters (type of ventricular arrhythmia, ECG QT/QTc
changes, wave morphology, monitoring methods); thera-
peutic interventions (route of administration, doses, infu-
sion rates, concomitant therapy); and clinical outcomes
(effectiveness of correction, recurrence rates, complica-
tions, mortality). For quantitative variables, means and
standard deviations were extracted; for categorical vari-
ables, absolute frequencies and percentages. Disagree-
ments in extracted data were resolved by re-examining
the original publication until agreement was reached.

Methodological quality of included studies was as-
sessed independently by two reviewers using validated
tools appropriate to study design. The Newcastle-Ottawa
Scale was used for observational studies, evaluating par-
ticipant selection, group comparability, and outcome as-
sessment (maximum 9 points). Case reports were assessed
with the CAse REport guidelines (CARE), evaluating com-
pleteness of history, clinical presentation, diagnosis, and
therapy. Systematic reviews were appraised using A Mea-
Surement Tool to Assess systematic Reviews (AMSTAR-2),
which assesses 16 domains of methodological quality.
Quality assessments informed the interpretation of evi-
dence reliability, identification of potential sources of
bias, and formulation of well-founded conclusions.

Due to substantial heterogeneity among the included
studies, a meta-analysis was not undertaken; instead, the-
matic synthesis was applied. Extracted data were coded
using a mixed inductive-deductive approach, assigning
initial descriptive codes to discrete information frag-
ments that were then grouped into higher-order descrip-
tive themes. In the final stage, descriptive themes were
integrated into three analytical categories: pathophysi-
ological mechanisms by which electrolyte imbalance pre-
cipitates ventricular arrhythmias; clinical manifestations
and electrocardiographic diagnosis in specific electrolyte
disorders; and therapeutic strategies for correcting imbal-
ance and pharmacological management of arrhythmias.
Quantitative parameters were summarised in compara-
tive tables of critical electrolyte concentrations, electro-
cardiographic indices, pharmacological dosages, and clin-
ical outcomes, facilitating the identification of patterns
and knowledge gaps.

Results and discussion

Pathophysiological mechanisms by which
electrolyte imbalance precipitates ventricular
arrhythmias

Between 2019 and 2025 it was established that hypoka-
laemia induced hyperpolarisation of the cardiomyocyte
resting membrane potential through reduced IK1 current
activity mediated by Kir2.1 channels. This decreased the
stability of the membrane potential and increased cellu-
lar excitability. At the molecular level, such changes were
attributable to mutations in the KCNJ2 gene, which enco-
des Kir2.1. These mutations led to structural destabilisati-
on of the channel, impairing its conductance and configu-
ration in both the open and closed states.®

Electrophysiologically, hypokalaemia prolonged the
action potential — particularly the repolarisation phase
— thereby provoking early afterdepolarisations (EADs)
through prolonged opening of L-type calcium channels.
Excessive accumulation of calcium ions in the sarcoplas-
mic reticulum resulted in their spontaneous diastolic re-
lease via ryanodine receptors (RyR2), generating delayed
afterdepolarisations (DADs) and promoting triggered ac-
tivity.'® In addition, hypokalaemia altered repolarisation
gradients across layers of the ventricular myocardium,
creating heterogeneity in action potential duration and
strengthening substrates for re-entry. Bioengineered
models based on human pluripotent stem cells showed
that hypokalaemia reduced both longitudinal and trans-
verse conduction velocities, shortened the effective re-
fractory period from 242 to 165 ms, and increased calcium
transient amplitude and action potential duration. These
changes favoured re-entry by decreasing the wavelength
of excitation and destabilising the depolarisation-repo-
larisation process.” Investigation of the functional role
of the K2P1 channel demonstrated that, under hypoka-
laemic conditions, this channel altered ion selectivity and
began to conduct inward Na* current, leading to sponta-
neous depolarisation of the resting potential, initiation
of action potentials, and development of extrasystolic
activity. In transgenic mice with cardiac expression of hu-
man K2P1, hypokalaemia more frequently led to ven-
tricular extrasystoles, paroxysmal ventricular tachycardia,
and ventricular fibrillation, confirming the arrhythmo-
genic role of this channel.’? Thus, hypokalaemia initiated
a complex set of disturbances encompassing resting po-
tential hyperpolarisation, action potential prolongation,
shortening of the refractory period, cellular calcium over-
load, and the creation of a heterogeneous electrophysi-
ological substrate conducive to re-entry. Key contributors
to these processes were changes in the function of the
Kir2.1 and K2P1 potassium channels, alongside secondary
alterations in calcium and sodium currents.

Calcium and magnesium imbalance modulated the
electrophysiological properties of ventricular cardiomy-
ocytes at the cellular level by affecting depolarisation-
repolarisation dynamics and promoting polymorphic
ventricular tachycardias of the torsades de pointes type
through several interrelated mechanisms. Mutations in
the ryanodine receptor (RyR2), the principal calcium-re-
lease channel of the sarcoplasmic reticulum, increased the
likelihood of spontaneous diastolic calcium release, elicit-
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ing DADs that act as triggers for arrhythmias. In a mouse
model with the RyR2xR2474S mutation, Borile et al.’* ob-
served synchronous calcium release in adjacent cardiomy-
ocytes, fostering electrical instability at the tissue level by
overcoming intercellular electrotonic coupling. Another
study showed that EADs can generate local regions with
a resting potential above 0 mV and, given an appropriate
tissue geometry with concave boundaries, can produce
triggered activity capable of initiating recurrent re-entry
tachycardia. Using computational modelling, Tsumoto et
al."” found that chain-like emergence of EADs in clustered
cardiomyocytes created directed electrical activity that fa-
cilitated torsades de pointes, particularly in the setting of
a prolonged QT interval.

Garcia-Cano et al.” reported in a clinical case that an
RYR2 gene mutation led to raised intracellular calcium
concentration, resulting in delayed afterdepolarisations
(DADs) and, consequently, triggered activity. This indicat-
ed dysfunction of sarcoplasmic reticulum calcium channels
and involvement of the Na*/Ca?* exchanger in arrhythmia
development. The observation suggested the possible
presence of a latent catecholaminergic polymorphic ven-
tricular tachycardia (CPVT) phenotype with a benign clini-
cal course but a propensity to arrhythmogenesis during
physical exertion. From the channelopathy perspective,
Lerman et al.’® emphasised the role of disordered calcium
homeostasis — specifically, sarcoplasmic reticulum calcium
overload and spontaneous Ca?* release — which activated
the Na*/Caz* exchanger and produced DADs. At the same
time, a reduced repolarisation reserve and increased
late plateau inward current promoted the occurrence of
EADs, which were directly implicated in the development
of torsades de pointes within the framework of long-QT
syndrome. Thus, calcium and magnesium imbalance af-
fected the function of L-type calcium channels and RyR2
receptors, fostered spontaneous calcium release, EADs
and DADs, and together created the conditions for trig-
gered activity and the emergence of polymorphic ventric-
ular tachycardia of the torsades de pointes type.

Hypernatraemia and hyponatraemia modulated the
electrophysiological properties of ventricular cardio-
myocytes by influencing the transmembrane potential,
sodium-channel function and myocardial automaticity,
notably by generating ectopic foci of excitation. Using
two detailed mathematical models of cardiomyocytes,
Verkerk and Wilders' showed in cellular electrophysiol-
ogy simulations that hypernatraemia promoted hyperpo-
larisation of the resting membrane potential, increased
the amplitude of calcium oscillations, raised the rate of
depolarisation and augmented Na*/K* pump current,
while reducing the rapid and slow delayed rectifier po-
tassium currents — ultimately prolonging the action po-
tential. Importantly, these effects were marked only at
extreme sodium levels, whereas changes were minor with
moderate deviations. Timilsina et al.”® described cases
of transient atrial fibrillation arising during correction
of chronic hypernatraemia in elderly patients without
a prior history of arrhythmia. The authors hypothesised
that sodium fluctuations during rehydration might pro-
voke atrial stretch via preload changes, activating stretch-
sensitive ion channels implicated in generating ectopic
impulses. This pointed to a link between alterations in so-

dium balance and triggered activity, although the mecha-
nism requires further confirmation.

Brown et al.' noted that even slight deviations in sodi-
um concentration can modify neuromuscular transmission
and lower the excitation threshold, while hyponatraemia
is typically associated with generalised membrane depo-
larisation and a reduced transmembrane potential dif-
ference, promoting spontaneous activity — particularly
under myocardial hypoxia or ischaemia. They emphasised
that the electrophysiological consequences of disturbed
sodium homeostasis occur in close interaction with other
electrolyte abnormalities, especially hypokalaemia and
hypocalcaemia, which together prolong repolarisation
and increase the risk of late afterdepolarisations. More-
over, in a sepsis model, Castello et al.?° showed that both
hypernatraemia and moderate to severe hyponatraemia
were associated with higher mortality at days 7 and 30.
This indicated that sodium-balance disorders induce sys-
temic changes, including effects on cardiac excitability
and automaticity, particularly in critical illness. The au-
thors highlighted that these disturbances may serve as
markers of disease severity and predict the development
of life-threatening arrhythmias. In summary, hyperna-
traemia and hyponatraemia alter the transmembrane
potential of ventricular cardiomyocytes and sodium-
channel activity, promote triggered activity and ectopic
foci — especially in combined electrolyte disturbances such
as hypokalaemia — and are therefore integrally linked to
mechanisms of arrhythmogenesis.

Combined electrolyte disturbances exerted a synergis-
ticarrhythmogenic effect at the levels of ion channels, gap
junctions, and intercellular conductivity in the ventricular
myocardium through several mechanisms that promoted
fatal ventricular arrhythmias. A key role in disrupting the
heart’s electrical integrity was played by dysfunction of
gap junctions formed by the protein Cx43. As shown by
Yang et al.?!, after myocardial infarction Cx43 undergoes
post-translational modifications and remodelling that
impair its localisation and function, reduce intercellular
electrical conductance, and facilitate ventricular tachyar-
rhythmias. These processes were potentiated by changes
in Cx43 expression and phosphorylation that produced
electrical disorganisation of the tissue. lon channels — par-
ticularly calcium, sodium and potassium channels — also
contributed to forming an arrhythmogenic substrate.
Ma et al.??2 demonstrated that CaMKII activation disrupts
ionic homeostasis by regulating sodium, potassium and
calcium currents, thereby generating early and late after-
depolarisations. These electrical disturbances markedly
increased the likelihood of initiating ventricular arrhyth-
mias against a background of electrolyte imbalance.

Gap-junction dysfunction caused by fibrosis or in-
flammation likewise reduced electrical coupling and led
to conduction anisotropy. Kléber and JinZ showed that
reduced gap-junction conductance, combined with mi-
croscopic structural non-uniformity of the tissue, greatly
heightens the risk of disorganised impulse propagation
— particularly where electrolyte disturbances exacer-
bate functional disintegration between cardiomyocytes.
A particularly critical pattern for fatal arrhythmias was
the combination of hypokalaemia and hypocalcaemia,
which prolonged action-potential duration and impaired
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repolarisation against a background of reduced sodium-
potassium exchange and intracellular calcium overload.
As demonstrated by Padget et al.?, in acute viral infec-
tion — where Cx43 is modified and ion channels are dis-
rupted — there was reduced conductance, prolonged ac-
tion potentials and electrical instability even before any
structural cardiomyopathy appeared. This confirmed
that, even in the absence of significant myocardial re-
modelling, the combination of ion-channel changes and
impaired intercellular communication creates a powerful
arrhythmogenic substrate. Hence, the synergistic effect
of combined electrolyte disturbances in the ventricular
myocardium is realised through concurrent dysfunction
of ion channels, Cx43-dependent gap junctions and tis-
sue organisation, establishing the conditions for initia-
tion and maintenance of ventricular arrhythmias, with
particularly dangerous patterns involving hypokalaemia,
hypocalcaemia and heightened CaMKIl activity.

Studies have confirmed that different types of electro-
lyte disturbance exert specific effects on myocardial elec-
trophysiology by altering resting potential parameters,
the duration of repolarisation and ionic currents, thereby
creating conditions for ventricular arrhythmias of varying
severity. Table 1 presents an updated comparative profile
of these changes according to recent evidence.

Analysis of Table 1 revealed a clear trend towards in-
creased arrhythmogenic risk where repolarisation pro-
cesses are impaired, particularly with combined potas-
sium and magnesium deficiency. Determinants in such
states include not only absolute concentration decreases
but also their interaction with blockade of potassium and
calcium currents, which promotes early afterdepolarisa-
tions. These changes generally occur without substantial
structural myocardial remodelling but markedly desta-
bilise electrophysiological integrity. Notably, even small
shifts in membrane potential can reduce excitability or
slow conduction - preconditions for re-entry mechanisms
—seen particularly in hyperkalaemia and hyponatraemia.
Despite a lower risk of torsades de pointes in these set-
tings, their potential lethality is high due to asystole or
ventricular fibrillation. Overall, the greatest clinical dan-
ger is posed by combined ionic deficits that create a poly-
modal arrhythmogenic substrate — characterised by de-
layed repolarisation, early and late afterdepolarisations,
conduction disturbances, and pronounced abnormalities
of automaticity.

Clinical manifestations and electrocardiographic
diagnosis of ventricular arrhythmias in specific
electrolyte disorders

Khan et al.® showed that hypokalaemia leads to sequen-
tial, quantitatively measurable ECG changes, from T-wave
flattening at potassium <3.5 mmol/L and the appearance
of U-waves at <3.0 mmol/L to marked QTc prolongation
>500 ms when potassium falls below 2.5 mmol/L.

The authors identified a clear correlation between de-
creasing potassium and increasing T-peak to U-end dis-
tance, reflecting ventricular repolarisation heterogeneity
and an elevated risk of polymorphic ventricular tachycar-
dia. Tsai et al.? described the dynamics of ECG changes
in severe hyperkalaemia (K* >7.5 mmol/L), including pro-
gressive P-wave disappearance, QRS widening beyond

160 ms, and the development of a sine-wave pattern pre-
ceding ventricular fibrillation.

These changes were accompanied by tall, symmetri-
cal T-waves in the anterior precordial leads from K* >6.0
mmol/L. The authors stressed that the transition from
a normal ECG to a sine-wave pattern occurs rapidly and
demands immediate intervention, as the presence of this
pattern signals a high risk of sudden asystole.

The review by Teymouri et al.?® confirmed that hy-
pokalaemia manifests with variability in T- and U-wave
amplitude and morphology, with a tendency for T- and
U-wave fusion in patients with concomitant QT prolon-
gation. In hyperkalaemia, the principal early marker
is a tall, symmetrical T-wave, whereas a falling R-wave
amplitude and progressive QRS widening are markers
of progression to instability. The authors proposed an
“electrocardiographic spectrum” concept, within which
the trajectory of changes enables risk stratification. Based
on patients with renal failure, Varga et al.** showed that
ECG changes in hyperkalaemia do not always correlate
with absolute potassium levels, particularly in chronically
adapted patients. Nevertheless, diffuse tall, symmetrical
T-waves, reduced or absent P-waves, QRS >140 ms, and
a sine-wave pattern had high specificity for identifying
patients at immediate risk of life-threatening arrhyth-
mias. They also noted that interpretation must account
for clinical context, the rate of electrolyte change, and
any pre-existing conduction system disease. Thus, the na-
ture and sequence of ECG changes in hypo- and hyperka-
laemia correlate both with potassium concentration and
its dynamics, allowing the ECG to serve as a tool not only
for diagnosis but also for risk stratification of fatal ven-
tricular arrhythmias.

Clinical manifestations and ECG markers of ventricular
arrhythmias due to hypomagnesaemia and hypocalcae-
mia are closely tied to repolarisation changes, increased
QT dispersion, T-wave alternans, and the emergence of
early or late afterdepolarisations, creating a favourable
substrate for arrhythmogenic events. Yang et al.3' showed
that in isolated hypomagnesaemia, QTc, T-peak to T-end
interval (Tpe) interval, and the Tpe/QT ratio increased
significantly, indicating heightened repolarisation disper-
sion, a key factor in arrhythmia formation. QRS duration
and PR interval remained unchanged, excluding intraven-
tricular conduction delay as the cause of these changes.
Kulkarni et al.3? investigated T-wave alternans (TWA) as
a reliable marker of electrical instability. They reported
that spatially discordant repolarisation alternans — that
is, asynchronous changes in action-potential duration in
adjacent myocardial regions - creates conditions for the
re-entry mechanism underlying ventricular tachycardia
and fibrillation. This phenomenon is associated with in-
creased repolarisation dispersion and is a salient element
of arrhythmogenic pathophysiology in electrolyte defi-
ciency.

In a clinical study of patients with autosomal-dominant
hypocalcaemia, Hartley et al.?* found that sustained re-
ductions in serum calcium and magnesium prolonged QTc
via slowed repolarisation. Following correction with En-
caleret, QTc normalised, indicating a direct dependence
of repolarisation changes on calcium and magnesium lev-
els, particularly through effects on L-type calcium chan-
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nels and calcium-dependent inactivation. In addition,
Reynard et al.3* characterised ECG parameters reflecting
both repolarisation (QTc, QT dispersion, Tpeak-Tend,
TWA) and conduction (fragmented QRS, QRS dispersion).
They noted that it is the combination of conduction and
repolarisation abnormalities — captured, for example, by
the electrophysiological balance index (QT/QRSd) — that
heightens the risk of ventricular arrhythmias. These pa-
rameters not only identify individuals at increased risk
of sudden cardiac death but also assist differential diag-
nosis of QT prolongation, including distinguishing elec-
trolyte shifts from drug-induced or congenital long-QT
syndromes. Therefore, hypomagnesaemia and hypocal-
caemia are associated with pronounced alterations in ven-
tricular repolarisation — manifesting as QTc prolongation,
increased Tpe and Tpe/QT, T-wave alternans, and early af-
terdepolarisations — that create an arrhythmogenic sub-
strate. Differential diagnosis of QT prolongation should
be based on electrolyte status, medication history, assess-
ment of TWA, and interval analysis considering heart rate
and ECG wave morphology.

Between 2019 and 2025, multiple studies enabled
quantitative and qualitative assessment of the diagnos-
tic performance of cardiomonitoring methods - includ-
ing Holter monitoring, telemetry, implantable devices,
and electrophysiological study — for detecting ventricular
arrhythmias, particularly those driven by electrolyte dis-
turbances, and for monitoring the efficacy of their cor-
rection. In the randomised multicentre Telemedical car-
diac risk assessment by implantable cardiac monitors in
post-myocardial infarction patients (SMART-MI-DZHK9)
trial, implantable cardiac monitors in patients with re-
sidual autonomic dysfunction after myocardial infarction
detected prognostically significant ventricular arrhyth-
mias in 30% of cases — substantially higher than the 6%
seen with standard follow-up. Recorded events included
ventricular fibrillation, ventricular tachycardia, and heart
block, indicating high diagnostic sensitivity of these de-
vices to subclinical rhythm disturbances potentially linked
to impaired electrolyte homeostasis.®

In a clinical comparison of mobile telemetry and pro-
longed continuous ECG monitoring, the latter demon-
strated a significantly higher detection rate of arrhyth-
mias, including ventricular tachycardia (identified in 13
patients versus 7 with telemetry), indicating the superior-
ity of continuous human signal analysis over algorithmic
systems. In particular, continuous monitoring detected
far more arrhythmic episodes overall — 61 versus 19 —
which could be critical when evaluating the effectiveness
of treatment for electrolyte disorders.?® In a paediatric
cohort of patients with hypertrophic cardiomyopathy,
72-hour Holter monitoring with telemetry revealed sig-
nificant associations between sleep disturbances and an
increased frequency of premature ventricular contrac-
tions and episodes of ventricular tachycardia. Although
this study was conducted in a paediatric population, its
inclusion is justified by the fact that the fundamental
electrophysiological mechanisms underlying arrhythmo-
genesis—such as autonomic imbalance, ion-channel dys-
function, and electrolyte-related triggers—-are consistent
across age groups. Therefore, these findings are consid-
ered conceptually relevant for understanding arrhythmia

mechanisms in adults, while acknowledging the limita-
tions of direct clinical extrapolation. However, the extrap-
olation of paediatric data to adult populations should be
interpreted with caution and considered as supportive
rather than primary evidence.*”

In an emergency department study, 24-hour Holter
monitoring identified diagnostically significant arrhyth-
mias in more than a quarter of patients presenting with
syncope. Although results lacked clear diagnostic value in
some cases, even non-specific changes predicted 30-day
rehospitalisation, indicating latent risk and the potential
role of electrolyte disturbances as arrhythmic triggers.3-4°
Thus, rhythm-monitoring methods — especially prolonged
continuous ECG, implantable monitors, and telemetric
systems — demonstrated high diagnostic capability for
detecting ventricular arrhythmias associated with elec-
trolyte imbalance and enabled assessment of therapeutic
efficacy to reduce arrhythmic burden. Table 2 summarises
data from primary clinical and electrocardiographic stud-
ies on electrolyte disturbances and associated ventricular
arrhythmias. It integrates reported ECG features, arrhyth-
mia types, monitoring approaches, and clinically relevant
diagnostic patterns described in the reviewed literature.

The analysis shows a clear correlation between the
severity of electrolyte disturbance and the risk of life-
threatening ventricular arrhythmias. The greatest danger
is posed by combined potassium-magnesium disorders,
severe hypokalaemia and hyperkalaemia, which are as-
sociated with unstable tachycardia phenotypes, electrical
storms, and a need for continuous monitoring.#'*2 ECG
changes progress from minimal to critical as electrolyte
deficit worsens, reflecting a gradual rise in myocardial
electrophysiological instability. It is also evident that key
elements of risk stratification include not only classical
ECG parameters (QTc, T-U waves, QRS width) but also
contemporary methods such as T-wave alternans, beat-
to-beat QT analysis, and telemetry, underscoring the
growing role of dynamic, highly sensitive monitoring in
identifying patients prone to fatal arrhythmias. The im-
portance of metabolic and cardiac biomarkers (e.g., lac-
tate, pH, troponins) is likewise increasing, especially in
combined or severe disorders, indicating the need for
a multidisciplinary monitoring approach that extends be-
yond ECG alone.**#* Qverall, Table 2 demonstrates that
arrhythmic risk is determined by the intersection of four
factors: depth of electrolyte imbalance, severity of ECG
findings, arrhythmia type, and monitoring capabilities.
It is the comprehensive assessment of these parameters
that enables optimisation of patient management.

Notably, Table 2 is intended as a structured analytical
summary of patterns reported across the reviewed stud-
ies rather than as a formal diagnostic guideline. Table
2 reflects synthesised evidence from relevant primary
sources and should be interpreted as a comparative clini-
cal framework rather than a normative protocol.

Therapeutic strategies for correcting electrolyte
imbalance and pharmacological management

of ventricular arrhythmias

Current clinical protocols for correcting hypokalaemia
in patients with acute ventricular arrhythmias adopt an
individualised approach that considers the degree of po-
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tassium deficit, arrhythmic risk, concomitant electrolyte
abnormalities, and patient status. Intravenous potassium
is preferred in severe hypokalaemia (level <2.5 mmol/L) or
when electrocardiographic changes are present, whereas
oral administration is appropriate for mild or moderate
deficits where intestinal absorption is intact. Amirnovin
et al.* showed that a tiered intravenous potassium regi-
men in post-cardiac surgery patients achieved effective
potassium elevation with minimal risk of hyperkalaemia,
supporting structured protocols with controlled infusion
rates and regular monitoring. Magnesium correction is
integral when hypomagnesaemia drives renal potassium
losses. As noted by Gaynor and Cornejo,* attempts to rai-
se potassium without concurrent magnesium repletion
may fail because magnesium deficiency promotes kaliu-
resis. The authors emphasised that intravenous magne-
sium — in the context of ventricular arrhythmias — raises
the threshold for ventricular fibrillation, which is clinically
significant in patients at high risk of life-threatening arr-
hythmias.

Monitoring recommendations included mandatory
electrolyte checks with each potassium administration,
at least daily for intravenous therapy, as described by
Mustafa and Befkadu.*” Protocols also mandated ECG
surveillance when potassium infusion rates exceed 10
mmol/h because higher rates are associated with iatro-
genic hyperkalaemia. The study showed that only 16% of
patients with moderate or severe hypokalaemia received
intravenous potassium and that concurrent monitoring
was infrequently used, highlighting a need to improve
protocol adherence. A specific clinical context was ex-
amined by Beaulieu and Kurczewski,*® who studied elec-
trolyte changes in neurosurgical patients undergoing
therapeutic hypothermia. Despite a daily median potas-
sium dose of 45 mmol, hypokalaemia persisted in 30% of
cases, indicating reduced efficacy of standard regimens
under specific physiological conditions. Magnesium lev-
els, by contrast, remained stable with routine correction,
underscoring the need for personalised electrolyte dos-
ing in complex patients with secondary disturbances.*
Thus, contemporary guidance for treating hypokalaemia
in acute ventricular arrhythmias rests on the degree of
deficit, route of administration, obligatory assessment of
magnesium status, regular electrolyte and ECG monitor-
ing, and avoidance of rapid unmonitored infusions. Indi-
vidualised protocols support effective, safe therapy while
preventing iatrogenic hyperkalaemia and potentially fa-
tal arrhythmias.>0

Intravenous magnesium sulphate remains a widely
accepted first-line treatment in the emergency manage-
ment of torsades de pointes (TdP) and other polymorphic
ventricular tachycardias associated with QT prolonga-
tion. Antiarrhythmic mechanisms include reducing trans-
membrane calcium influx via L-type channels, stabilising
myocardial cell membrane potential, and attenuating
early afterdepolarisations, which is pivotal in prevent-
ing TdP.52>* Clinically, magnesium also shortens cardio-
myocyte action-potential duration, thereby mitigating
electrical instability. Matsuura et al.>> reported a case of
drug-induced QT prolongation with TdP unresponsive to
asingle 6 g magnesium dose; arrhythmia termination was
achieved only after reaching an ionised magnesium level

of 1.31 mmol/L via continuous infusion at 1 g/h, under-
scoring the importance of dynamic monitoring of ionised,
rather than total, magnesium. In a clinical study by Na-
rang and Ozcan,* intravenous magnesium sulphate com-
bined with isoprenaline stabilised rhythm and abolished
arrhythmia in patients with defibrillation-refractory TdP
arising from combined electrolyte abnormalities, includ-
ing hypomagnesaemia. Although dosing specifics were
not given, high-dose use was justified in severe arrhyth-
mogenic instability.

In a randomised controlled trial evaluating magne-
sium for ventricular arrhythmias in dogs, Schoeller et
al.’” showed that 0.1 mmol/kg (0.2 mEqg/kg) magnesium
sulphate significantly reduced ventricular ectopics and
heart rate, though full conversion to sinus rhythm oc-
curred in only two cases, suggesting a dose-dependent
response and the need for human trials to confirm clini-
cal utility. The antiarrhythmic mechanism of magnesium
via calcium-channel blockade and membrane stabilisa-
tion is conserved among mammals, supporting cautious
extrapolation of dose-response data to humans. In lop-
eramide-induced TdP, Igbal et al.®® showed that intrave-
nous magnesium 2 g effectively controlled ventricular
tachycardias resistant to other treatments even when
baseline electrolytes were normal, underscoring mag-
nesium’s versatility as baseline therapy in drug-induced
QT-prolongation scenarios. Accordingly, magnesium sul-
phate is effective for terminating TdP regardless of the
aetiology of QT prolongation — drug-induced, electrolyte-
mediated, or idiopathic.>® A bolus of 1-2 g with possible
transition to continuous infusion (e.g., 1 g/h) tailored to
clinical response and ionised magnesium level is consid-
ered optimal. Randomised trials and clinical cases support
magnesium as first-line therapy in the emergency treat-
ment of TdP, with emphasis on electrolyte monitoring
and individualised dosing.

In patients with recurrent ventricular arrhythmias
amid chronic or refractory electrolyte disturbances, in-
terventional treatments — such as temporary pacing and
ICD implantation — were justified based on clinical indica-
tions of rhythm instability unresponsive to medication.®
In Tixier et al.,*' temporary overdrive pacing was used to
treat electrical storm in patients with ventricular fibril-
lation resistant to amiodarone, beta-blockers, and lido-
caine. Temporary pacing reduced ventricular arrhythmia
burden, particularly after recent ischaemic episodes, and
served as a bridge to catheter ablation or optimisation
of medical therapy, providing rapid electrophysiological
stabilisation without major complications in most cases.
Mitkowski®? noted that ICD implantation for secondary
prevention should proceed once reversible causes of ar-
rhythmia have been excluded. In patients with chronic
kidney disease (CKD), malabsorption, or endocrinopa-
thies — where electrolyte imbalances are prolonged or
recurrent — ICD placement was considered when the risk
of recurrent life-threatening ventricular arrhythmias was
high, accompanied by careful evaluation of the potential
to restore electrolyte balance, particularly in reversible
hypokalaemia or hypomagnesaemia.554

In a retrospective study, Meter and Borovac®® described
a case of refractory electrical storm after acute myocardial
infarction in a patient with concomitant CKD. Temporary
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ventricular overdrive pacing terminated arrhythmia un-
responsive to drug therapy and served as a bridge to ICD
implantation, confirming the utility of temporary pacing
as bridging therapy in patients with severe electrolyte
disturbances and high arrhythmic mortality risk. Analysis
of Italy’s national registry by Proclemer et al.%® showed
that ICD implantation for primary prevention predomi-
nated among heart-failure patients, with a substantial
proportion also implanted for secondary prevention after
cardiac arrest. In patients with comorbidities complicat-
ing electrolyte balance - including endocrine disorders
and malabsorption syndromes — long-term management
strategies combined ICD therapy, medication, electrolyte
correction, and regular rhythm monitoring.

Correction of hypokalaemia and hypomagnesaemia in
patients with ventricular arrhythmias requires a person-
alised strategy that accounts for the severity of imbal-
ance, comorbidities, and risk of fatal complications. The
choice between intravenous and oral administration, the
necessity of concurrent magnesium correction, and con-
tinuous monitoring of treatment effectiveness enable
stabilisation while avoiding iatrogenic hyperkalaemia. In-
terventional strategies such as temporary pacing and ICD
implantation are justified in refractory or recurrent ar-
rhythmias driven by chronic electrolyte disturbances and
are complemented by long-term rhythm and metabolic
control.

Conclusions

A systematic review of 52 scientific publications from
2019-2025 allowed for the synthesis of current evidence
and the formulation of a conceptual framework descri-
bing ventricular arrhythmias in electrolyte imbalance. The
study provides a structured summary of reported electro-
lyte thresholds and their potential association with arrhy-
thmogenic risk.

Hypokalaemia is considered to contribute to a cas-
cade of electrophysiological changes via Kir2.1 and K2P1
potassium-channel dysfunction, causing resting potential
hyperpolarisation, action-potential prolongation, and
critical shortening of the refractory period from 242 to
165 ms. Calcium and magnesium imbalance appears to
modulate L-type calcium-channel and RyR2 receptor func-
tion, creating conditions for torsades de pointes through
spontaneous diastolic calcium release. Combined potas-
sium <2.8 mmol/L and magnesium <0.6 mmol/L may pro-
duce a synergistic arrhythmogenic effect via joint dys-
function of ion channels, Connexin-43-dependent gap
junctions, and intercellular conductance, creating a criti-
cally high risk of fatal arrhythmias.

Systematisation of electrocardiographic markers re-
vealed a clear correlation between imbalance severity
and progression of ECG changes, enabling ECG-based
risk stratification of sudden cardiac death. Hypokalaemia
shows sequential changes from T-wave flattening be-
low 3.5 mmol/L to QTc >500 ms below 2.5 mmol/L, while
hyperkalaemia presents with tall, symmetrical T-waves
above 6.0 mmol/L progressing to a sine-wave pattern. Pro-
longed cardiomonitoring detected prognostically signifi-
cant ventricular arrhythmias in 30% of patients at risk of

electrolyte imbalance compared with 6% under standard
follow-up. Therapeutic protocols require an individual-
ised approach with intravenous potassium at concentra-
tions below 2.5 mmol/L, mandatory concurrent magne-
sium correction, and ECG monitoring when infusion rates
exceed 10 mmol/h. Magnesium sulphate in a 1-2 g bolus
remains first-line in emergency management of torsades
de pointes, with monitoring of the ionised fraction.

Clinical implementation entails stratified monitoring
protocols, comprehensive diagnostic panels including
metabolic biomarkers, and personalised correction algo-
rithms that account for comorbidities. A limitation of this
review is substantial heterogeneity among included stud-
ies, precluding meta-analysis and quantitative estimation
of therapeutic effect size. Future research should focus
on addressing the key gaps identified in the current body
of evidence. In particular, there is a need for prospective
clinical studies evaluating the impact of combined elec-
trolyte disturbances on the development and progression
of ventricular arrhythmias, as most available data focus
on isolated imbalances.

In addition, the literature demonstrates considerable
variability in reported electrocardiographic thresholds,
especially regarding QTc prolongation and its association
with specific electrolyte levels, highlighting the need for
standardisation of diagnostic criteria. Further investiga-
tion is also required to assess the long-term outcomes
and recurrence rates of ventricular arrhythmias following
correction of electrolyte imbalance, as current data are
largely limited to acute clinical observations.

Finally, comparative studies evaluating the effective-
ness of different cardiac monitoring strategies, including
continuous ECG monitoring, telemetry, and implantable
devices, are needed to determine optimal approaches for
risk stratification and clinical management.
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Patients and methods: This prospective study comprised 73 patients (50 males, 23 females) with suspected
CAD who had coronary angiography at Qena University Hospital from August 2024 to January 2025. Group
I (normal control, n = 22) consisted of patients with normal coronary angiography, while Group Il (CAD, n =
51) had coronary artery stenosis of at least 70%. Multi-vessel disease (MVD) (n = 29) and single-vessel disease
(1VD) (n = 22) were the additional classifications given to Group II. ELISA was used to assess plasma HIF-1a
levels, and Gensini scores and other clinical data were examined.

Results: Compared to the control group, the mean HIF-1a levels in CAD were considerably higher (4.594 +
3.101 ng/ml vs. 3.563 + 0.5957 ng/ml, p = 0.0265). A higher significant difference was noted between 1VD
subgroup and control (p = 0.0457), but higher insignificant difference between MVD subgroup and control (p
=0.2652). Higher mean HIF-1a levels were observed in chronic total occlusion (CTO) patients (5.36 + 3.7 ng/
ml) and compared to the control group, this increase was significant, p = 0.0310. However, HIF-1a. levels had
no significant correlation with the Gensini score.

Conclusion: HIF-10o levels were higher in stable CAD especially in single-vessel disease and CTO but lost signifi-
cance after adjustment for age, sex, and clinical factors and showed no independent association with disease
severity. HIF-1a is unlikely to serve as a standalone biomarker in stable CAD but may have a possible role
within a multi-biomarker approach.

Introduction

Stable coronary artery disease (CAD) is a common disor-
der characterized by the presence of atheromatous pla-
ques in the coronary arteries, impairing blood flow to
the heart. This disorder is one of the leading causes of
morbidity and death worldwide." The ISCHEMIA Trials
biorepository analysis showed that biomarkers like high-
-sensitivity troponin T and NT-proBNP, when combined
with clinical factors, CAD severity, and inducible ischemia,
improve cardiovascular event prediction over a median
follow-up of 3.5 years.?2 These markers, however, need
further prospective validation, which emphasizes the ne-
cessity of investigating other options such hypoxia-indu-
cible factor-1o (HIF-10).

Gregg L. Semenza and Guang Wang identified the HIF
transcriptional complex in 1995, and it is crucial for cellu-
lar oxygen sensing and hypoxia tolerance. HIF-1a regu-
lates genes involved in angiogenesis, glycolysis, and cell
survival. Semenza, William Kaelin Jr., and Peter J. Ratcli-
ffe received the Lasker Award in 2016 for their work on
HIF-1's role in adapting to hypoxic conditions. In 2019,
they were together awarded the Nobel Prize in Physio-
logy or Medicine for their Insights that improve under-
standing how HIF regulates cellular reactions to variable
oxygen levels.?

HIF-1a is structurally a subunit of the HIF-1 transcrip-
tion factor, which is made up of the constitutively pro-
duced HIF-1B subunit and the oxygen-sensitive HIF-1a
subunit.* A number of functional domains are present
in the HIF-1a protein, such as two PAS (Per-Arnt-Sim)
domains for dimerization stability, an oxygen-depen-
dent degradation domain (ODDD) for oxygen-sensitive
regulation, two transactivation domains (TAD-N and
TAD-C) that stimulate target gene transcription, and
an N-terminal basic helix-loop-helix (bHLH) domain for
DNA binding. Under normoxic circumstances, prolyl hyd-
roxylase domain (PHD) enzymes hydroxylate proline re-
sidues in the ODDD, triggering recognition by the von
Hippel-Lindau (VHL) protein and subsequent degradati-
on. This hydroxylation, however, is prevented in hypoxic
environments, allowing HIF-1a to solidify, go into the
nucleus, dimerize with HIF-1B, and initiate the transcrip-
tion of genes related to angiogenesis, glycolysis, and cell
survival.>®

In cardiovascular diseases, HIF-1a signaling supports is-
chemic adaptation through angiogenesis and metabolic
shifts, yet its dysregulation is implicated in CAD progre-
ssion, heart failure, and other conditions like cancer and
peripheral artery disease.”®

Despite its biological significance, the clinical utility of
HIF-1o in stable CAD remains underexplored. Prior stu-
dies have largely focused on acute coronary syndromes or
advanced multi-vessel disease, with limited attention to
its role in stable CAD phenotypes like single-vessel disease
or chronic total occlusion (CTO). Furthermore, small-scale
studies and a lack of standardized protocols have hinde-
red its translation into practice, leaving gaps in under-
standing its diagnostic and prognostic value, including its
potential influence on plaque stability.®

The purpose of this research is to investigate the re-
lationship between stable CAD and HIF-1a levels in indi-
viduals experiencing coronary angiography. Additionally,
we seek to explore the correlation of HIF-1a with CAD
severity, utilizing the Gensini score, left ventricular ejec-
tion fraction (LVEF), and clinical risk factors for a compre-
hensive assessment of disease burden. To our knowledge,
this is the first study to specifically explore the diagnostic
and prognostic significance of HIF-1a in stable CAD, high-
lighting its association with distinct obstructive CAD sub-
types, offering novel insights into its value as a targeted
biomarker for better disease management.

Patients and methods

Study design and setting

This cross-sectional, observational prospective study was
carried out at the Cardiology Department, Qena Universi-
ty Hospital, between August 2024 and January 2025.

Study population

This study comprised 73 individuals with presumed stable
CAD who were scheduled for diagnostic coronary angio-
graphy due to chest pain. After receiving written infor-
med consent and clearance from South Valley Universi-
ty’s Ethics Committee on Research on Humans, patients
were enrolled. Assuming a moderate to large effect size
(Cohen’s d = 0.7-0.8) based on previous biomarker stu-
dies in CAD, the sample size was calculated using a power
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analysis aiming for 80% power and a significance level ()
of 0.05 to detect significant changes in HIF-1a levels be-
tween CAD patients and controls. A minimum of 64 parti-
cipants was required, and after screening 96 patients and
applying exclusion criteria, 73 were included in the final
analysis. Patients were categorized into two main groups
based on their angiographic findings:
Group | (Normal Control Group, n = 22): Subjects with
normal or non-obstructive coronary arteries (<70% steno-
sis in any epicardial coronary artery).
Group Il (CAD Group, n = 51): Patients with >70% ste-
nosis in at least one epicardial coronary artery on corona-
ry angiography. This group was further subdivided into:
e Subgroup A (Single-Vessel Disease, n = 22): Patients with
>70% stenosis in one major epicardial coronary artery.

¢ Subgroup B (Multi-Vessel Disease, n = 29): Patients with
>70% stenosis in two or more major epicardial coronary
arteries.

Inclusion criteria: Patients who satisfied all of the fo-

llowing requirements were eligible to participate in the

study:

* 18 years of age or older.

e Suspected stable CAD, requiring coronary angiography
for evaluation of chest pain.

* No prior history of myocardial infarction, revasculariza-
tion, or other acute cardiac events in the last six months.

¢ LVEF (left ventricular ejection fraction) >50% with a si-
nus rhythm.

e Availability of blood samples without hemolysis, ensu-
ring accurate biomarker analysis.

Exclusion criteria: Patients were excluded if they had any

of the following:

e Acute coronary syndrome (ACS) (unstable angina, NSTE-
MI, or STEMI) within the past six months.

e History of coronary revascularization (CABG or PCl) wi-
thin the past six months.

¢ Hemolyzed blood samples that could interfere with bio-
marker analysis.

® Severe comorbidities or systemic diseases, including:
Chronic inflammatory or autoimmune diseases (e.g.,
rheumatoid arthritis, lupus), active infections or malig-
nancies, chest disorders, moderate to severe valvular
heart disease, atrial fibrillation or other significant arr-
hythmias, heart failure with reduced ejection fraction
(LVEF <50%), thyroid dysfunction (hypothyroidism or
hyperthyroidism), hematological disorders (e.g., ane-
mia, coagulopathies), chronic kidney disease (eGFR <30
mL/min/1.73 m?) or hepatic dysfunction (cirrhosis, signi-
ficant liver enzyme elevation).

Blood sample collection and HIF-10. measurement

Each participant who fasted for eight hours had two
milliliters of venous blood extracted and placed in tu-
bes containing EDTA. After centrifuging the samples
for ten minutes at 3500 rpm, the separated plasma was
aliquoted into one milliliter cryotubes and kept at =80 °C
until biochemical analysis. ELISA assay kits from Bioassay
Technology Laboratory (BT LAB, China, Catalogue No.
E0422Hu) were used to determine the levels of plasma HIF-
1o. The measurement was performed using a microplate

ELISA reader (EMR-500, USA), with a sensitivity of 0.01
ng/mL and a standard curve range of 0.05-15 ng/mL.
To minimize potential biases, laboratory personnel who
performed HIF-1a measurements were blinded to patient
clinical and angiographic data. Both the intra-assay
and inter-assay precision were less than 8% and 10%,
respectively.!

Demographic, clinical, and echocardiographic data
collection

Demographic data such as age, sex, and body mass index
(BMI) were recorded. Additionally recorded were clinical
risk factors such as diabetes, hypertension, and a histo-
ry of smoking. Furthermore, each participant’s echocar-
diographic left ventricular ejection fraction (LVEF%) was
determined. Echocardiographic assessment was done by
a GE Vivid E95 ultrasound system (GE Healthcare, Chica-
go, IL, USA) guided by the American Society of Echocar-
diography recommendations.

Coronary angiography and Gensini score calculation
Coronary angiography was done after admission via
standard techniques to assess coronary artery status and
classify disease severity based on the 2018 ESC/EACTS Gui-
delines for Revascularization of the myocardium. An ex-
perienced cardiologist, blinded to clinical and laboratory
data, analyzed the findings. CTO (chronic total occlusion)
is defined as an epicardial coronary artery occlusion wit-
hout antegrade flow across the lesion and with a duration
of >3 months. Patients with CTO classically have corona-
ry collaterals distally on coronary angiography, however,
these collaterals may not deliver enough blood flow to
the myocardium, causing ischemia and anginal pain. The
Gensini score was used to quantify coronary artery dise-
ase severity. Each lesion was assigned a score based on
stenosis severity: 25% is equal to one point, 50% to two,
75% to four, 90% to eight, 99% to sixteen, and 100% to
thirty-two points. This score was then multiplied by a wei-
ghting factor reflecting the lesion’s anatomical location:
Left main = 5, proximal LAD = 2.5, mid LAD = 1.5, distal
LAD = 1, proximal LCX = 2.5, mid LCX = 2, distal LCX =1,
RCA = 1, major first diagonal, obtuse marginal and pos-
terior descending artery = 1. The final Gensini score was
the sum of all weighted lesion scores, providing a com-
prehensive assessment of coronary atherosclerosis.''3

Study endpoints
The primary endpoint is to assess the correlation between
the presence of coronary artery disease and HIF-1a. levels.
Secondary endpoint: To evaluate the relationship be-
tween HIF-1a levels and individual clinical risk factors
(e.g., smoking, diabetes, and hypertension), left ventri-
cular ejection fraction (LVEF), and the severity of CAD as
determined by the Gensini score.

Ethical considerations

The Ethics Committee on Research on Humans at South
Valley University gave approval to the study protocol
(SVU-MED-MBC004-MEDO018-4-25-1-4). The study adhe-
red to the ethical principles outlined in the Declaration of
Helsinki, and all participants provided informed consent
before participation.
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Statistical analysis 6 pvalue
GraphPad InStat 3.10 (GraphPad Software, San Diego, = 46  0.02*
CA, USA) was used for all statistical analyses. Conti- §= 5

nuous variables were tested for normality using the 3

Shapiro-Wilk and Kolmogorov-Smirnov tests. Norma- 3 4 3.6

Ily distributed data are presented as mean * standard S 3

deviation (SD), and non-normally distributed data as 8

median (interquartile range, IQR). Categorical varia- by Py —

bles are expressed as frequencies and percentages. Be- il

tween-group comparisons were performed using the z 11—

unpaired t-test or Mann-Whitney U test for continuous 3

variables and Fisher's exact test for categorical varia- = 0

bles. Welch’s adjustment was applied to the unpaired
t-test when there were unequal variances. Correlations
were assessed using Pearson or Spearman coefficients
as appropriate. Multiple regression was used to eva-
luate the independent association of HIF-1a with CAD
after adjustment for clinical factors. ROC analysis was
performed to assess its diagnostic performance using
the area under the curve. A p-value <0.05 was conside-
red statistically significant.

Results

A summary of the baseline demographic, clinical, bioche-
mical, angiographic, and echocardiographic features is
provided in Table 1, where:

e The CAD group was significantly older and had
a higher proportion of males compared to the con-
trol group.

* The prevalence of diabetes mellitus (DM), hypertensi-
on (HTN), and smoking, as well as the mean BMI, was
higher in the CAD group, though not statistically sig-
nificant. This suggests a potential association between
these factors and an increased risk of CAD.

Control CAD
Coronary artery status

Fig. 1 - The difference between CAD and control groups in terms of
baseline mean HIF-1a plasma levels. HIF-1a levels in CAD patients
significantly increased compared to normal controls. CAD - corona-
ry artery disease; HIF-1a — hypoxia inducible factor one alpha. * Sig-
nificant p-value (<0.05). The two groups were statistically analyzed
using the unpaired t-test with Welch's correction.

HIF-1q. levels in study groups

e The CAD group’s mean HIF-1a levels were conside-
rably higher than those of the control group (4.594
+ 3.101 ng/mL vs. 3.563 + 0.5957 ng/mL, p = 0.0265),
indicating that the raised HIF-1a level may be linked
to the presence of CAD (Fig. 1).

e HIF-1a levels were considerably higher in subgroup
A (single vessel disease) than in the control group
(5.169 + 3.506 ng/mL vs. 3.563 + 0.5957 ng/mL, p =
0.0457).

e The HIF-1a levels in subgroup B (multi-vessel disease)
were greater than those in the control group, but they
were not statistically significant (4.158 + 2.737 ng/mL vs.
3.563 + 0.5957 ng/mL, p = 0.2652).

Table 1 - Comparison between the study groups regarding demographics, clinical, and biochemical data

Normal control  All CAD Single-vessel Multi-vessel p-value p-value
Variables (n=22) (n=51) disease (1VD) disease (MVD) (control vs. CAD) (IVD vs. MVD)
(n=22) (n=29)

Age (years) 53.1+8.7 58.1+9.2 56.1 +8.2 59.6 + 9.8 0.03* 0.2

Male sex (n, %) 10 (45%) 40 (78.4%) 18 (81%) 22 (75.8%) 0.01* 0.7

BMI (Kg/m?) 26.6 + 3.6 27.3+2.0 26.8+2.0 27.5+19 0.5 0.2

HTN (n, %) 7 (32%) 27 (52.9 %) 13 (59%) 14 (48%) 0.1 0.6

DM (n, %) 6 (27%) 24 (47%) 8 (36%) 16 (55%) 0.1 0.3
Smoking (n, %) 6 (27%) 25 (49%) 13 (59%) 12 (41%) 0.1 0.3

LVEF (%) 57.3+4.1 56.5+5.7 57.1+6.4 56.2 + 5.1 0.5 0.5
(Gr:;‘;ii’;;c”e - 36.0 24.0 72.0 - <0.001%*
HIF-1a (ng/mL) 3.6+0.6 46 3.1 52+35 42+27 0.03* 0.3

BMI - body mass index; CAD - coronary artery disease; DM — diabetes mellitus; 1VD, single-vessel disease; HIF-1a. — hypoxia inducible factor
one alpha; HTN - hypertension; LVEF - left ventricular ejection fraction; MVD - multi-vessel disease; n — number.

Continuous data expressed as mean + SD, categorical data in the form of n (%). Comparison between the controls and all CAD groups was
performed using unpaired t-test and Fisher’s exact test, while HIF-1a p-value was done by unpaired t-test with Welch's correction.

** P-value represent the difference between 1VD and MVD subgroups in the median Gensini score and was highly significant (<0.001)

in bold, done by unpaired t-test with Welch's correction. * Significant p-values are in bold (<0.05).
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e Among CAD patients, those with chronic total occlusion
(CTO) and coronary collaterals (n = 14, from subgroup
A or B) exhibited the highest mean HIF-1a levels (5.36
+ 3.7 ng/mL) and when compared to the control group,
this increase was significant, p = 0.0310.

Comparison within CAD subgroups

e Median Gensini scores were significantly higher in sub-
group B (multi-vessel disease) compared to subgroup
A (single vessel disease) (72 vs. 24, p <0.001).

¢ HIF-1a levels in subgroups A and B did not differ signi-
ficantly (5.169 + 3.506 ng/mL vs. 4.158 + 2.737 ng/mL, p
=0.2702).

Correlation analyses

No significant correlation was found between HIF-1a le-
vels and: Gensini score (r = -0.03338, p = 0.816), age (r
= -0.02256, p = 0.8498), BMI (r = 0.03735, p = 0.7537),
diabetes (r = -0.0283, p = 0.81), smoking (r = 0.05733, p
= 0.63), hypertension (r = 0.1089, p = 0.41), LVEF % (r =
0.09701, p = 0.35).

Multivariate and logistic regression analysis

with confounder adjustment

A multiple regression model was used to evaluate the in-
dependent association of HIF-1o. with CAD while adjus-
ting for confounders. The model included age, sex, LVEF,
BMI, diabetes mellitus, hypertension, and smoking as in-
dependent variables. It explained 25.68% of the variance
in CAD (R2=0.2568, p = 0.0109).

Confounder adjustment was performed by including cli-
nically relevant covariates known to influence CAD risk.
Diabetes mellitus (p = 0.04) and male sex (p = 0.0180)
were significant predictors, while HIF-1a showed a posi-
tive but non-significant association (p = 0.1803). Other
factors, including age, LVEF, BMI, hypertension, and smo-
king, did not reach statistical significance. Variance infla-
tion factors (VIF <1.64) confirmed no multicollinearity,
ensuring independent effects of each variable.

To address potential bias, additional adjustments were
made using logistic regression, treating CAD as a cate-
gorical outcome (>70% stenosis), The odds ratio (1.2380)
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Fig. 2 - The relationship between HIF-1a levels and the existence
of coronary artery disease (CAD) was assessed using logistic regre-
ssion analysis. Although the p-value is not significant (p = 0.09),
the odds ratio indicates a little increase in the risk of CAD with
greater HIF-1q. levels, and the confidence interval encompasses 1.0.
CAD - coronary artery disease; HIF-10,— hypoxia inducible factor one
alpha.

suggests a modest increase in the likelihood of CAD with
higher HIF-1a. levels, but the confidence interval includes
1.0, and the p-value is not significant (p = 0.0883). Sen-
sitivity analyses stratified the sample by diabetes status
and sex to assess potential effect modification. Subgroup
analyses evaluated differences in HIF-1a. levels across CAD
severity (Gensini score) (Table 2 and Fig. 2).

Despite not being a significant independent predictor,
HIF-1a's association with obstructive CAD and its inclusi-
on alongside established risk factors suggest its poten-
tial role in CAD risk assessment. To confirm these results,
more research with larger sample sizes is required.

The ROC curve analysis demonstrated poor overall dia-
gnostic performance for CAD (AUC = 0.510), with low sen-
sitivity (35.29%) despite high specificity (95.45%). While
high specificity suggests HIF-1a could help rule out CAD
in specific cases, its low sensitivity limits its clinical utility
as a standalone diagnostic marker. Additional studies are

Table 2 - Multiple Regression Analysis of Predictors of CAD

Variable Coefficient Std. error
Constant -0.1 0.9
HIF-To 0.0 0.0
Age 0.0 0.0
LVEF -0.0 0.0
BMI -0.0 0.0
DM 0.2 0.1
HTN 0.1 0.1
Smoking 0.1 0.1
Male sex 0.3 0.1

95% Cl t-ratio p-value
-1.8t0 1.7 0.1 1.0
-0.0t0 0.1 1.4 0.2
-0.0t0 0.0 1.1 0.3
-0.0t0 0.0 0.3 0.7
-0.0t0 0.0 0.0 1.0

0.0 to 0.5 2.0 *0.049
-0.1t0 0.4 1.3 0.2
-0.2t0 0.4 0.8 0.5
0.1t0 0.6 2.4 0.02*

BMI - body mass index; CAD - coronary artery disease; Cl - confidence interval; DM - diabetes mellitus; HIF-1a. — hypoxia inducible factor
one alpha; HTN - hypertension; LVEF - left ventricular ejection fraction.

* Significant p-values (<0.05) are in bold.
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HIF-10. - hypoxia inducible factor one alpha.
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Fig. 3 — The ROC curve analysis demonstrated poor overall dia-
gnostic performance for CAD (AUC = 0.510), with low sensitivity
(35.29%) despite high specificity (95.45%).

necessary to decide whether HIF-1a could be integrated
into multi-biomarker models to improve diagnostic accu-
racy (Fig. 3).

Discussion

Hypoxia-inducible factor 1-alpha (HIF-1a) is considered
as a crucial modulator of cellular response to hypoxia,
stimulates angiogenesis, vascular remodeling, and meta-
bolic changes. Studies by Akbas et al. (2021) and Liu et
al. (2013) have shown that HIF-1a is upregulated in acute
ischemic events and is associated with coronary collateral
development, reinforcing its role in ischemic adaptation,
aligning with our study.'*'

But it's still unknown how HIF-1a contributes to sta-
ble CAD. Our findings, consistent with those of Czibik
et al. (2008), suggest that in chronic ischemia, HIF-1a
activation may be insufficient to sustain significant
hypoxic signaling. This is supported by demonstrating
lower transcriptional activity of HIF-1a in stable CAD
compared to acute settings, likely due to differences in
ischemic stress thresholds. Moreover, stable CAD may
involve compensatory mechanisms such as collateral
circulation and metabolic reprogramming, which redu-
ce the extent of HIF-1a activation. These results could
explain our observation of high but not statistically sig-
nificant levels of HIF-1a in CAD patients with multive-
ssel disease.'®

Additional mechanistic insights suggest that HIF-1a
exerts its effects in CAD through both protective and
pathological pathways. Vink et al. (2007) found that HIF-
-1a is associated with an inflammatory plaque phenotype
and is upregulated in activated macrophages, indica-
ting its involvement in both protective angiogenesis and

pathological inflammation in atherosclerosis.”” Additi-
onally, DeNiro et al. (2013) demonstrated that vascular
endothelial growth factor (VEGF) can activate the NF-«B
signaling pathway, linking HIF-1a-induced angiogenesis
to inflammatory processes. These interactions suggest
that elevated HIF-1a in chronic hypoxia may lead to mala-
daptive vascular changes, including endothelial dysfunc-
tion and plaque instability, complicating its role as a strai-
ghtforward biomarker.'®

The potential diagnostic value of HIF-1o.in CAD remains
debated. Although HIF-1a levels were higher among the
included CAD patients, especially in those with single-
-vessel disease and chronic total occlusion (CTO), our re-
search revealed that these levels did not correspond to
the severity of the disease. HIF-1a levels may be higher in
single-vessel CAD due to acute localized ischemia, which
activates hypoxic signaling. Multi-vessel CAD often de-
velops collateral circulation which may explain reducing
ischemic damage and HIF-1a activation in stable multi-
-vessel CAD patients. Plaque instability and acute infla-
mmation may be another explanation, further increasing
HIF-1a levels. This aligns with Akbas et al. (2021), who
reported elevated but statistically non-significant HIF-1a
levels in acute coronary syndrome (ACS), possibly due to
localized ischemia, immediate medical therapy, or samp-
le size limitations, suggesting variability in its diagnostic
reliability.™

The findings of Qin et al. (2024) further illustrate this
variability. Their study identified a HIF-1a cutoff for dia-
gnosing coronary artery calcification (CAC) in non-dialysis
CKD patients, with high specificity and moderate sensiti-
vity. In contrast, our study showed poor diagnostic per-
formance of HIF-1a for CAD (AUC = 0.510), suggesting
that its clinical utility may be context-dependent, influen-
ced by disease mechanisms such as vascular calcification
versus atherosclerotic plague burden. Both studies confir-
med the higher prevalence of males and older patients in
disease groups.™

Similarly, while Gharib et al. (2022) linked elevated
HIF-1a to coronary complications in diabetes, our findings
did not establish it as an independent risk factor for CAD.
Lopez-Reyes et al. (2014) found that HIF1A polymorphi-
sms modulate metabolic risk and the HIF1A rs2057482
polymorphism may account for population-level variati-
ons in HIF-1a expression and CAD susceptibility since it
is linked to the risk of developing early coronary artery
disease as well as certain metabolic and cardiovascular
risk factors.2021

In patients with notable coronary artery stenosis,
Song-Ming et al. (2008) discovered a robust correlation
between the presence and degree of coronary collaterals
and greater HIF-1a expression at both the protein and
mMRNA levels. This in agreement with our research fin-
dings that elevated HIF-1a levels were observed in ob-
structive CAD, particularly CTO cases that often involve
collateral development. However, no direct correlation
was found between HIF-1a levels and disease severity or
collateral grading.?

Stojanovic et al. (2021) identified renalase as a hypo-
xia-responsive gene linked to HIF-1a, promoting cardiac
protection. These results lend credence to a wider func-
tion of hypoxia-related markers in the prediction of is-



446 The Value of Hypoxia Inducible Factor 1 alpha as a Biomarker for Stable CAD

chemia. However, our study suggests that HIF-1a alone
lacks sufficient discriminatory power for stable CAD risk
stratification.?

Limitations and future directions

This study has several limitations. Single center study and
the relatively small sample size may restrict the generali-
zability of findings to broader CAD populations. The cross-
-sectional design precludes causal inferences between
HIF-1a levels and CAD severity and limits our ability to
assess dynamic changes in HIF-1a over time or in response
to treatment. While we adjusted for age, sex, diabetes,
hypertension, smoking, BMI, and LVEF, other potential
confounders—such as genetic polymorphisms (e.g., HIF-
-1a gene variants), additional comorbidities (e.g., chronic
kidney disease, dyslipidemia), and medications (e.g., sta-
tins, beta-blockers, or antiplatelets)—were not accounted
for, despite their possible influence on HIF-1a expression
and CAD severity. Furthermore, ethnic variability and ge-
netic differences across populations were not fully explo-
red, potentially limiting applicability to diverse groups.
To confirm these results and clarify the clinical significan-
ce of HIF-1a in CAD, larger, long-term investigations with
more diverse populations and balanced gender represen-
tation are required.

Future studies should use larger, multicenter cohorts
and longitudinal follow-up to validate HIF-1a as a po-
tential biomarker and to see how HIF-1a changes throu-
gh different stages of CAD. It will also be important to
look at how HIF-1a works alongside other biomarkers
such as sST2, hsTnT, NT-proBNP, GDF-15, NF-xB, and
YKL-40, which are already linked to CAD progression.
Research on HIF-1a gene variations and how they affect
disease severity in different populations is also needed.
Our results suggest that HIF-1a may play a role in stable
CAD, but it does not seem useful on its own as a dia-
gnostic or prognostic marker. A combined multi-biomar-
ker and mechanistic approach may help define its real
value in CAD.

Conclusion

HIF-1a levels were higher in patients with stable CAD
compared to controls, with numerically higher values in
single-vessel disease and chronic total occlusion. These
differences, however, were no longer significant after
adjustment for age, sex, and other clinical factors. HIF-
-1a did not correlate with angiographic disease severi-
ty and did not independently predict the presence of
CAD. The results indicate that HIF-1a is not suitable as
a standalone diagnostic or prognostic biomarker in sta-
ble CAD, although it may still contribute as one element
within a broader multi-biomarker strategy. Larger and
better-controlled studies are needed to define its poten-
tial role.
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Kontext: Fibrotickd remodelace je typickou zndmkou ischemické dilata¢ni kardiomyopatie (IDKM). Z néko-
lika malych nekodujicich molekul RNA (microRNA, miR) podilejicich se na regulaci extracelularni matrix byla
v experimentu miR-29 spojena s expresi kolagenu a transformujiciho rastového faktoru p/skupiny proteint
podilejicich se na transdukci signald a regulaci transkripce (transforming growth factor-B/mothers against
decapentaplegic homolog 3 related signaling). Profil cirkulujici miR-29 pfi IDKM u ¢lovéka a jeji vztah se
strukturou a funkci dosud nebyly dostatecné popsany. Smyslem této studie bylo kvantifikovat hodnoty
miR-29 v plazmé pacientt s IDKM a zjistit, zda se cirkulujici miR-29 shoduji se zavedenymi echokardiografic-
kymi ukazateli nepfiznivé remodelace komor.
Metody: Do této studie bylo zafazeno 46 pacientl s angiograficky potvrzenou IDKM a 30 zdravych jedinc(.
Exprese miR-29 v plazmé se ur¢ovala metodou RT-gPCR s normalizaci miR-103. Pfi echokardiografickém vy-
setfeni se mérily ejekcni frakce (EF), primér levé komory na konci diastoly (left-ventricular end-diastolic dia-
meter, LVEDD) a priimér levé komory na konci systoly (left-ventricular end-systolic diameter, LVESD). Srovna-
li jsme obé skupiny, pouzili Spearmanovy korelace a provedli analyzu ROC a multivariacni regresni analyzu.
Vysledky: Hodnoty miR-29 v plazmé byly vyssi pii IDKM nez u kontrol (p < 0,001). Diskriminacni analyza
prokazala pfiznivou schopnost odliseni skupiny s IDKM od kontrolni skupiny (AUC = 0,87; 95% Cl 0,78-0,94).
Ve skupiné pacientt s IDKM korelovaly hodnoty miR-29 negativné s EF (r = -0,34; p = 0,021) a pozitivné
s LVEDD (r = +0,557; p < 0,001) i LVESD (r = +0,571; p < 0,001). V multivaria¢nich modelech ztstavala hodnota
log10(miR-29) nezavisle spojena s EF (B = -1,05 % na kazdé zvyseni 1-log10; p = 0,0227) a s LVEDD (B = +2,14
mm na kazdé zvyseni 1-log10; p < 0,001).
Zaveéry: Pri ischemické dilatacni kardiomyopatii je cirkulujici miR-29 spojena s nepfiznivou dilataci komory
a snizenou systolickou funkci. Tato zjisténi ukazuji, Ze cirkulujici miR-29 odrézi molekularni aktivitu souvise-
jici s remodelaci a je spojena regulaci extracelularni matrix; uvedena zjisténi mohou tak umoznit presnéjsi
poznani remodelacni biologie a poslouzit jako zaklad pro formulaci hypotéz budoucich studii zkoumajicich
stratifikaci pacient(l a 1é¢ebnych postupt zamérenych na signélni drahy.

© 2026, CKS.

ABSTRACT

Background: Fibrotic remodeling is a hallmark of ischemic dilated cardiomyopathy (IDCM). Among micro-
RNAs (miR) implicated in extracellular matrix regulation, miR-29 has been experimentally linked to collagen
expression and transforming growth factor-B / mothers against decapentaplegic homolog 3 related signa-
ling. However, its circulating profile in human IDCM and its relationship with ventricular structure and func-
tion remain insufficiently characterized. The purpose of this study is to quantify plasma miR-29 in patients
with IDCM and examine whether circulating miR-29 aligns with established echocardiographic indices of
adverse ventricular remodeling.

Methods: This study included 46 angiographically confirmed IDCM patients and 30 healthy individuals.
Plasma miR-29 expression was assessed using RT-gPCR with miR-103 normalization. Echocardiographic mea-
surements included ejection fraction (EF), left-ventricular end-diastolic diameter (LVEDD), and left-ventricu-
lar end-systolic diameter (LVESD). Group comparisons, Spearman correlations, ROC analysis, and multivaria-
ble regression were performed.
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Results: Plasma miR-29 levels were higher in IDCM compared with controls (p <0.001). Discriminatory ana-
lysis demonstrated good discriminative performance between IDCM group and control (AUC = 0.87, 95% CI
0.78 - 0.94). Within IDCM patients, miR-29 correlated inversely with EF (r = —0.34, p = 0.021) and positively
with LVEDD (r = +0.557, p <0.001) and LVESD (r = +0.571, p <0.001). In multivariable models, log, (miR-29)
remained independently associated with EF (3 = -1.05% per 1-log10 increase, p = 0.0227) and LVEDD (f =
+2.14 mm per 1-log, increase, p <0.001).

Conclusions: Circulating miR-29 is associated with adverse ventricular dilation and reduced systolic func-
tion in ischemic dilated cardiomyopathy. These findings indicate that circulating miR-29 reflects remodeling-
-related molecular activity linked to extracellular matrix regulation and may provide additional molecular
insight into remodeling biology, serving as a hypothesis-generating signal for future studies exploring pa-
tient stratification and pathway-directed therapeutic approaches.

Introduction

Heart failure (HF) remains a major global health burden,
and despite therapeutic progress, its rates of hospitalizati-
on, morbidity, and mortality continue to rise worldwide.?
Among the principal causes of chronic HF, IDCM occupies
a central position.? IDCM develops from recurrent or unre-
solved myocardial ischemia, culminating in necrosis, scar
formation, and diffuse fibrosis that ultimately promote
left-ventricular (LV) dilation and impaired systolic func-
tion.># Fibrotic remodeling represents a key determinant
of structural deterioration and clinical outcome in ische-
mic heart disease, yet detecting early or evolving fibrosis
remains challenging because conventional tools rely pri-
marily on advanced imaging or invasive sampling.>® These
limitations have intensified interest in circulating molecu-
lar biomarkers capable of identifying fibrosis-driven remo-
deling in a non-invasive and clinically applicable manner.’

MicroRNAs (miRNAs) are short, non-coding RNAs that
regulate gene expression post-transcriptionally by bind-
ing to target mRNAs and influencing translation and sta-
bility, reflecting changes in regulatory networks rather
than simply downstream protein release.®® They partici-
pate in many of the cellular responses that shape cardiac
injury and repair including inflammation, angiogenesis,
necrosis, hypertrophy, and matrix remodeling and influ-
ence multiple pathways involved in post-ischemic ventric-
ular adaptation.’®' Their stability in the circulation and
predictable detectability makes plasma miRNAs promis-
ing indicators of underlying myocardial pathology offer-
ing potential insight into underlying myocardial dysfunc-
tion.™>™3

miR-29 is one of several circulating microRNAs detect-
able in peripheral blood that exhibit remarkable stability,
often through encapsulation within extracellular vesicles
or binding to protective proteins, making it feasible indi-
cator of gene-regulatory programs engaged during dis-
ease progression.’ Preclinical and cellular studies demon-
strate that miR-29 directly represses multiple profibrotic
ECM genes, including collagens such as Collagen Type | Al-
pha 1 (COL1A1) and Collagen Type Ill Alpha 1 (COL3A1),
and that its downregulation is associated with increased
collagen expression in fibrotic models, supporting an an-
tifibrotic regulatory role.’'® miR-29 expression is tightly
modulated by the transforming growth factor-p (TGF-B)
/ mothers against decapentaplegic homolog 3 (Smad3)
signaling axis, a central pathway involved in maladap-
tive myocardial fibrotic remodeling.” Importantly, while

these mechanistic data establish miR-29 as a regulator of
ECM-related pathways at the tissue level, the extent to
which circulating miR-29 reflects myocardial remodeling
processes in human cardiomyopathy remains uncertain
with previous studies focused on diagnostic classification
or heterogeneous heart-failure populations.’*'>'® To our
knowledge, no prior study has specifically examined the
association between circulating miR-29 and echocardio-
graphic markers of remodeling severity in IDCM.

Given this consideration, we evaluated circulating miR-
29 expression in patients with angiographically confirmed
IDCM. The objective of this study was to examine the re-
lationship between plasma miR-29 levels and echocardio-
graphic indices of left-ventricular structure and systolic
function, in order to assess whether circulating miR-29 is
associated with remodeling patterns commonly linked to
fibrotic processes in patients with IDCM.

Material and methods

Study setting and design

The objective of this study was to determine circulating
miR-29 levels in patients with IDCM and examine their as-
sociation with echocardiographic indicators of ventricular
remodeling.

Study population

A total of 76 participants were included and allocated

into the following groups:

1. IDCM Group (n = 46)
All IDCM patients had prior coronary angiography con-
firming significant obstructive coronary artery disease
consistent with an ischemic etiology. Patients who had
undergone revascularization were included, provided
that angiographic evidence of prior infarction or re-
sidual disease was present. Cases with recent or acute
myocardial infarction were excluded to avoid acute-
-phase changes in circulating miRNAs. IDCM patients
had left ventricular ejection fraction (EF) <40% with
echocardiographic evidence of chamber dilation (LV
end-diastolic diameter [LVEDD] >58 mm, consistent
with echocardiographic reference values).

2. Control Group (n = 30)
Controls consisted of healthy, age- and sex-matched
volunteers with normal clinical examination and echo-
cardiography.
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Exclusion criteria

Exclusion criteria included EF >40%, LVEDD <58 mm, re-
cent or acute myocardial infarction, significant valvular
pathology, hypertrophic or restrictive cardiomyopathy,
drug-induced or chemotherapy-related cardiomyopathy,
isolated right-sided failure, chronic renal or hepatic dys-
function, hematologic and autoimmune diseases, and
any acute or chronic inflammatory condition.

Echocardiographic evaluation

All subjects underwent transthoracic echocardiography

according to standardized imaging protocols.

® EF was calculated using biplane Simpson method.

e LVEDD and LVESD were measured using M-mode ima-
ging in the parasternal long-axis view.

Measurements adhered to American Society of Echo-
cardiography guidelines, and sonographers were blinded
to miRNA results."

Blood collection and sample handling

Peripheral venous blood (10 mL) was withdrawn from

each participant.

* Plasma was isolated from EDTA tubes, centrifuged, and
stored at -80 °C.

e Serum was collected separately for routine biochemical
assessment.

Only plasma samples were used for miRNA analyses.
Samples demonstrating hemolysis or poor quality were
excluded before processing.

miRNA extraction and quantification
Total circulating miRNA was isolated using the miRNeasy
Serum/Plasma Kit (Qiagen, Germany). RNA concentrati-
on and purity were verified spectrophotometrically; only
samples with acceptable A260/A280 and A260/A230 ra-
tios (1.8-2.1) were included.

cDNA synthesis was performed with the miRCURY LNA
miRNA PCR Starter Kit (Qiagen). Quantitative real-time
PCR (gRT-PCR) was conducted on the Rotor-Gene Q plat-
form using miRCURY SYBR Green Master Mix. Circulat-
ing miR-29 was quantified using a miRCURY LNA-based
gRT-PCR assay (Qiagen) specific for hsa-miR-29a-5p ac-
cording to the manufacturer’s instructions. All reactions
were duplicated, with repeat analysis performed when
replicate Ct values differed by more than 0.3. Melt-curve
profiles confirmed specificity, and no-RT and no-tem-
plate controls were included in each run.

Normalization and data processing

miR-29 expression was normalized to miR-103, selected
for its validated stability across study groups. Relative ex-
pression was calculated using the 2A-AACt method (ACt
= Ct_target — Ct_reference; AACt = ACt_sample — mean
ACt_controls).?

Given the right-skewed nature of circulating miRNA
data, log10-transformed values were used for correla-
tion and ROC analyses, whereas untransformed 2/A-AACt
values were used for group comparisons for ease of in-
terpretation. All qPCR procedures followed MIQE recom-
mendations.21

Bias minimization

To reduce selection bias, consecutive eligible patients
were enrolled, and stringent inclusion and exclusion
criteria were applied. Control subjects were clinically
screened to exclude any cardiovascular or inflammatory
disease.

Laboratory personnel were blinded to clinical group-
ing. All assays were performed under uniform laboratory
conditions. Hemolyzed or suboptimal samples were ex-
cluded. Data completeness was ensured before analysis,
and missing data (<5%) were handled by case-wise exclu-
sion.

Statistical analysis

Analyses were performed using IBM SPSS Statistics v27
(IBM Corp., NY, USA). Continuous variables were expre-
ssed as mean = SD or median (IQR), depending on dis-
tribution; categorical variables were presented as counts
and percentages.

Group differences were assessed using:

¢ independent t-test for normally distributed variables,

e Mann-Whitney U test for non-normal variables, and

e chi-square for categorical comparisons.

Associations between circulating miR-29 and echocar-
diographic measures (EF, LVEDD, LVESD) were explored
using Spearman correlation.

Diagnostic performance of miR-29 for distinguishing
IDCM from controls was evaluated using ROC analysis,
reporting AUC, sensitivity, specificity, and optimal cutoff
(Youden index). Bonferroni correction was applied where
appropriate. A p-value <0.05 was considered statistically
significant.

Results

Baseline characteristics

The baseline clinical and echocardiographic characteris-
tics of the study population are summarized in Table 1.
A total of 76 participants were enrolled, including 46 pa-
tients with angiographically confirmed IDCM and 30 he-
althy controls. IDCM patients exhibited reduced EF and
enlarged LV dimensions on echocardiography. Demogra-
phic and risk-factor distributions, as well as blood pressu-
re, heart rate, and chamber measurements, are presented
in Table 1.

Circulating miR-29 expression in IDCM vs controls
Plasma miR-29 expression was markedly higher in IDCM
than controls (p <0.001). Because miR-29 values were ri-
ght-skewed, logq transformation confirmed stable group
separation, indicating robust up-regulation. The median
miR-29 level was 14.7 (IQR: 1.11-312.99) in IDCM and 2.96
(IQR: 0.740-4.756) in controls (Table 2, Fig. 1).

ROC analysis of circulating miR-29

ROC curve analysis demonstrated a good discriminatory
ability of circulating miR-29 between IDCM patients and
controls (AUC = 0.87, 95% Cl: 0.78-0.94; Table 3, Fig. 2).
An optimal cut-off value of 1.10 yielded a sensitivity of
74.1% and a specificity of 73.3%.
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Fig. 2 - Receiver operating characteristic (ROC) analysis for circula-  The optimal cutoff value was determined using Youden'’s index.
ting miR-29 in discriminating IDCM patients from healthy controls. AUC - area under the ROC curve.

Table 1 - Baseline characteristics of IDCM patients and healthy controls

Variable IDCM (n = 46) Controls (n = 30) p-value
Age (years), mean + SD 58.61 +7.20 53.10 + 7.90 0.03
Male sex, n (%) 30 (65.2%) 18 (60.0%) 0.63
HTN, n (%) 34 (73.9%) 0(0.0%) <0.001
DM, n (%) 18 (39.1%) 0(0.0%) <0.001
Current smoking, n (%) 30 (65.2%) 0 (0.0%) <0.001
Heart rate (bpm), mean + SD 81.22 +£9.77 79.23 +12.54 0.47
Systolic BP (mmHg), mean + SD 128.22 + 12.09 112.83 + 13.48 <0.001
Diastolic BP (mmHg), mean + SD 80.26 + 6.08 69.52 +7.38 <0.001
IVS thickness (mm), mean + SD 8.9+2.1 72+25 0.003
LVEDD (mm), mean + SD 66.43 + 5.80 45,55 + 5.67 <0.001
LVESD (mm), mean + SD 56.54 + 6.11 26.68 + 9.32 <0.001
LVEF (%), mean + SD 32.59 + 4.57 62.45 + 6.97 <0.001

Values are presented as mean = SD or n (%). Continuous variables were compared using independent-samples t test. Categorical variables
were compared using chi-square test.

Table 2 - Comparison of circulating miR-29 between IDCM and control groups
IDCM (n = 46) Control (n = 30) p-value

miR-29 Median (IQR)
14.7 (1.11-312.99) 0.17 (0.04-1.10) <0.001

Values expressed as median (IQR). Mann-Whitney U test was used to assess p-value.



452 Circulating miR-29 in Ischemic Dilated Cardiomyopathy
> Table 4 - Correlation between circulating miR-29
and echocardiographic parameters among IDCM patients
4 Parameter Spearmanr p-value
T Ejection fraction (EF) -0.340 0.021
E 3 Left ventricular end-diastolic +0.557 <0.001
'E diameter (LVEDD)
§ 2 Left ventricular end-systolic +0.571 <0.001
= diameter (LVESD)
1
Associations evaluated using Spearman’s rank correlation. Nega-
tive and positive correlation coefficients (r) indicate inverse and
0 direct relationships, respectively.
60 65 70 75
LVEDD (mm)

Fig. 4 - Relationship between log, -transformed plasma miR-29
expression and LVEDD in IDCM.

Correlation with echocardiographic parameters
Table 4, and Figure 3 and 4 showed that miR29 was co-
rrelated negatively with EF (r = -0.340, p = 0.021) and
positively with LVEDD (r = +0.557, p <0.001) and LVESD
(r=+0.571, p <0.001).

These findings demonstrate a consistent remodeling
pattern: higher miR-29 levels accompany greater cham-
ber dilation and reduced systolic performance.

Multivariable analysis

To evaluate whether these associations were indepen-
dent of clinical factors, multivariable linear regression
models were constructed. After adjustment for age, HTN,
DM, and sex, log, (miR-29) remained significantly associ-
ated with both systolic function and chamber size. Each
1-log,, increase in miR-29 corresponded to a 1.05% lower
EF (3 =-1.05, p =0.0227) and a 2.14-mm greater LVEDD (B
=+2.14, p <0.001). None of the covariates showed signifi-
cant associations with EF or LVEDD (Table 5).

Association with cardiovascular risk factors
Circulating miR-29 levels did not differ significantly accor-
ding to the presence or absence of HTN (p = 0.43), DM (p
= 0.69), or smoking (p = 0.22) (Table 6). These findings in-
dicate that the elevation of circulating miR-29 in IDCM is
independent of conventional cardiovascular risk factors.

Discussion

In our study, circulating miR-29 was significantly elevated
in patients with IDCM and showed statistically significant
associations with key echocardiographic indices of adver-
se remodeling. Its inverse correlation with LVEF, together
with positive correlations with LVEDD and LVESD, su-
ggests that higher circulating miR-29 levels are observed
in parallel with greater ventricular dilation and more
advanced systolic impairment.

Although direct fibrosis quantification with cardiac
MRI or histology was unavailable, structural indices such
as LV dilation and reduced EF are well-established indica-
tors of chronic ischemic remodeling. In longstanding isch-
emic cardiomyopathy, chamber enlargement and systolic

Table 5 - Multivariable regression models showing independent

predictors of EF and LVEDD
Model A: EF as outcome

Variable Coefficient (3)  Std. error p-value
Intercept 59.4743 7.2497 <0.001
log,,(miR-29) -1.0503 0.4481 0.0227
Age -0.0934 0.0893 0.3025
HTN -1.3446 1.3572 0.3276
DM -0.8829 1.3121 0.5088
Male sex -0.5955 1.2363 0.6271
Model B LVEDD as outcome

Variable Coefficient (3)  Std. error p-value
Intercept 37.0922 3.8814 <0.001
log,,(miR-29) +2.1402 0.2646 <0.001
Age +0.0280 0.0471 0.5524
HTN -0.1727 0.7158 0.8101
DM -0.0777 0.6930 0.9114
Male sex +0.5980 0.6487 0.3637

Table 6 - Comparison of circulating miR-29 levels according to

clinical risk factors among IDCM patients

Risk Factor Median (IQR) Median (IQR) p-value
-yes -no

HTN 13.1(1.0-313.0)  55.3(2.5-322.7)  0.430

DM 8.2 (1.3-313.0) 23.9(0.6-322.7)  0.693

Smoking 14.7 (0.7-227.9)  25.5 (4.1-6654.5) 0.217

Data are presented as median (interquartile range, IQR). Compari-
sons were performed using the Mann-Whitney U test).

impairment are commonly associated with accumulated
scar burden and altered ECM turnover.>?

Circulating miR-29 levels do not necessarily mirror
myocardial expression, as they are influenced by signals
originating from multiple cell types and injury-related
pathways.?* Rather than serving as a direct surrogate for
myocardial expression, circulating miR-29 may reflect the
broader molecular environment of post-ischemic remod-
eling, integrating contributions from fibrosis, inflamma-
tion, and ECM turnover.?*? Experimental data show that
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miRNAs can be exported via extracellular vesicles, re-
leased during apoptosis, or actively secreted in response
to biomechanical stress or inflammatory signaling.?6?’
Such mechanisms have been described during cardiac in-
jury and fibrosis, supporting the concept that elevations
in plasma miR-29 may relate to enhanced ECM turnover
or myocardial stress signaling rather than direct tissue
expression.?®?° In this context, circulating miR-29 pro-
vides complementary molecular insight into remodeling
activity that is not fully captured by clinical assessment,
echocardiographic indices, or conventional circulating
biomarkers alone.>

The elevation of circulating miR-29 in IDCM is biologica-
Ily plausible given its regulatory influence on major ECM
components, including COL1A1, COL3AT1, Fibrillin-1, and
Elastin, with multiple experimental models demonstra-
ting that suppressing miR-29 promotes collagen accumu-
lation, whereas augmenting its activity can reduce fibrosis
burden.''> Chronic ischemia, neurohormonal activation,
and scar maturation intensify TGF—p/Smad-mediated fib-
rotic signaling, which is a major upstream regulator of
miR-29 expression.>3' Together, these mechanisms pro-
vide a coherent biological rationale for why circulating
miR-29 may increase in parallel with fibrosis-linked remo-
deling in IDCM. Importantly, such elevations may reflect
engagement of ECM-regulatory signaling or passive re-
lease from stressed myocardial tissue

The positive correlations between miR-29 and LVEDD/
LVESD, together with its inverse relationship with EF,
represent the most clinically relevant observations of this
study. Ventricular dilation and systolic impairment are es-
tablished downstream manifestations of chronic ischemic
remodeling, in which ECM disorganization and fibrotic
accumulation contribute to adverse chamber geometry
and functional decline.>3*? Ventricular dilation reflects
progressive ECM disorganization, impaired architectural
integrity, and maladaptive remodeling,**3** while lower
EF in IDCM reflects both replacement fibrosis from prior
infarction and diffuse interstitial fibrosis,?>*® pathways
that are plausibly influenced by ECM-modulating miR-
NAs such as miR-29. Accordingly, the observed associa-
tions between circulating miR-29 levels and LV geometry
or systolic function support the concept that circulating
microRNAs may serve as accessible indicators of underly-
ing remodeling-related molecular pathways, rather than
direct measures of myocardial fibrosis burden.

ROC analysis demonstrated good overall discrimina-
tory performance of circulating miR-29 in distinguishing
patients with IDCM from healthy controls. The observed
sensitivity and specificity are consistent with the behav-
ior of circulating microRNAs as biologically informative
markers reflecting pathway-specific remodeling activ-
ity rather than broad disease screening tools.?’3® In this
context, the ROC findings support the interpretation of
circulating miR-29 as a remodeling-associated, pathway-
informative biomarker.

Circulating miR-29 levels were not significantly influ-
enced by major clinical covariates, including HTN, DM,
smoking status, or age. This relative independence from
common cardiovascular risk factors reduces the likelihood
that the observed associations are driven by systemic con-
founding, a known limitation in circulating miRNA re-

search.® Importantly, the persistence of miR-29’s associa-
tions with LVEDD and EF after multivariable adjustment
strengthens the interpretation that circulating miR-29 re-
lates to ventricular remodeling severity rather than non-
specific clinical burden.

While echocardiography remains central to pheno-
typic characterization, it does not capture the regulatory
pathways driving remodeling progression. In this context,
miR-29 provides insight into disease-relevant molecular
signaling and ECM regulation, complementing structural
and functional assessment without replacing established
imaging or clinical markers.

In clinical terms, circulating miR-29, by reflecting en-
gagement of ECM related regulatory pathways, may
therefore serve as a molecular indicator of remodeling
activity rather than a diagnostic or prognostic marker per
se. Importantly, defining such molecular signatures may
inform future studies aimed at stratifying patients ac-
cording to dominant remodeling pathways and exploring
pathway-directed therapeutic interventions.

Conclusions

Circulating miR-29 levels were significantly higher in pa-
tients with IDCM and were closely associated with indices
of adverse ventricular remodeling, including LV dilation
and reduced systolic function, independent of major clini-
cal covariates. These findings suggest that miR-29 reflects
remodeling-related molecular activity linked to ECM re-
gulation and may provide additional molecular insight
into remodeling biology, serving as a hypothesis-genera-
ting signal for future studies exploring patient stratificati-
on and pathway-directed therapeutic approaches.
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Kontext: Ze sledovani pacient(i po perkutdnnim uzavéru defektu sifiového septa (atrial septal defect, ASD) je
znamo, Ze dochazi ke vzniku fibrilace sini (FS). Primarnim cilem nasi studie bylo zkoumat vznik a prediktory
vzniku FS pti dlouhodobém sledovani pacientl po uzavieni ASD.

Metody: Do studie bylo zafazeno 56 pacient(, u nichz byl mezi lety 2008 a 2010 na nasem pracovisti prove-
den perkutanni uzavér ASD. Sledované populace byla rozdélena do dvou skupin: s diagnézou FS a bez této
diagnozy.

Vysledky: Ke vzniku FS doslo u 13 pacientd (dva muzi, 11 Zen; vék 41,02 = 7,02 roku; ejekcni frakce levé
komory [EF LK] 62,39 + 8,32 %); u 43 pacientu ke vzniku FS nedoslo (sedm muzd, 36 Zen; vék 39,55 + 9,26
roku; EF LK 64,76 + 8,08 %). Regresni analyza prokazala, Ze nezavislym prediktorem vzniku FS je dlouhodobé
pouze pomér velikosti okluderu a celkové délka septa.

Zavéry: Podle této studie byl se vznikem FS v dlouhodobém horizontu spojen vyssi pomér velikosti okluderu
a celkové délky septa. Doporucujeme, aby k uzavieni defektu pouzivali operatéfi co nejmensi okludery.

ABSTRACT

Background: Atrial fibrillation (AF) is known to develop during the follow-up of patients who have under-
gone percutaneous atrial septal defect (ASD) closure. The primary aim of our study was to investigate the
development and predictors of AF in the long-term follow-up of patients after ASD closure.

Methods: Fifty-six patients who underwent percutaneous ASD closure at our center between 2008 and 2010
were included in the study. The study population was divided into two groups: patients with and those
without an AF diagnosis.

Result: There were 13 patients with AF (two males, 11 females; age = 41.02 + 7.02 years; left ventricle ejecti-
on fraction [LVEF] = 62.39 + 8.32%) and 43 patients without AF (seven males, 36 females; age = 39.55 + 9.26
years; LVEF = 64.76 + 8.08%). In regression analysis, only the device size/total septum length ratio was found
to be an independent predictor of long-term AF development.

Conclusions: This study revealed that an increased device size/total septum length ratio was associated with
the development of AF in the long term. We recommend that operators use the smallest size closure device
that adequately covers the defect.
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ASD closure and AF

OVERSIZING OF SEPTAL OCCLUDER DEVICES PREDICTS LONG-TERM ATRIAL FIBRILLATION ASD CLOSURE

ASD closure cohort Device coverage Independent
e n =56 adults over septum predictor
e TEE-guided Device size / total
Amplatzer septum length ratio
implantation
e 15-year follow-up
Cut-off: 0.49
AUC: 0.842
AF (+) AF (-) Sensitivity:
76.9%
Chronic Specificity:
Low subatrial 6?_4% U
mechanical
irritation
Clinical recommendation Atrial
ASD closure cohort Select the smallest effective remodeling
closure device to minimize AF

e TEE-guided Amplatzer
implantation
¢ 15-year follow-up risk

WHAT’S NEW?

septal coverage and
long-term atrial fibrillation

e In patients with atrial septal defect (ASD), several echocardiographic parameters—including A-wave velocity,
left ventricular ejection fraction, left atrial diameter, and ASD size—were significantly associated with long-term

atrial fibrillation (AF) development.

¢ In addition to previous literature, our study demonstrated that the ratio of closure device diameter to total septal
length is an independent predictor of late AF after transcatheter ASD closure.

e During long-term follow-up, pre-closure factors lost prognostic value, whereas the extent of interatrial septal
coverage by the device became crucial. Therefore, operators should choose the smallest device ensuring complete

closure to minimize AF risk.

Introduction

Atrial septal defect (ASD) is the most common congeni-
tal heart disease diagnosed in adults and is treated by in-
terventional cardiologists.” Today, percutaneous closure
is widely used and successfully used in line with current
guidelines and under appropriate indications.2 With in-
creasing operator experience and newly developed de-
vices, complications during percutaneous closure and in
the acute phase are now more easily managed.® However,
the long-term effects of these devices are still being in-
vestigated in current studies and meta-analyses.* The fact
that these ASD closure devices remain in mechanical con-
tact with the atria for an extended period suggests that
they may predict the development of atrial arrhythmia
in the long term, which has also been a main topic of
research.> As the frequency of percutaneous ASD closure
procedures continues to grow, identifying the develop-
ment of AF and predicting which patients may develop
it constitute important research topics. Some studies
have demonstrated predictive parameters for AF based
on follow-up duration, advanced age, or type of closure
device.® Although the presence of an ASD with a clinically
significant shunt size has been found to be a predictor
for AF development,® some studies have reported that
closure device size is not a predictor for AF development.”

Our hypothesis is that selecting the smallest device that
can cover the patient’s ASD may provide more effective
protection against AF. Therefore, we calculated the device
length/total septum length ratio, which was previously
studied in a pediatric patient group.® In this study, we ex-
amined the average 15-year follow-up of patients who
underwent percutaneous ASD closure in our clinic. We in-
vestigated the frequency of AF and echocardiographic and
procedural technique-related factors, such as the device
size/total septum length ratio, which would predict AF.

Material and methods

Study design and population

In this single-center, cross-sectional, retrospective study,
patients who underwent percutaneous ASD closure in our
center between 2008 and 2010 were reviewed, and 70
patients were identified. The baseline demographic data,
echocardiography and 12-lead electrocardiogram fin-
dings, and anticoagulant use history of the patients were
retrieved from the hospital information system. Twelve
patients whose follow-up data within the last three mon-
ths were not available and two patients with AF detected
on their baseline electrocardiogram were excluded from
the study. The remaining 56 patients were included in the
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study and divided into two groups: those who developed
AF and those who did not. To investigate the presence of
AF, patients’ ECGs from the past 3 months were reviewed,
and AF was considered present if detected. For patients
whose ECGs did not reveal AF, their Holter monitoring
from the past 3 months was reviewed, if available. If Hol-
ter monitoring was not available, patients were called for
a follow-up appointment, and the presence or absence of
AF was determined based on 24-hour Holter monitoring.
The study protocol was approved by the local ethics com-
mittee in accordance with the Declaration of Helsinki and
good clinical practice guidelines.

Echocardiographic evaluation

Echocardiographic examinations were performed using the
Philips IE33 system (Philips Medical Systems, Andover, MA,
USA). Left ventricular ejection fraction (LVEF) was calculated
using the Simpson biplane method. Measurements of the
left atrial diameter, left ventricular end-diastolic diameter
(LVEDD), left ventricular end-systolic diameter (LVESD), in-
terventricular septal thickness, and posterior wall thickness
were obtained from the parasternal long-axis view.

In the apical four-chamber view, the right atrial diam-
eter, right ventricular basal diameter (RV-BD), and total
septum length were measured. Mitral early diastolic filling
velocity (E wave), late diastolic filling velocity (A wave), and
the mitral annular early diastolic velocity (E' wave) obtained
from the lateral mitral annulus using tissue Doppler imag-
ing were recorded. Tricuspid annular plane systolic excur-
sion (TAPSE) was measured using M-mode at the junction of
the right ventricular lateral wall and the tricuspid annulus.

The right ventricular outflow tract (RVOT) diameter
and RVOT velocity-time integral (RVOT-VTI) were mea-
sured in the parasternal short-axis view, whereas the left
ventricular outflow tract (LVOT) diameter was measured
in the parasternal long-axis view. The LVOT velocity-time
integral (LVOT-VTI) was obtained from the apical five-
chamber view using pulsed-wave Doppler. The Qp/Qs ratio
was calculated using the following formula: Qp = RVOT
VTl x w x (RVOT diameter/2)?, Qs = LVOT VTl x © x (LVOT
diameter/2).2 It was obtained by dividing Qp by Qs. Systolic
pulmonary artery pressure (PAP) was calculated by adding
estimated right atrial pressure to the pressure measure-
ment taken with continuous wave Doppler over the tricus-
pid valve in the apical four-chamber view. ASD width was
measured at three different angles via transesophageal
echocardiography, with the largest measurement record-
ed. All echocardiograms followed the recommendations of
the American Society of Echocardiography.

Reproducibility

Intraobserver variability was assessed by repeating all
measurements on separate occasions. Interobserver vari-
ability was assessed by having a second observer, blinded
to the clinical data and initial echocardiographic results,
repeat the measurements (M.G.Y).

Device information

All patients were treated under conscious sedation in the
catheterization laboratory under the guidance of transe-
sophageal echocardiography. An appropriately sized Am-
platzer septal occluder device (AGA Medical Corp., Golden

Valley, MN, USA) was implanted in the interatrial septum
using a femoral access system. When selecting device di-
mensions, transesophageal echocardiography was perfor-
med, and ASD balloon sizing was also done during the pro-
cedure, supported by echocardiographic measurements.

Statistical analysis

Statistical analyses were performed using SPSS version 20.0
for Windows (SPSS Inc., Chicago, IL, USA). The Kolmogo-
rov-Smirnov test and homogeneity of variances tests were
performed to examine parametric and non-parametric
data distributions. The independent-samples t-test was
used to compare two groups in terms of variables showing
parametric distribution, and the Mann-Whitney U test was
used to compare two groups in terms of variables that did
not show a parametric distribution. Categorical variables
were compared using the chi-square test. Univariable and
multivariable logistic regression analyses were undertaken
to determine predictive parameters of AF development.
Receiver operating characteristic (ROC) analysis was used
to determine the cut-off levels of the device size/total sep-
tum length ratio for predicting AF development. A p-value
of <0.05 was considered statistically significant.

Results

The study included a total of 56 patients with a follow-up
period of 15 (range: 14-16) years. Thirteen patients deve-
loped AF, resulting in an incidence of 23.2%. The patients
were divided into two groups: those with and those wit-
hout AF (of the 13 patients, 5 continued to have sinus rhy-
thm after one paroxysmal AF attack; 4 patients were star-
ted on amiodarone for rhythm control due to recurrent
paroxysmal AF attacks. Sinus rhythm was achieved in 2 pa-
tients after electrical cardioversion due to persistent AF.
Two patients were diagnosed with permanent AF.) Table
1 presents the comparison of the demographic data and
baseline echocardiographic parameters between the two
groups. Significant differences were found between the
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Fig. 1 - Relationship between the device size / total septum length
ratio and the development of atrial fibrillation.
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Table 1 - Clinical, echocardiographic, and implantable device characteristics of the study population

AF group Non-AF group p-value
n=13 n=143

Age (years) 41.02 £ 7.02 39.55+9.26 0.795
Gender (M/F) 2/11 7136 0.655
HT (n) 2 (15.8%) 3 (6.9%) 0.580
DM (n) 1(7.7%) 2 (4.65%) 0.555
CAD (n) 1(7.7%) 2 (4.65%) 0.555
CVA (n) 0() 0() -
LVEF (%) 62.39 + 8.32 64.76 + 8.08 0.180
LV-EDD (mm) 43.35 +7.44 42.38 + 4.85 0.660
LV-ESD (mm) 27.43 £5.53 25.53 +4.62 0.250
LA (mm) 36.69 + 5.41 33.44 +5.68 0.073
RA (mm) 45.84 +7.18 42.57 +8.10 0.197
RV - BD (mm) 42.38 + 8.66 39.89£7.12 0.137
IVS (mm) 9 (7.5-13) 9 (8-14) 0.298
PW (mm) 9 (7-13) 9(7-12) 0.383
E wave (cm/s) 67 (50-125) 80 (45-120) 0.655
A wave (cm/s) 64 (40-83) 76 (43-104) 0.018
E’ wave (cm/s) 16 £ 6.92 12.02 £+ 4.79 0.052
sPAP (mmHg) 36.61 +5.31 34.88 + 7.58 0.009
TAPSE (mm) 3.03 £ 0.44 2.91 +0.55 0.577
Qp/Qs 3.66 + 1.21 3.03+1.03 0.069
ASD size on TEE (mm) 2341 £4.25 17.32 +5.97 0.001
Total septum length (mm) 50.33 + 6.48 49.75 £ 6.61 0.781
Device size (mm) 28.30 £5.40 22.12 +5.75 0.001
Device size / total septum length ratio 0.56 + 0.087 0.44 £ 0.101 <0.001

A wave - late diastolic wave; CAD - coronary artery disease; CVA — cerebrovascular accident; DM - diabetes mellitus; E’ - early diastolic
myocardial velocity; E wave - early diastolic wave; HT - hypertension; IVS — interventricular septum; LA - left atrium, LV-EDD - left ventri-
cular end-diastolic diameter; LVEF - left ventricular ejection fraction; LV-ESD - left ventricular end-systolic diameter; PW - posterior wall;
Qp/Qs - ratio between pulmonary and systemic flow; RA - right atrium; RV-BD - right ventricle basal diameter; S’ - tricuspid lateral wall
annular systolic velocity; sPAP - systolic pulmonary artery pressure; TEE — transesophageal echocardiography.

Table 2 - Results of univariate and multivariate regression analyses showing the relationship between AF development

and investigated parameters

Univariable Multivariable

Variables OR 95% CI p OR 95% CI p

A wave (cm/sec) 0.014 0.001-0.655 0.030 0.020 0.004-9.471 0.073
LVEF (%) 1.094 1.010-1.185 0.027 1.066 0.917-1.239 0.404
LA (mm) 1.117 0.986-1.264 0.081 1.896 0.983-3.657 0.056
ASD size (mm) 1.235 1.066-1.430 0.005 0.739 0.469-1.666 0.194
Device size (mm) 1.218 1.062-1.396 0.005 0.885 0.582-1.344 0.565
Device size/total septum length ratio 1.028 1.014-1.072 0.002 1.066 1.010-1.112 0.039

AF - atrial fibrillation; ASD - atrial septal defect; A wave - late diastolic wave; Cl - confidence interval; LA - left atrium; LVEF - left ventri-
cular ejection fraction; OR - odds ratio.
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Fig. 2 - Receiver operating characteristic curve of the device size /
total septum length ratio for predicting AF development.

groups in terms of A wave (p = 0.018), sPAP (p = 0.009),
ASD size measured by transesophageal echocardiography
(p = 0.001), device size (p = 0.001), and the device size/
total septum length ratio (p <0.001; Fig. 1).

In regression analysis performed to determine the pre-
dictors of AF development during the 15-year follow-up,
the A wave, LVEF, LA, ASD size, device size, and the de-
vice size/total septum length ratio were identified as de-
pendent predictors in the univariable regression analysis
(Table 2). According to the multivariable regression analy-
sis, only the device size/total septum length ratio was an
independent predictor. Receiver operating characteristic
(ROCQ) analysis showed that the optimal cut-off value of
the device size/total septum length ratio was 0.49 (area
under the curve: 0.842, 95% confidence interval: 0.729-
0.954, p <0.001; Fig. 2), with a sensitivity of 76.9% and
a specificity of 67.4%.

During the annual follow-up, coronary artery disease
was detected in one patient and hypertension in two pa-
tients in the AF group. In the group without AF, coronary
artery disease was identified in two patients and hyper-
tension in three patients. No cerebrovascular disease or
mortality was observed in any patient.

Discussion

In this study, we examined the frequency and predictors
of AF in the long-term follow-up of patients who under-
went percutaneous ASD closure. Real-life data from our
country shows that 2.7% of patients diagnosed with AF
experience stroke and 7.5% die during a 12-month fo-
llow-up, which highlights the importance of diagnosing
and treating AF.° We found that the frequency of AF
development was 23.2% in our population. Previous stu-

dies have reported AF rates reaching 17-25% in the early
period following ASD closure. Abrahamyan et al., who
conducted one of the longest follow-up studies availa-
ble in the literature, reported an AF incidence of 14.9%
with a mean follow-up of 10.6 years after ASD closure.*
Our study covers an important period, with an average
follow-up duration of 15 years. We believe that the high
incidence of AF development (23.2%) in our study is due
to this extended follow-up period.

While exploring predictors of AF following ASD clo-
sure, it is necessary to emphasize the importance of
studies proving that ASD closure actually reduces the
frequency of AF."" Pathophysiologically, the presence of
ASD is known to lead to atrial structural and electrophysi-
ologic remodeling, thereby triggering AF. Although the
literature agrees that a large ASD can cause AF, there are
conflicting results regarding whether the size of the de-
vice used during ASD closure can predict AF. For example,
while Spies et al.” found no correlation between device
length and AF development, Chiu et al., evaluating 517
patients, reported that device length was an important
parameter for AF development.' In this study, we aimed
to investigate whether device size played a significant
role in AF development. We hypothesized that an in-
crease in the ratio of device length to total septum could
result in greater mechanical contact with the LA, affect-
ing atrial contraction movement and potentially causing
more electrophysiologic effects. Therefore, in addition to
ASD size and device size, we calculated the device size/
total septum length ratio. Our findings indicate that pa-
tients with a higher ratio experienced more frequent AF
development in the long term.

In our study, ASD size and device size were also statis-
tically significantly larger in the AF group, which aligns
with expectations. However, in our regression analysis,
only the device size/total septum length ratio emerged as
a significant long-term predictor.

We also observed associations between AF and echo-
cardiographic parameters such as PAP and A wave. The
relationship between PAP and AF has been well-docu-
mented in previous publications in patients with ASD'
and is consistent with our findings. The A wave, also
known as the ventricular late diastolic wave, was first de-
scribed as an indicator of atrial contraction strength and
was found to be significantly reduced in patients with
AF." The relationship between A-wave reduction and AF
development appears to be a logical consequence of flow
physiology. In the regression analysis model, LA diameter
did not emerge as an independent predictor. However,
we included it in the regression analysis model both to
demonstrate this and because it is one of the most im-
portant predictors of atrial fibrillation in the literature.
We believe the reason why initial LA diameter was not
found to be a long-term predictor of AF is that after ASD
closure, the atria enter a new modeling process, and the
initial LA diameter is no longer significant.

In our study, age did not significantly differ between
the two groups. While age is generally considered an im-
portant parameter for AF in both the general population
and ASD studies,'>'® the narrow age range of our cohort
and the absence of elderly patients may have mitigated
age-related effects in our findings.



460

ASD closure and AF

The literature also explores the relationship between
different brands of ASD closure devices and AF.> However,
in our study, only the Amplatzer septal occluder device
was used, ensuring a homogeneous population.

The absence of differences between the two groups in
terms of known risk factors for AF, such as hypertension
and coronary artery disease, in our 15-year follow-up data
allowed us to focus on baseline echocardiographic values
as predictors. Our study provides valuable insights due to
its extended follow-up period of 15 years, which is longer
than most studies in the literature. We demonstrated the
significance of the device size/total septum length ratio.

Previously identified predictors of AF were generally
non-modifiable factors."”” However, our findings suggest
that more precise measurements during percutaneous
ASD closure and careful selection of the smallest appro-
priate device may protect patients from AF development
in the long term.

Study limitations

Our study had a single-center and retrospective design
and was conducted with a relatively small number of pa-
tients. Age, hypertension, and various echocardiographic
measurements, which are known predictors of AF, were
not found to be statistically significant, likely due to the
small sample size and the exclusion of patients with addi-
tional risk factors.

Conclusion

This study found that the long-term risk of AF increased
as the device size/total septum length ratio increased in
patients who underwent percutaneous ASD closure. To
mitigate the risk of AF, we recommend that interventio-
nal cardiologists carefully measure ASD size and select the
smallest appropriate device.
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Kontext: Klicovym faktorem ovliviiujicim klinické vysledky koronarniho bypassu (coronary artery bypass
grafting, CABG) je volba $tépu. Diky svym vynikajicim biologickym vlastnostem a priichodnosti ve srovnani se
Stépy ze safény se postupem doby radidlni tepna stala preferovanym tepennym $tépem, nicméné mnozstvi
udajl z prospektivnich studii popisujicich kratkodobé klinické vysledky a obnovu funkci spojenych s pouZi-
tim radidlni tepny v rutinni klinické praxi je stale omezené.
Metody: Do této prospektivni deskriptivni studie byli zafazovéani dospéli pacienti, u nichz byl proveden elek-
tivni korondrni bypass na vysoce specializovaném kardiochirurgickém pracovisti. Ve studii se shromazdovaly
demografické, klinické, operacni a postoperacni udaje. Srdecni funkce se hodnotila elektrokardiograficky
a transtorakalni echokardiografii pred vykonem a béhem nésledného sledovani. Pacienti byli sledovani po
dobu 3-6 mésicli. Hodnotily se klinické vysledky, pooperacni komplikace, délka hospitalizace a pacientem
uvadéna kvalita Zivota. Statisticka analyza se provddéla pomoci neparametrickych testd pfi statistické vy-
znamnosti nastavené na hodnotu p < 0,05.
Vysledky: Do studie bylo zafazeno celkem 22 pacientd; sledovani bylo dokoncéeno u viech. Stépy z radidlni
tepny byly pouzity v 90,9 % pfipadu. Statisticky vyznamné pooperacni zlepseni potvrdilo jak elektrokar-
diografické vysetreni, tak echokardiografie (p < 0,001). Méné zavazné pooperacni komplikace se vyskytly
u 31,8 % pacient(; béhem sledovéni nedoslo k zddnému Umrti, ani se nevyskytl zadny pfipad infarktu myo-
kardu nebo cévni mozkové prihody. Kvalita Zivota se zlepsila u 95,5 % pacientd. Celkové Uspésnost vykonu
dosahla 90,9 %.
Zavéry: Pouziti radialni tepny jako stépu pro CABG bylo bezpecné a ucinné a bylo spojeno se statisticky vy-
znamnym zlepsenim srde¢ni funkce, nizkym vyskytem komplikaci a zlepsené kratkodobé kvality Zivota. Tato
zjisténi podporuji Castéjsi vyuzivani radidlni tepny jako stépu u vhodnych pacientt indikovanych k CABG.
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ABSTRACT

Background: Conduit selection is a critical determinant of clinical outcomes following coronary artery bypass
grafting (CABG). The radial artery has emerged as a preferred arterial conduit because of superior biological
properties and patency compared with saphenous vein grafts. However, prospective data evaluating short-
-term clinical outcomes and functional recovery associated with radial artery use remain limited in routine
clinical practice.

Methods: This prospective descriptive study included adult patients undergoing elective CABG at a tertiary
cardiac surgery center. Demographic, clinical, operative, and postoperative data were collected. Cardiac
function was assessed using electrocardiography and transthoracic echocardiography before surgery and
during follow-up. Patients were followed for 3-6 months. Clinical outcomes, postoperative complications,
hospital length of stay, and patient-reported quality of life were evaluated. Statistical analysis was perfor-
med using nonparametric tests, with a significance level set at p <0.05.

Results: A total of 22 patients were included, all of whom completed follow-up. Radial artery grafts were
utilized in 90.9% of cases. Significant postoperative improvement was observed in both electrocardiogra-
phic and echocardiographic findings (p <0.001). Minor postoperative complications occurred in 31.8% of
patients, with no reported cases of mortality, myocardial infarction, or stroke during the follow-up period.
Quality of life improved in 95.5% of patients. The overall procedural success rate was 90.9%.

Conclusions: The use of the radial artery as a conduit in CABG was safe and effective, resulting in significant
improvement in cardiac function, low complication rates, and enhanced short-term quality of life. These
findings support broader adoption of the radial artery as a preferred arterial conduit in suitable patients
undergoing CABG.
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Introduction

Though there is a noticeable advancement in the phar-
macological therapy and percutaneous coronary inter-
vention (PCl), the empirical findings show that coronary
artery disease (CAD) continues to impose a considerable
worldwide health burden. In addition, it has been esta-
blished that CAD is among the leading causes of cardio-
vascular morbidity and mortality all over the world."3
Although contemporary medical therapy and PCl have
significantly improved outcomes in patients with stable
and anatomically less complex disease, their benefits di-
minish as coronary complexity increases.* Consequently,
in patients with multivessel CAD, left main coronary ar-
tery involvement, or diabetes mellitus, coronary artery
bypass grafting (CABG) remains the most reliable and
durable revascularization strategy.® This strategy offers
superior long-term survival and sustained freedom from
repeat revascularization.5’

Importantly, the long-term success of CABG extends
beyond operative technique and perioperative care.
Rather, it is critically shaped by conduit selection, as graft
durability directly influences postoperative survival, re-
current ischemia, the need for subsequent interventions,
and long-term quality of life.®® Among the available con-
duits, the left internal thoracic artery (LITA) has consis-
tently demonstrated exceptional long-term patency and
survival benefit and is therefore universally accepted as
the gold-standard graft for revascularization of the left
anterior descending artery.®'® In contrast, the optimal
choice of a second conduit remains less clearly defined
and continues to be the subject of active clinical investi-
gation.”

For decades, the saphenous vein graft (SVG) has served
as the default second conduit, largely due to its availabil-
ity, ease of harvesting, and technical versatility.’”> How-
ever, mounting long-term evidence has revealed inherent
biological limitations of venous grafts.'* When exposed
to systemic arterial pressure, SVGs are vulnerable to en-
dothelial injury, intimal hyperplasia, and accelerated
atherosclerotic change, processes that ultimately lead to
progressive luminal narrowing and graft occlusion.'®
Indeed, angiographic studies have shown that up to 40-
50% of SVGs may fail within a decade following CABG,
thereby undermining long-term procedural durability
and clinical benefit."”'

By comparison, arterial conduits possess intrinsic bio-
logical characteristics that confer superior long-term
performance.’” These include preserved endothelial func-
tion, enhanced nitric oxide-mediated vasodilation, and
greater resistance to atherosclerotic degeneration.?0?!
Within this context, the radial artery has emerged as
a particularly compelling alternative.?? Its favorable ana-
tomical profile, appropriate luminal diameter, muscular
wall composition, and capacity for physiological vasomo-
tor adaptation render it well suited for coronary bypass
grafting when carefully selected and supported by appro-
priate pharmacological management.?:24

Over the past two decades, a growing body of evi-
dence from randomized controlled trials and large-scale
observational studies has consistently demonstrated su-
perior patency rates and improved clinical outcomes with

radial artery grafts compared with SVGs.?* Notably, the
Radial Artery Patency Study and subsequent meta-analy-
ses have reported significantly lower rates of graft occlu-
sion and major adverse cardiac events among patients re-
ceiving radial artery conduits.®?*?¢ Furthermore, extended
follow-up data suggest that radial artery use is associated
with improved survival and a reduced need for repeat re-
vascularization, particularly among younger patients and
those with diabetes mellitus.?”

In response to this accumulating evidence, contempo-
rary international guidelines have increasingly endorsed
the radial artery as the preferred second arterial conduit
in suitable candidates undergoing CABG.% Both the Eu-
ropean Society of Cardiology (ESC) and the American
College of Cardiology/American Heart Association (ACC/
AHA) guidelines now recommend radial artery grafting
over saphenous vein use in the absence of contraindica-
tions, highlighting its long-term clinical.?*3°

Despite strong evidentiary support and clear guide-
line endorsement, the adoption of radial artery graft-
ing remains uneven across institutions and geographic
regions.?®3" This variability is particularly pronounced in
low- and middle-income settings, where concerns related
to surgical expertise, operative duration, vasospasm, and
resource availability may limit routine implementation.®
Moreover, although graft patency and long-term survival
have been extensively examined, prospective data ad-
dressing short-term postoperative outcomes, functional
recovery, and patient-reported quality of life in everyday
clinical practice remain comparatively scarce.

Against this backdrop, the present study was designed
to prospectively evaluate the safety and clinical effec-
tiveness of radial artery grafting in patients undergo-
ing elective CABG. Specifically, we sought to assess early
postoperative cardiac function, perioperative complica-
tion rates, and short-term quality-of-life outcomes. We
hypothesized that the use of the radial artery as a bypass
conduit would be associated with favorable early clini-
cal outcomes, a low complication profile, and meaning-
ful improvements in short-term quality of life following
CABG.

Patients and methods

Study design and setting

This study was designed as a prospective descriptive in-
vestigation conducted at a tertiary cardiac surgery center
in Yemen. The study aimed to evaluate short-term clini-
cal outcomes associated with the use of the radial artery
as a conduit in coronary artery bypass grafting (CABG).
The research protocol followed standard clinical research
principles and reflected routine surgical practice at the
study center.

Study population

Adult patients scheduled for elective CABG were conse-
cutively screened for eligibility during the study period.
Inclusion criteria comprised patients aged 35 years or
older who were candidates for isolated elective CABG.
Patients undergoing emergency surgery, those with a his-
tory of previous CABG, severe left ventricular dysfunction
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(left ventricular ejection fraction <30%), significant val-
vular heart disease requiring surgical intervention, aortic
pathology, or peripheral vascular disease affecting radial
artery suitability were excluded. Patients unable or unwi-
lling to provide informed consent were also excluded.

Preoperative assessment

All enrolled patients underwent comprehensive preope-
rative evaluation, including detailed medical history and
physical examination. Cardiovascular risk factors such as
diabetes mellitus, hypertension, hypercholesterolemia,
smoking status, physical inactivity, and khat chewing were
documented. Baseline investigations included electrocar-
diography, transthoracic echocardiography, laboratory
testing, and coronary angiography. Radial artery suita-
bility was assessed clinically, and Doppler ultrasonogra-
phy was performed when indicated to confirm adequate
collateral circulation and exclude arterial disease.

Surgical technique

All CABG procedures were performed through a standard
median sternotomy under general anesthesia. The radial
artery was harvested using an open, atraumatic tech-
nique with meticulous handling to minimize endothelial
injury. Intraoperative antispasmodic measures were rou-
tinely employed. The radial artery graft was anastomosed
to coronary vessels with significant stenosis to reduce the
risk of competitive flow. The number and configuration
of grafts were determined according to coronary anato-
my and surgeon discretion.

Postoperative management and follow-up
Following surgery, patients were managed according to
standard postoperative care protocols, including inten-
sive care monitoring and guideline-directed medical the-
rapy. Antiplatelet agents, statins, and other cardiovascu-
lar medications were prescribed unless contraindicated.
Clinical assessments were between 3 and 6 months after
surgery. Follow-up evaluations included physical exami-
nation, electrocardiography, echocardiography, and asse-
ssment of postoperative complications. Coronary compu-
ted tomography angiography was performed selectively
to assess graft patency when clinically indicated.

Outcome measures

The primary outcome was overall procedural success,
defined as survival without major adverse cardiac or ce-
rebrovascular events and with objective improvement in
cardiac function. Secondary outcomes included postope-
rative complications, length of hospital stay, need for re-
peat revascularization, graft patency when assessed, and
patient-reported quality of life.

Data collection and management

Data were collected using a structured case report form
and entered into a secure database. Data accuracy and
completeness were verified prior to analysis. All patient
identifiers were removed to ensure confidentiality.

Statistical analysis
Statistical analysis was performed using SPSS software.
Continuous variables were summarized as means and

standard deviations, while categorical variables were
presented as frequencies and percentages. Preoperative
and postoperative comparisons were conducted using the
Wilcoxon signed-rank test. Associations between catego-
rical variables were analyzed using the chi-square test,
and correlations were evaluated using Pearson’s correla-
tion coefficient. All statistical tests were two-sided, and
a p-value <0.05 was considered statistically significant.

Ethical considerations

The study was conducted in accordance with the princi-
ples of the Declaration of Helsinki. Ethical approval was
obtained from the institutional review board of the study
center. Written informed consent was obtained from all
participants prior to enrollment. Patient confidentiality
and data protection were strictly maintained throughout
the study.

Results

Patient enrollment and baseline
characteristics

Table 1 presents the demographic characteristics and
personal habits of the study participants. The mean age
of the patients was 50.0 + 10.5 years, with the majori-

Table 1 - Demographic characteristics
of the study population (N = 22)

Variable Category n %
Age (years) <50 14 63.6
>50 8 36.4
Mean = SD 50.0+ 105 —
Sex Male 22 100
Body mass index Underweight (<18) 1 4.5
(el Normal (18-249) 4 182
Overweight (25-29.9) 14 63.6
Obese (>30) 3 13.6
Mean + SD 260+35 —
Marital status Married 19 86.4
Divorced 3 13.6
Residence Urban 14 63.6
Rural 8 36.4
Smoking Yes 14 63.6
No 8 36.4
Tobacco powder  Yes 10 455
use No 12 54.5
Regular exercise  Yes 4 18.2
No 18 81.8
Khat chewing Yes 17 77.3
No 5 22.7
Regular Yes 5 22.7
medication use No 17 773
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Table 2 - Post-surgery outcomes at >3 and 6 months (N = 22)

Follow- Outcome Category/Symptom n %
-up
period
>3 Clinical Improvement 21 95.5
months outcome Wound infection 1 45
Adverse events Bleeding 0 0.0
Stroke 0 0.0
Myocardial infarction 0 0.0
Heart failure 0 0.0
Pericardial effusion 0 0.0
Death 0 0.0
6 Complications  Yes 7 31.8
e No 15 682
Symptoms Chest pain 0 0.0
Shortness of breath 0 0.0
Palpitations 0 0.0
Leg swelling 7 31.8
Other 0 0.0

ty being younger than 50 years (63.6%). All participants
were male. The mean body mass index (BMI) was 26.0
+ 3.5 kg/m?; most patients were classified as overweight
(63.6%), while 13.6% were obese. The majority of pati-
ents were married (86.4%) and resided in urban areas
(63.6%). Regarding personal habits, a high proportion of
participants reported cigarette smoking (63.6%) and khat
chewing (77.3%). Most patients did not engage in regu-
lar physical exercise (81.8%) and did not use medications
regularly (77.3%). More than half of the participants re-
ported no use of tobacco powder (54.5%).

Post-surgery evaluation (>3 months)

Long-term postoperative outcomes, including both the
three-month and six-month follow-ups, are summari-
zed in Table 2. At three months post-surgery, the ma-

jority of patients exhibited clinical improvement (21
patients, 95.5%), while only one patient (4.5%) experi-
enced a wound infection, which subsequently resolved
with appropriate care. No adverse events such as blee-
ding, stroke, myocardial infarction, heart failure, pe-
ricardial effusion, or death were reported during this
period.

At six months post-surgery, most patients continued to
show favorable outcomes with no complications (15 pa-
tients, 68.2%). A minority of patients (7 patients, 31.8%)
experienced complications, all of which were limited to
leg swelling. No patients reported chest pain, shortness
of breath, palpitations, or other cardiac-related symp-
toms, indicating sustained clinical stability and safety of
the surgical procedure over time (Fig. 1).

Medical history, cardiovascular risk factors,

and surgical characteristics

The medical history, cardiovascular risk factors, and sur-
gical characteristics of the study population are summa-
rized in Table 3. Among the 22 participants, common
comorbidities included hypercholesterolemia (14 pati-
ents, 63.6%), diabetes mellitus (13 patients, 59.1%), phy-
sical inactivity (13 patients, 59.1%), obesity (9 patients,
40.9%), and hypertension (8 patients, 36.4%). These fin-
dings highlight the prevalence of modifiable and non-
-modifiable risk factors in this patient cohort.

Regarding surgical characteristics, radial artery grafts
were employed in 20 patients (90.9%). In all cases where
the radial artery was used, a single graft was implanted.
Additional arterial or venous grafts were required in
one patient (4.5%). No intraoperative mortality or ma-
jor technical complications were reported, reflecting the
safety and technical feasibility of the procedure.

Success rate after surgery

Overall, 20 patients (90.9%) were classified as having
a successful surgical outcome, while 2 patients (9.1%) did
not meet the success criteria (Table 4).

Cardiac function before and after surgery
Cardiac and vascular evaluations were performed preope-
ratively and postoperatively to assess the effectiveness of

Table 3 - Medical history, cardiovascular risk factors, and surgical characteristics

Category Variable Category/Outcome n %
Medical history & cardiovascular risk factors Diabetes mellitus — 13 59.1
Hypertension — 8 36.4
Hypercholesterolemia — 14  63.6
Obesity — 9 40.9
Physical inactivity = 13 59.1
Surgical characteristics Radial artery graft used Yes 20 909
No 2 9.1
Number of RA grafts One 20 90.9
None 2 9.1
Additional grafts used Yes 1 45

No 21 955
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Fig. 1 - Complete revascularization after surgery using CT angiography.

coronary artery bypass grafting using radial artery grafts
(Table 5).

Preoperative assessment revealed that the majority of
patients had abnormal findings on electrocardiography
(ECG) (21 patients, 95.5%), while only one patient (4.5%)
demonstrated a normal ECG. Similarly, all participants (22
patients, 100%) had abnormal echocardiographic findings
prior to surgery, indicating significant baseline cardiac
dysfunction.

Postoperative assessments demonstrated marked im-
provement in cardiac function. All patients exhibited
normal ECG and echocardiographic findings (22 patients,
100%). Additionally, postoperative Doppler ultrasonogra-
phy of the upper limbs and abdominal ultrasonography
were normal in all patients (100%), suggesting restoration
of vascular integrity.

Regarding hospital stay, most patients were discharged
within 10 days (13 patients, 59.1%), while a minority re-

quired hospitalization for more than 10 days (9 patients,
40.9%). These findings indicate that the surgical interven-
tion resulted in substantial improvements in cardiac func-
tion, vascular status, and early postoperative recovery.

Mean differences in cardiac

and vascular evaluations

Wilcoxon signed-rank test analysis demonstrated a sta-
tistically significant postoperative improvement in both
ECG findings (Z = -4.583, p <0.001) and echocardiogra-
phic parameters (Z = -4.690, p <0.001), as summarized in
Table 6. These results indicate a marked improvement in
cardiac electrical and functional status following surgical
intervention.

Post-operative outcomes
As shown in Table 7, it is noticed that in the early postope-
rative period (1 day to 3 months), the majority of patients
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Table 4 - Success rate after surgery

Outcome
Success
Fail

n
20

%
90.9
9.1

Table 8 — Association between residence and surgical success

Residence  Success, n (%) Failure, n (%) & p-value
Urban 14 (63.6) 0 (0) 3.85 0.050
Rural 6 (27.3) 2(9.1)

Table 5 - Cardiac and vascular evaluations before
and after surgery (N = 22)

Evaluation Variable

period

Pre-surgery  ECG

Category

Normal

Abnormal

Echocardiography Normal

Post-surgery  ECG

Abnormal
Normal

Abnormal

Echocardiography Normal

Abnormal
Doppler U/S Normal
(upper limb) Abnormal
Abdominal U/S Normal

Abnormal
Hospital stays <10 days

>10 days

n

9

%

4.5
95.5
0.0
100
100
0.0
100
0.0
100
0.0
100
0.0
59.1
40.9

Table 6 — Comparison of pre- and post-operative

cardiac function (Wilcoxon test)

Variable
ECG

Echocardiography

Z-value p-value
-4.583 <0.001 Significant

Interpretation

improvement

-4.690 <0.001 Significant

improvement

Table 7 - Post-operative outcomes

Category

Early outcomes
(1 day-3 months)

Medium-term
outcomes (6 months)

Quality of life after
surgery

Overall, success rate

Outcome

Clinical improvement
Revascularization
Irregular heartbeat
Major complications
Any complication
Leg swelling

Chest pain / Ml / Stroke
Excellent

Very good

Good

Fair / Poor

Successful

Failed

%
86.4
9.1
4.5

31.8
31.8

18.2
713
4.5

90.9
9.1

Table 9 - Correlation between number of grafts and post-oper-
ative outcomes

Outcome variable Pearson r p-value
Hospital stays 0.177 0.431
Early outcomes (<3 months) 0.000 1.000
Late outcomes (>3 months) -0.836 <0.001
Quality of life -0.191 0.396

demonstrated favorable recovery. Clinical improvement
was observed in 19 of the participants (86.4%), while
revascularization was documented in 2 patients (9.1%).
Only one patient (4.5%) experienced an irregular heart-
beat, and there were no major complications during this
interval, highlighting a generally positive short-term sa-
fety profile. At the medium-term follow-up at 6 months,
31.8% of patients (n = 7) reported complications, all of
which were attributable to leg swelling; there were no
events of chest pain, myocardial infarction, or stroke, in-
dicating an absence of serious cardiopulmonary adverse
outcomes in this cohort.

Assessment of quality-of-life following surgery re-
vealed predominantly high patient-reported outcomes,
with 4 patients (18.2%) rating their status as excellent,
17 (77.3%) as very good, and 1 (4.5%) as good; none of
the patients reported fair or poor quality of life. Overall,
the success rate of the surgical intervention was 90.9%
(n=20), with a failure rate of 9.1% (n = 2), demonstrat-
ing a high level of clinical effectiveness within the studied
sample.

Association between residence

and surgical success

As noticed in Table 8, a statistically significant association
was observed between place of residence and procedural
success, with higher success rates among patients residing
in urban areas (32 = 3.85, p = 0.05).

No significant associations were identified between
procedural success and age, body mass index, marital
status, educational level, smoking status, khat chewing,
physical activity, or medication adherence.

Correlation between number of grafts

and post-operative outcomes

As shown in Table 9, the findings of the Pearson correla-
tion analysis demonstrated a strong negative correlation
between the number of grafts implanted and late post-
operative outcomes beyond three months (r = -0.836, p
<0.001). No significant correlations were observed be-
tween the number of grafts and hospital length of stay,
early postoperative outcomes, or postoperative quality of
life.
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Discussion

Principal findings

In this prospective cohort study, use of the radial arte-
ry as a conduit for elective coronary artery bypass graf-
ting (CABG) was associated with excellent short-term
clinical outcomes, including significant postoperative
improvements in objective cardiac function measures,
a low incidence of perioperative and early postoperative
complications, the absence of major adverse cardiac and
cerebrovascular events, and substantial enhancement in
patient-reported quality of life. These data provide com-
pelling evidence for the safety, procedural success, and
clinical effectiveness of radial artery grafting in contem-
porary CABG practice.

Interpretation in the context of existing evidence
The normalization of electrocardiographic and echo-
cardiographic parameters observed postoperatively in
this study indicates effective myocardial revasculariza-
tion and early functional recovery, consistent with the
known biological advantages of arterial over venous
conduits. Arterial grafts such as the radial artery main-
tain endothelial integrity, preserve nitric oxide-media-
ted vasomotion, and demonstrate greater resistance to
intimal hyperplasia and atherosclerotic degeneration
compared with saphenous vein grafts, supporting me-
chanistic plausibility for superior outcomes with arterial
conduit.20:2132

Randomized controlled trials and large observational
studies have consistently demonstrated higher patency
rates and improved clinical outcomes with radial artery
grafts relative to saphenous vein grafts.®?*3* Long-term
analyses further suggest that the use of the radial artery
is associated with improved survival and reduced need for
repeat revascularization, particularly in younger patients
and those with diabetes mellitus.?’ Although the present
study focused primarily on short-term outcomes, the fa-
vorable early functional recovery observed may represent
an important mechanistic link between superior graft bi-
ology and improved long-term prognosis.

The low incidence of postoperative complications and
the absence of mortality, myocardial infarction, or stroke
during follow-up further support the safety profile of
radial artery grafting.>* Earlier concerns regarding radial
artery vasospasm, technical complexity, and increased
operative time have been largely mitigated through ad-
vances in harvesting techniques, atraumatic conduit han-
dling, and routine use of perioperative antispasmodic
therapy.®?%3 The application of these contemporary
strategies in the present cohort likely contributed to the
observed low complication rates and favorable outcomes.

Quality of life and patient-centered outcomes

An important and clinically relevant finding of this study
is the substantial improvement in postoperative quality
of life, with most patients reporting very good or ex-
cellent outcomes. While much of the existing literature
has focused on angiographic graft patency and survival,
patient-reported outcomes have received comparatively
less attention. Nevertheless, quality of life and functional
recovery are increasingly recognized as critical endpoints

in cardiovascular surgery, particularly in the context of
elective revascularization.”*¢37

The observed improvement in quality of life likely
reflects effective symptom relief, enhanced myocardial
perfusion, improved cardiac function, and an uncompli-
cated postoperative course. These findings are consistent
with prior studies suggesting that arterial revasculariza-
tion strategies may translate into better functional status
and patient satisfaction, beyond traditional hard clinical
endpoints.>*® From a patient-centered perspective, these
outcomes are highly relevant, as they directly influence
return to daily activities, adherence to secondary preven-
tion, and overall well-being.*

Clinical implications

The findings of this study add to the growing body of
evidence supporting the radial artery as the preferred
second arterial conduit in CABG, as increasingly reco-
mmended by contemporary international guidelines.?3°
In appropriately selected patients, radial artery grafting
appears to provide effective myocardial revascularization
without increasing perioperative risk, while offering me-
aningful improvements in early functional and quality-of-
-life outcomes.?® These results support broader adoption
of arterial revascularization strategies, particularly in cen-
ters seeking to optimize short-term recovery and patient
satisfaction following CABG.

The observed association between urban residence
and procedural success may reflect differences in health-
care access, postoperative follow-up, health literacy, and
adherence to guideline-directed medical therapy. Al-
though this finding should be interpreted cautiously due
to potential confounding factors, it underscores the im-
portance of structured postoperative care pathways and
equitable access to follow-up services to ensure optimal
outcomes across diverse patient populations.

Limitations

Several limitations of this study should be acknowledged.
The relatively small sample size and single-center design
may limit the generalizability of the findings, while the
exclusive inclusion of male patients restricts applicability
to female populations. In addition, the follow-up durati-
on was insufficient to evaluate long-term graft patency
and survival outcomes, which have been emphasized in
prior studies. Routine postoperative angiographic asse-
ssment was not performed in all patients, and residual
unmeasured confounding cannot be excluded.

The modest sample size should be interpreted within
the context of the study’s prospective design and clini-
cal setting. This investigation was conducted at a single
tertiary cardiac surgery center in a low-resource, conflict-
affected environment, where the volume of elective
coronary artery bypass grafting is inherently limited. Fur-
thermore, stringent inclusion and exclusion criteria were
applied to ensure patient safety and cohort homogene-
ity, particularly regarding elective surgery, radial artery
suitability, and preserved left ventricular function.

Despite these constraints, the prospective nature of
the study, complete follow-up of all enrolled patients,



468 Effect of Radial Artery Grafting on Clinical Outcomes After CABG

and use of paired pre- and postoperative assessments
enhanced internal validity and statistical efficiency.
The large and statistically robust effect sizes observed
for key outcomes, including electrocardiographic and
echocardiographic improvement, indicate adequate
sensitivity to detect clinically meaningful short-term
changes. Importantly, the study was designed as a de-
scriptive and exploratory investigation aimed at evalu-
ating early safety, feasibility, and functional outcomes
of radial artery grafting in routine clinical practice
rather than providing definitive comparative or long-
term efficacy estimates.

Accordingly, the findings should be considered hy-
pothesis-generating and context-specific, offering valu-
able prospective evidence from an underrepresented set-
ting. Larger multicenter studies with extended follow-up
are warranted to confirm these results and to assess long-
term graft patency and survival outcomes.

Conclusion

This prospective study demonstrates that the use of the
radial artery as a conduit in coronary artery bypass graf-
ting is safe and effective in routine clinical practice. Ra-
dial artery grafting was associated with significant post-
operative improvement in objective measures of cardiac
function, a low incidence of perioperative and short-term
complications, and substantial enhancement in patient-
-reported quality of life. No major adverse cardiac or ce-
rebrovascular events were observed during follow-up.

These findings support the role of the radial artery as
a preferred arterial conduit in appropriately selected pa-
tients undergoing elective CABG. When combined with
careful patient selection, meticulous surgical technique,
and structured postoperative care, radial artery grafting
can achieve high procedural success without increasing
perioperative risk.

Although the follow-up period was limited and the
study population was relatively small, the results are con-
sistent with existing evidence cited in this manuscript and
contribute context-specific prospective data on short-
term outcomes following radial artery use in CABG. Larg-
er, multicenter studies with longer follow-up are war-
ranted to further evaluate long-term graft durability and
survival outcomes.
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Klinicky je testovana rada nefarmakologickych postupd, které ovliviiuji rozli¢né patofyziologické mechanis-
my srdecniho selhani. Metody se nachazeji v rGzném stadiu vyvoje. V ¢lanku se zaméfujeme na katetrizacni
techniky lé¢by srde¢niho selhani, zejména na katetriza¢ni remodelaci levé komory a mezisifiovou komuni-
kaci. V pfipadé katetrizani remodelace levé komory vykazuji nékteré systémy nadéjné vysledky u peclivé
vybranych pacient( v rukou zkuseného tymu. Mezisirnova komunikace se také zda efektivni u urcitych skupin
nemocnych se srde¢nim selhanim, a to jak se zachovanou, tak snizenou ejekéni frakci levé komory.
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ABSTRACT

A number of non-pharmacological approaches that affect various pathophysiological mechanisms of heart
failure are being clinically tested. These methods are at different stages of development. This article focuses
on catheter-based techniques for the treatment of heart failure, especially catheter-based left ventricular
remodeling and interatrial communication. Regarding catheter-based left ventricular remodeling, some sys-
tems have shown promising results in carefully selected patients when performed by an experienced team.
Interatrial communication also appears to be effective in certain subgroups of patients with heart failure,
both with preserved and reduced left ventricular ejection fraction.

Existuje fada katetrizacnich technik, které Ize vyuzit v |é¢-
bé srde¢niho selhdni. V sir§im pojeti mezi né mizeme za-
hrnout i revaskulariza¢ni vykony (perkutdnni koronarni
intervence) a katetrizacni intervence na chlopnich. Stale
vyznamnéjsi misto v 1é¢bé srde¢niho selhani zaujima ze-
jména edge-to-edge plastika atrioventrikularnich chlopni,
predeviim mitralni chlopné.

V ¢lanku se zamérujeme na katetrizacni techniky, které
nejsou v tak Sirokém obecném povédomi, a to konkrétné
na katetriza¢ni remodelaci levé komory (LK), v¢éetné remo-
delace LK pomoci redukce plicnice, a dale na mezisirfiovou
komunikaci (interatridlni shunt).

Katetriza¢ni remodelace levé komory

Srdecni selhani se snizenou ejek¢ni frakci je charakterizo-
vano progresivni dilataci LK. Vétsi rozmér LK zvysuje na-
péti jeji stény (Laplacelv zdkon), coz prispiva k dalsi pro-
gresi remodelace a zvysuje energetické naroky myokardu.
Principem katetriza¢ni remodelace je ovlivnit pfiznivé ge-
ometrii LK, a snizit tak napéti jeji stény, aby byly vytvoreny
podminky pro jeji reverzni remodelaci.’

Chirurgické remodelacni operace LK jsou v rdiznych mo-
difikacich pouzivany vice nez pul stoleti. Tuto techniku roz-
vinul predeviim francouzsky kardiochirurg Vincent Dor.?
Chirurgicka ventrikuloplastika vsak predstavuje zpravidla
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pfidruzeny vykon doprovazejici chirurgickou revaskulari-
zaci myokardu, nikoli samostatnou nefarmakologickou lé¢-
bu srde¢niho selhdni. Navic evidence o pfinosu chirurgické
ventrikuloplastiky je rozporuplnd. Nejvétsi randomizovana
klinickd studie srovnavajici samotnou chirurgickou revasku-
larizaci myokardu s chirurgickou revaskularizaci myokardu
doplnénou o ventrikuloplastiku u pacientd s vyraznou poru-
chou kinetiky v oblasti pfedni stény LK (STICH) neprokazala
profit z konkomitantniho remodela¢niho vykonu.? Vent-
rikuloplastikou se ale v této studii dosahlo jen velmi malé
redukce objemu LK, coZ bylo jednim z predmétl kritiky
studie. Post hoc podskupinové analyza studie STICH a dalsi
data naznacila, Ze pokud se dosahne remodela¢nim vyko-
nem podstatnéjsiho snizeni objemu LK, pacienti ze zakroku
profituji.*® Nicméné zasadnim negativnim aspektem chirur-
gické remodelace LK zUstava vyrazna invazivnost vykonu.

V neddvné dobé byly testovany remodelacni postupy,
které spocivaly v komorové bandazi provedené z miniin-
vazivniho chirurgického pfistupu. Jednalo se napf. o sys-
témy VenTouch, CorCap nebo HeartNet."%'" V klinické

praxi se nicméné neuplatnily pro absenci robustnéjsich
dat o ucinnosti.

Soucasné byla a je vyvijena fada dal3ich systému, které
pro remodelaci LK vyuzivaji ¢isté katetrizacni, popfipadé
hybridni pristup. U nékterych systému byl jiz vyvoj ukon-
Cen a do klinické praxe se neprosadily, u jinych vyzkum
stale pokracuje. Za zminku stoji, Ze nékteré tyto systé-
my byly primdrné urcené pro lécbu sekundarni mitrdlni
regurgitace, ale prokazaly pfiznivy remodelac¢ni efekt
i u pacientd se srde¢nim selhanim bez vyznamnéjsi ne-
domykavosti na mitralni chlopni, napf. systémy Carillon
nebo AccuCinch. V dal$im textu uvadime pfriklady nékte-
rych testovanych systému.

Parachute

Principem intervence systémem Parachute (CardioKinetix,
Menlo Park, USA) byla katetriza¢ni okluze apikalniho po-
infarktového aneurysmatu LK pomoci implantatu tvaru
rozepnutého destniku (obr. 1)."? Vyvoj tohoto systému byl
ukoncen.

Obr. 1 - Vysetieni vypocetni tomografii po katetriza¢ni okluzi apikalniho aneurysmatu levé komory systémem Para-
chute (CardioKinetix). Vlevo trojrozmérna rekonstrukce, vpravo dvojrozmérné zobrazeni ze ¢tyfdutinové projekce.™
(Zdroj: Radiodiagnostické oddéleni, FNMH, pracovisté Homolka)

Pravokomorova

Uzaviraci
kotva

kotva

Obr. 2 - Schematické znazornéni pficného fezu srde¢nimi komorami se zobrazenim exkluze jizevnaté tkané (Seda
barva) pomoci hybridniho kotevniho systému Revivent TC (A) a vyznacenim (zelené) rtznych zpisobt nalozeni

kotev tohoto systému (B)."
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Aorta 3 pary kotev

Leva
komora

Obr. 3 - Stav po hybridni remodelaci systémem Revivent TC se
znazornénim tii para kotev. Vysetieni srdce vypocetni tomografii
v trojrozmérné rekonstrukci. Upraveno podle Naar J et al. J Cardio-
vasc Transl Res 2021." (Zdroj: Radiodiagnostické oddéleni, FNMH,
pracovisté Homolka)

Revivent TC

Remodelace systémem Revivent TC (Bioventrix, San Ra-
mon, USA) je rovnéz urcena pro pacienty s ischemickou
dysfunkci LK, konkrétné pro nemocné s transmuralni jiz-
vou v povodi ramus interventricularis anterior. Spociva
v exkluzi jizevnaté tkané pomoci dvojic kotev. Jednd se
o vykon v pravém slova smyslu hybridni, kdy interven¢ni
kardiolog zavadi katetriza¢né cestou vena jugularis inter-
na na pravokomorovou (cast interventrikularniho septa
vnitfni kotvu a soucasné kardiochirurg naklada z levo-
stranné minitorakotomie protilehlou uzaviraci kotvu (obr.
2A). V prGméru se k remodelaci pouzije trojice kotev (obr.
3), pficemz nékteré kotvy (vice apikalni) Ize nalozit pouze
chirurgicky epikardialné, a to bud pres obé komory, nebo
pouze pres LK (obr. 2B). Zakrok je provadén v celkové an-
estezii na bijicim srdci, po vykonu pacienti uzivaji antiko-
agulacni Ié¢bu minimalné po dobu tii mésicu.

Dosavadni dukazy o ucinnosti hybridni remodelace sys-
témem Revivent TC vychazeji z mensich nerandomizova-
nych studii. V prvni prospektivni multicentrické studii bylo
na 86 pacientech se srde¢nim selhanim s tfidou NYHA (New
York Heart Association) > Il a ejek¢ni frakei LK 15-45 % po
roce sledovani demonstrovdno vyznamné snizeni objem
LK a zlep3eni kvality Zivota a tolerance zatéze. Nicméné
pouze u 35 pacientd byl pouzit hybridni miniinvazivni
pfistup, ostatni pacienti byli operovani ze sternotomie.'
Rovnéz i my jsme prokazali na souboru 23 pacientd, kte-
fi byli intervenovani hybridnim pfistupem, vyznamné pe-
riproceduralni snizeni objemU LK. Tento efekt pretrvaval
i po dobu pétiletého sledovani.’ Nejrozsahlejsi evidence
o uc¢innosti a bezpecnosti systému Revivent TC pak pochazi
z prospektivni nerandomizované studie ALIVE (n = 126),
ktera neprokazala zlepseni ve slozeném klinickém cilovém
ukazateli Ucinnosti.'® Zajimavosti této studie je, Ze pacien-
ti intervenovani cisté chirurgickym pfistupem (n = 23), tj.
s naloZzenim v3ech kotev miniinvazivnim chirurgickym pfi-
stupem epikardidlné, vykazovali v porovnani s pacienty
intervenovanymi hybridnim pfistupem lepsi vysledky, a to
jak po strance ucinnosti, tak i bezpecnosti. Ddvodem mUze
byt to, ze hybridni remodelace timto systémem vyzadu-
je urcitou ucebni krivku a do studie ALIVE byla zarazena
i nova centra. Nejcastéjsi komplikaci tohoto zpusobu re-
modelace je zhorseni regurgitace na atrioventrikuldrnich
chlopnich, zejména trikuspidalni.

Dalsi uvddéné systémy se pouzivaji predevsim ke ka-
tetrizacni remodelaci LK, jejiz dysfunkce je neischemické
etiologie.

Carillon

Podstatou remodelace systémem Carillon (Cardiac Dimen-
sions, Kirkland, USA) je staZzeni LK na urovni mitralniho
prstence pomoci implantatu umisténého do koronarniho
sinu (obr. 4). Metaanalyza tfi studii, z nichZ jedna byla
randomizovana (REDUCE FMR), prokazala u pacientl
s end-diastolickym rozmérem LK > 55 mm, NYHA tfidou
II-IV a mitralni regurgitaci 2.-4. stupné nejen zmenseni
vyznamnosti mitrdIni regurgitace, ale také zlepSeni mor-
fologie LK a funkcnich parametr(.'”.'8

Obr. 4 - Nalevo skiaskopie s angiografickym zobrazenim koronarniho sinu, napravo implantét Carillon zavedeny
v koronarnim sinu. Cervena Sipka oznacuje proximalni kotvu implantatu, modra Sipka distalni kotvu implantatu.
(Zdroj: Kardiologicka klinika, 1. LF UK a FNMH, pracovisté Homolka)
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Obr. 5 - Schematické znazornéni katetrizacni remodelace levé komory pomoci systému AccuCinch
(Ancora Heart)."”

Obr. 6 - Periproceduralni skiaskopie béhem implantace systému AccuCinch. Nalevo je situace po im-
plantaci kotev pred stazenim, napravo pak po stazeni propojovaciho vlakna. Na obrazku je dale patr-
na jicnova echokardiograficka sonda a sifiova a defibrilacni elektroda implantabilniho kardioverteru-
-defibrilatoru. (Zdroj: Kardiologicka klinika, 1. LF UK a FNMH, pracovisté Homolka)

AccuCinch
Remodelace LK systémem AccuCinch (Ancora Heart, San-
ta Clara, USA) je zaloZena na implantaci série kotvicek do
myokardu bazalnich segmentl volné stény LK asi 1-2 cm
pod urovni mitrdlniho prstence. Kotvicky jsou propojeny
spojovacim vldknem, na kterém jsou mezi kotvickami roz-
mistény podlozky kontrastni pro rentgenové zareni. Na-
slednym stazenim propojovaciho vlakna dojde ke zméné
geometrie (zmenseni obvodu) LK (obr. 5). Implantace sys-
tému je navigovana skiaskopicky a pomoci jicnové echo-
kardiografie (obr. 6). Pristup je katetrizacni, ze spolecné
femoralni tepny (zavadéc 20 F), retrogradné, skrz aortalni
chlopen.

Data ze série 51 pacientl s ejek¢ni frakci LK 20-40 %
a mitralni regurgitaci do 2. stupné prokazala, Zze po 12
mésicich od katetriza¢ni remodelace LK systémem Accu-
Cinch doslo k vyznamnému snizeni objem0 LK, zlepseni
kvality Zivota a tolerance zatéze.?® Pfiznivy remodela¢ni
efekt pretrvaval i po dobu dvouletého sledovani.?' V sou-

Casné dobé probiha nabor do prospektivni randomizova-
né klinické studie (CORCINCH-HF).

Vsling

Systém Vsling (Cardiac Success, Yokneam, lzrael) predsta-
vuje opét Cisté katetrizacni proceduru, jejimZ principem
je vzajemné priblizeni bazalni ¢asti papilarnich svald mi-
tradlni chlopné pomoci goretexové bandaze (obr. 7). To
vede nejen k lepsi koaptaci cipt mitralni chlopné, ale i ke
zmenseni obvodu bazdlni ¢asti LK.% Pristup je opét z fe-
moralni tepny, transaortalné. Tento systém je na pocatku
klinického hodnoceni.

ContraBand

Remodealce LK pomoci systému ContraBand (Restore Me-
dical, Or Yehuda, Izrael) spocivd v omezeni pratoku plic-
nim recistém zavedenim implantatd do levé a pravé vétve
plicnice (obr. 8). Implantaty jsou samoexpandibilni, vnitf-
ni kostra ma nastavitelny pritokovy kandl a zuzeni Ize
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Obr. 7 - Schematické znazornéni katetrizacni remodelace levé komory pomoci systému Vsling (Cardiac
Success). Na pravém obrazku zluté oznaceno misto, kde je umisténa goretexova bandaz.?

Obr. 8 - Periproceduralni skiaskopie pfi zavadéni systému ContraBand (Restore Medical) pro katetri-
zacni redukci plicnice. Na obrazku vlevo je situace po zavedeni implantatu do pravé vétve plicnice,
probihd angiografické vysetieni levé vétve plicnice pred uvolnénim levostranného implantatu. Na
obrazku vpravo jsou jiz rozvinuté implantaty v obou vétvich plicnice. (Zdroj: Kardiologicka klinika,
1. LF UK a FNMH, pracovisté Homolka)

zrusit balonkovym katétrem. Tento zpusob remodelace je
urcen pro symptomatické pacienty se srde¢nim selhanim
se snizenou ejek¢ni frakei LK, ktefi maji zachovanou sy-
stolickou funkci pravé komory. Odvazny koncept, ktery je
na pocatku klinického zkouseni, vychazi z predpokladu,
Zze zvySenim dotizeni (afterloadu) pravé komory, a tim
i systolického tlaku v pravé komore dojde v systole komor
k posunu mezikomorového septa do prirozenéjsi anato-
mické polohy. Jinymi slovy se pfedpoklada se, Ze negativ-
ni vliv tlakového zatizeni pravé komory bude vykoupen
zlepsenim systolické funkce LK. Prvni klinicka data nazna-
Cuji zlepseni funkcnich parametrd a objemU LK pfi zacho-
vani systolické funkce pravé komory a urcity pozitivni vliv
na zatéZovou hemodynamiku.?*

Interatrialni shunt

Podstatou je vytvoreni permanentni mezisirové komu-
nikace o definovaném rozméru, vétsSinou katetriza¢nim
zavedenim nitinolového implantatu (sloucenina niklu

a titanu). Cilem této nefarmakologické Iécby je snizit tlak
v levé sini bez soucasného vyraznéjsiho ovlivnéni tlaku
v pravé sini a objemového pretiZzeni pravostrannych oddi-
1G. Hemodynamicky, resp. i klinicky efekt mizeme oceka-
vat okamzité. Tato strategie vychdzi z historickych pozo-
rovani u pacientd s Lutembacherovym syndromem, tedy
s kombinaci mitrdIni stenézy a defektu na urovni septa
sini, u nichz dochazelo v pozdéjsimu nastupu symptomua
z mitralni stenézy v porovnani s pacienty bez sifiového
defektu.?

Koncept ma za sebou jiz fadu let vyvoje. Prvnim testo-
vanym systémem byl implantat Interatrial Septal Device
System (DC Devices, Tewksbury, USA, nyni Corvia) — obr. 9
a 10. Po preklinickych zkouskach, kde byl definovan roz-
mér zkratového Usti, byla na naSem pracovisti provedena
v roce 2013 prvni klinicka implantace. Tato terapie byla
primarné testovdna u pacientd se srde¢nim selhanim se
zachovanou nebo mirné snizenou ejek¢ni frakci a vodni
klinickd data naznacovala pokles tlaku v zaklinéni plic-
nice po vykonu i pfiznivy vliv na klinické parametry.26?
Prvni randomizovana klinicka studie s faleSnou procedu-
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Obr. 9 - Periproceduralni skiaskopie pfi zavadéni implantatu Interatrial Septal Device System (DC
Devices) pro mezisifiovy shunt. (Zdroj: Kardiologicka klinika, 1. LF UK a FNMH, pracovisté Homolka)

Tabulka 1 - Systémy pro vytvoreni mezisinové komunikace testované u pacientl se srdecnim selhanim (pfevzato z Jagadeesan V, Gray

WA, Shah SJ, et al. J Soc Cardiovasc Angiogr Interv 2023,%? na zakladé licence Creative Commons CC-BY-NC-ND)

Zarizeni/postup Corvia V-Wave Occlutech Edwards Alleviant NoYA InterShunt
Typ Implantét Implantat Implantat Implantat Postup Postup Postup
Charakteristika  Nitinolovy Nitinol/ Nitinolovy Trubicovy Excizni katétr = Radiofre- Rezny katétr
stent PTFE tvaru oplet nitinolovy kvencni
presypacich s centrdlnim  stents katétr
hodin otvorem retencnimi
rameny
Pritok shuntu LS —» PS LS — PS LS —» PS LS — KS LS —> PS LS —» PS LS — PS
Velikost shuntu =~ 8 mm 5,1 mm 4,6,8 10 mm 7 mm 6 mm 4-12 mm 6 mm
Stadium vyvoje  Nabor do RCT = Nabor do RCT ' Probiha Faze 2 Probiha Probihajici Mala pilotni
dokoncen, dokoncen, nabor do RCT | proveditel- nabor do oteviena studie u lidi
probiha pokracuje nosti / pilotni RCT studie
néslednd sledovani probiha
potvrzujici mechanisticka
RCT v RCT
podskupiné
respondér

KS - koronarni sinus; LS - leva sin; PS — prava sin; PTFE - polytetrafluorethylen; RCT — randomizovana kontrolovana studie.

rou (REDUCE LAP-HF I, n = 44) potvrdila u této populace n = 626) nebyl po ro¢nim ani dvouletém sledovani pozo-
pacientl pokles tlaku v zaklinéni plicnice v klidu i pfi za- rovan rozdil ve slozeném primarnim klinickém cilovém
téZi po jednom mésici.?® V nasledné vétsi randomizované ukazateli. Z dil¢ich klinickych parametrd doslo pouze ke
klinické studii s faleSnou procedurou (REDUCE LAP-HF II, zlepseni symptom dle tfidy NYHA.?**° Dle post hoc ana-
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lyzy této studie se nicméné zd4, Ze by z intervence mohli
profitovat jedinci s nizsi plicni vaskuldrni rezistenci na vr-
cholu zatéze (< 1,74 WU). K prlkazu této hypotézy byla
usporadana studie RESPONDER-HF.

Jind prospektivni randomizovana klinicka studie s fa-
lesnou procedurou (RELIEVE-HF, n = 508), ktera zaradi-
la pacienty se srde¢nim selhanim napfic ejekéni frakci LK
a ve které byl pouzit implantat Ventura (V-Wave, Cesa-
rea, lzrael), rovnéz neprokdzala po dvou letech zlepseni
v primarnim kombinovaném klinickém cilovém ukazateli.
Prekvapivé vsak naznacila, ze pacienti s ejek¢ni frakci LK
< 40 % by mohli mit z této Iécby prospéch.?’ Vyzkum se
proto nyni orientuje i na tuto subpopulaci pacientt se sr-
decnim selhdnim.

Mimo dvou zminénych implantatl byla a je testovana
fada dalSich systému. Kromé vytvoreni zkratu na urovni
septa sini ve fossa ovalis existuje shunt propojujici levou
sif s koronarnim sinem a také systémy, které spocivaji ve
stomizaci mezisinového septa bez implantace cizorodého
materialu (tabulka 1).32 Zajimavym technologickym kon-
ceptem je pak mezisinovy shunt Adona s nastavitelnou
velikosti prito¢ného lumen a integrovanym tlakovym
senzorem v levé i pravé sini (Adona Medical, Los Gatos,
USA). Jednd se tedy o kombinaci terapeutického mezi-
sifového shuntu s implantabilnim hemodynamickym mo-
nitorem. Tlakovy senzor se dobiji transkutdnné a pres Usti
implantatu lze provadét bézné levosiriové katetrizacni in-
tervence. Prvni klinickd implantace byla provedena v roce
2024 a systém je nyni testovan u pacientt se srdecnim se-
Ihdnim se zachovanou i snizenou ejek¢ni frakei (klinicka
studie ATHENS-HF).
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Kardiovaskularni onemocnéni jsou celosvétové hlavni pficinou umrti. Tradicni kardiovaskularni rizikové fak-
tory vysvétluji pouze 75 % rizika kardiovaskularniho onemocnéni a expozice jednomu nebo vice rizikovym
faktordm je béznd i u jedinct, u kterych se nevyvinou zadné klinické projevy. Ceramidy jsou heterogenni
skupinou bioaktivnich membranovych sfingolipidd, které hraji specializované regulacni role v bunécném
metabolismu. Ceramidy byly identifikovany jako nové biomarkery kardiovaskularnich onemocnéni.
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ABSTRACT

Cardiovascular disease is the leading cause of death globally. Traditional cardiovascular risk factors explain
only 75% of the risk for cardiovascular disease and exposure to one or more vascular risk factors is common
even in individuals who will not develop any clinical manifestations. Ceramides are a heterogeneous group
of bioactive membrane sphingolipids that play specialized regulatory roles in cellular metabolism. Cerami-
des have been identified as novel biomarkers for cardiovascular diseases.

Uvod

Kardiovaskularni onemocnéni (KVO) jsou celosvétové
hlavni pfi¢inou umrti a kazdoro¢né si vyzadaji odhadem
19,8 milionu zivotd.! Tradi¢ni kardiovaskularni (KV) rizi-
kové faktory (napf. hypertenze, diabetes, vysoky obsah
lipoproteind s nizkou hustotou, koureni, nadvaha nebo
obezita) vysvétluji pouze 75 % rizika KVO a vystaveni jed-
nomu nebo vice vaskularnim rizikovym faktortm je bézné
i ujedincy, u kterych se nevyvinou zadné klinické projevy.2
Vétsina KV pfihod je zpusobena aterosklerézou, ktera se
rozviji desitky let pred klinickymi pfiznaky a zakefné po-
stupuje do bodu, kdy ji Ize pouze oddalit, ale nikoli zvra-
tit.>= Proto je nezbytné identifikovat osoby s rizikem, aby
se zabranilo vzniku KVO zménami Zivotniho stylu nebo
lékarskou lé¢bou.

Ceramidy

Ceramidy jsou heterogenni skupinou bioaktivnich mem-
branovych sfingolipida, které hraji specializované re-

gula¢ni role v bunécném metabolismu v zavislosti na
charakteristické délce jejich mastnych acylovych fetézctd
a subcelularni distribuci.> Maji dalezitou Ulohu v mnoha
bunéénych funkcich, jako je apoptdéza a zanét.® Béhem
posledniho desetileti nové klinické udaje ukazaly, Ze
ceramidy maji také diagnostickou hodnotu. Na zakla-
dé cetnych publikovanych dat bylo vyvinuto a pro béz-
nou klinickou praxi adaptovano skére rizika vyuzivajici
koncentrace cirkulujicich ceramidd. Sérové ceramidy se
v soucasné dobé klinicky pouzivaji jako ucinné stratifika-
tory rizika pro primarni a sekundarni prevenci ateroskle-
rotickych KVO, jako je ischemicka choroba srdec¢ni (ICHS),
cévni onemocnéni mozku, ale i srdecni selhdni a fibrilace
sini.>7-13

Ceramidy a daldi sfingolipidy se obvykle kvantifikuji
kapalinovou chromatografii s tandemovou hmotnost-
ni spektrometrii (liquid chromatography-tandem mass
spectrometry, LC-MS/MS)." Obvykle se popisuji poctem
atom0 uhliku a dvojnych vazeb v N-vazané mastné kyseli-
né: napfiklad ceramidy C16:0 nebo C24:1. Tento popis ig-
noruje heterogenitu sfingoidniho fetézce. Skutecny popis
je vsak slozitéjsi a je nad ramec tohoto sdéleni.
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Biosyntéza ceramidu a jejich metabolismus

Ceramidy jsou nezbytnymi prekurzory vétSiny komplexnich
sfingolipidd, véetné sfingomyelind, glukosylceramidl a sfin-
gosinu. Tyto sfingolipidy jsou lokalizovany v lipidovych dvoj-
vrstvach, kde vykonavaji cetné strukturalni funkce.'>1®

Zvyseni koncentrace ceramidd méni propustnost bu-
né¢né membrany, coz vede k hromadéni LDL cholesterolu
na sténach cév. Tato akumulace zesiluje zanétlivy proces
v cévni sténé, coz podporuje apoptézu bunék hladkého
svalstva cév a endotelidlni dysfunkci. Oboji vede k nesta-
bilité a prasknuti aterosklerotického platu.'” Kromé atero-
sklerotického plaku dochdzi k této akumulaci v hladkych
a kosternich svalech, coz naruduje expresi glukézového
transportéru typu 4 (GLUT4). To vede ke zhorsenému pfi-
jmu glukdézy ve svalech a k inhibici syntézy glykogenu.™
Ceramidy také stimuluji apoptdzu beta-bunék pankreatu,
¢imz pfimo snizuji produkci inzulinu.™

Akumulace ceramidd v tkdnich ma za nésledek me-
tabolickou dysfunkci v mnoha orgdnech a komplikace
diabetu. Z dlouhodobého hlediska tyto ucinky pfrispivaji
k patofyziologii diabetu 2. typu, ztu¢néni jater, hyperten-
zi, ateroskleréze a srde¢nimu selhani (HF).202!

Faktory ovliviiujici koncentraci ceramida
v obéhu

Ceramidy se nachazeji v cirkulujicich lipoproteinovych
Casticich. Boon a kol. zjistili téméf rovnomérné rozlozeni
plazmatickych ceramidl napfic¢ ¢asticemi, jako jsou lipo-
protein s vysokou hustotou (HDL), lipoprotein s nizkou
hustotou (LDL) a lipoprotein o velmi nizké hustoté (VLDL)
s celkovym nardstem ceramidl v plazmé obéznich pacien-
t0 a pacientl s diabetem 2. typu.?? Snizeni poctu cirkulu-
jicich LDL &astic, napfiklad inhibitory proprotein konver-
tazya subtilisin/kexin typu 9 (PCSK-9), sniZilo koncentrace
ceramidd v obéhu.® Ukazalo se také, Ze inhibitory synté-
zy cholesterolu, jako je rosuvastatin, uc¢inné snizuji kon-
centrace ceramidd v krvi.* Ubytek hmotnosti u diabetik
2. typu zménou stravy nebo uzivanim metforminu také
vede ke snizeni koncentraci ceramidl v plazmé.?2>

Ceramidy a kardiovaskularni riziko

Observacni studie autorl Hilvo a Laaksonen jasné ukazuji
souvislost urcitych poddruht ceramidd se zvysenym rizi-
kem KV pfihod.%2¢ Tyto studie vedly k vyvoji dvou rliznych
rizikovych skére ceramidd. Ceramidy C16:0, C18:0 a C24:1
popisuji riziko KV pfihod, nezavisle na dalsich zjisténych
KV rizikovych faktorech u pacientd s onemocnénim koro-
narnich tepen. Je zajimavé, Ze souvislost zvysenych kon-
centraci ceramidu C18:0 se zdvaznymi KV pfihodami byla
pfitomna i u pacientl bez zndmé ICHS a byla nezavisla
i na dalsich KV rizikovych faktorech.?” Tyto vysledky byly
potvrzeny také ve velké studii na urovni bézné popula-
ce.”® Poméry ceramidl byly vyznamné spojeny se zavaz-
nymi nezddoucimi kardiovaskularnimi pfihodami (major
adverse cardiovascular event, MACE), definovanymi jako
akutni infarkt myokardu, korondrni revaskularizace (by-
pass nebo perkutdnni intervence), cévni mozkova pfiho-

da nebo smrt nezavisle na LDL cholesterolu a konvenc-
nich rizikovych faktorech ICHS. Osoby v nejvy3sim kvartilu
skore ceramidd mély témér 1,5nasobné riziko MACE, po-
meér rizik (HR) 1,47 (95% Cl, 1,12-1,92)."

Predikce umrti z KV pfic¢in u pacient se stabilni ICHS
a u pacientt s vyssim rizikem akutniho koronarniho syndro-
mu (AKS) funguje i u pacientd, ktefi jsou jiz 1éceni statiny,
a jsou proto potencidlnim indikatorem rezidualniho rizika.®

Dal$i nedavné studie ukazuji, Ze pacienti s nestabilni
ICHS vykazovali zvy$ené koncentrace ceramidl v plazmé
(zejména C16:0, C18:0 a C24:1). Tyto molekuly jsou v sou-
Casnosti povazovany za nové vznikajici biomarkery KVO.%1°

Soucasné vysledky nicméné zatim neprokazuji kauzali-
tu. Nabizi se spekulovat, Ze ceramidy jsou spojeny s nachyl-
nosti k plakdim, protoZe je znamo, Ze podporuji mnoho
centrdlnich aterosklerotickych procest, véetné agregace
a absorpce lipoproteinu, zanétu, produkce superoxidovych
aniontd a apoptdzy.®3° Nékolik enzymu syntézy sfingoli-
pidu jiz bylo testovano jako potencidlni cile l1écby, protoze
inhibice biosyntézy glykosfingolipid(i prokazatelné snizuje
aterosklerézu u mysi.3"3? Existuji také dikazy o funkcich
specifickych pro délku fetézce ceramidu. Bylo prokazano,
Ze relativni narast druhd s dlouhym retézcem (C16), ale ni-
koli druht s velmi dlouhym fetézcem (C24-24:1), zprostied-
kovava inzulinovou rezistenci u mysi.?*3* A je zajimavé, ze
C18:1/C24:1 se chovaji odlisné ve srovnani s C18:1/C24:0,
coz zduraznuje, Zze dochazi také k dalsi regulaci.® | kdyz
zminéna studie odhaluje souvislost mezi ceramidy a KV pfi-
hodami, autofi naznacuji smér budoucich vyzkumd, které
by zjistily, zda lze slozeni ceramidd ovlivnit a jak by se to
mohlo projevit v kardiovaskuldrnim pfinosu.

Testovani ceramidt

Dle dostupnych informaci neni pokrocilé testovani kardio-
vaskuldrniho rizika dostupné na vétsiné pracovist. Mayo
Clinic nabizi krevni test, ktery méfi plazmatické ceramidy.
Tento test, dostupny prostfednictvim Mayo Clinic Labora-
tories, pomaha lékardm predpovidat riziko nepfiznivych
srdecnich prihod u pacientd s pokrocilou ICHS a mUze byt
uzitec¢ny i pro dalsi skupiny rizikovych pacientu. Vysledky
testu lze pouzit k lepSimu zacileni 1é¢by a Upravy Zivotni-
ho stylu, jako je dieta a cviceni.

Zavér

Ceramidy zlepsuji hodnoceni rizika aterosklerotickych KV
onemocnéni nad rdmec standardnich rizikovych faktor(.
Mechanismy zahrnujici souvislost ceramidd s KVO nejsou
jisté, ale pravdépodobné zahrnuiji jejich propojeni s lipido-
vymi, aterosklerotickymi a zanétlivymi metabolickymi dra-
hami.? Zvysené skére ceramidl je robustnim prediktorem
KVO a zavaznych KV komplikaci v populaci. Rzné cera-
midy cili na rdzné slozky lipidomické a zanétlivé kaskady
a jejich kombinace do skoére optimalizuje jejich prognos-
ticky potencidl a usnadnuje vyuziti [ékarem a zjednodusu-
je interpretaci. Toto odtivodnéni nakonec vedlo k pouziti
ceramidového skore k identifikaci a stratifikaci rizika paci-
entd s prokdzanou, rezidudlni nebo suspektni ICHS, ktefi
by mohli vyzadovat agresivné;jsi medikamentézni terapii.
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Subklinickd ateroskleréza predchdzi vétsiné KV prihod
a jeji detekce mulze zlepsit stratifikaci KV rizika. LDL cho-
lesterol je rizikovym faktorem pfimo zapojenym do roz-
voje aterosklerotického platu, a proto je dalezitym tera-
peutickym cilem v klinické praxi. Dieta, zmény Zivotniho
stylu a uzivani 1ékd mohou vést k vyznamnému a trvalé-
mu snizeni plazmatickych koncentraci LDL cholesterolu.
KVO jsou viak stale celosvétové jednou z hlavnich pfi¢in
umrti, coz naznacuje, ze konvencni kontrola LDL chole-
sterolu nestaci; v€asna detekce a prevence nestability ate-
rosklerotického platu tak mUze oteviit cestu k vyznamné-
mu sniZzeni progrese onemocnéni.
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Foramen ovale patens (PFO) pravdepodobne zodpoveda za 5 % vietkych ischemickych cievnych mozgovych
prihod (ICMP) a za 10 % ICMP v mladom a strednom veku 18-60 rokov.
Hodnotenie suvisu PFO a kryptogénnej ICMP je vidy len pravdepodobnostné. V sucasnosti sa za najlepsi
nastroj na hodnotenie tejto pravdepodobnosti povazuje systém PASCAL (PFO-Associated Stroke Causal Li-
kelihood). Ide o jednoduchy a efektivny néstroj na selekciu pacientov s najvyssim benefitom z katétrového
uzaveru PFO a najnizsim rizikom komplikacii. Klasifikacia PASCAL sa stanovuje pomocou RoPE skore (Risk
of Paradoxical Embolism) a echokardiografickych rizikovych charakteristik PFO — aneuryzmy predsieriového
septa a intenzity pravo-lavého skratu. Pomocou nej mozno stanovit 5 urovni suvisu PFO s kryptogénnou
ICMP - definitivny, vysoko pravdepodobny, pravdepodobny, mozny a nepravdepodobny stvis. U pacientov
vo veku 18 - 60 rokov s moznym alebo pravdepodobnym stvisom PFO s kryptogénnou ICMP sa odporuca
po vyluceni inych pric¢in ICMP katétrovy uzaver PFO a dudlna protidostickova liecba trvajuca 1 az 6 mesiacov
s naslednou mono protidostickovou lie¢bou 5 rokov. Z uzaveru PFO najviac profituju pacienti s aneuryzmou
predsienového septa a/alebo velkym pravo-lavym skratom.
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ABSTRACT

Patent foramen ovale (PFO) is probably responsible for 5% of all ischemic strokes and 10% of strokes in
young and middle-aged people aged 18-60 years. The assessment of the association between PFO and cryp-
togenic stroke is always only probabilistic. Currently, the best tool for assessing this probability is the PASCAL
system (PFO-Associated Stroke Causal Likelihood).

It is a simple and effective tool for selecting patients who have the highest benefit from transcatheter closu-
re of PFO and the lowest risk of complications. The PASCAL classification is determined using the RoPE score
(Risk of Paradoxical Embolism) and echocardiographic risk characteristics of PFO - atrial septal aneurysm and
right-left shunt intensity. It can be used to determine five levels of association between PFO and cryptogenic
stroke: definite, highly probable, probable, possible, and unlikely association. In patients aged 18-60 years
with a possible or probable association of PFO with cryptogenic stroke, transcatheter PFO closure and dual
antiplatelet therapy for 1 to 6 months, followed by single antiplatelet therapy for 5 years, is recommended
after exclusion of other causes of stroke. Patients with an atrial septal aneurysm and/or a large right-to-left
shunt benefit most from PFO closure.
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Foramen ovale patens (PFO) pravdepodobne zodpoveda
za 5 % vietkych ischemickych cievnych mozgovych prihod
(ICMP) aza 10 % ICMP v mladom a strednom veku 18 — 60
rokov." Nalez PFO u pacientov s ICMP viak nemusi zna-
menat pri¢innu suvislost. PFO moze byt nevinny nahodny
Jbystander” bez stvisu s ICMP.

U pacientov po ICMP s PFO sa sumdrne pouziva termin
.PFO-associated stroke” (mozgova prihoda asociovana
s PFO) nezdvisle od pri¢innej suvislosti.'

Pravdepodobnostné charakteristiky suvisu
PFO a kryptogénnej ICMP

U kazdého pacienta s ICMP je nevyhnutné stanovit etio-
[6giu prihody. Klasifikacné systémy TOAST, CCS a ASCOD
rozlisuju 5 — 6 kategérii ICMP: 1. aterosklerotické (atero-
skleréza velkych artérii), 2. kardioembolické, 3. ochorenia
malych ciev, 4. iné identifikovatelné priciny (nonatero-
sklerotické arteriopatie vratane vaskulitid, hyperkoagu-
lacné stavy), 5. artériova disekcia, 6. kryptogénne priciny.
Pri zvaZzovani vyznamu PFO pri ICMP treba v prvom kroku
vylucit vietky etioldgie sub 1. — 5. Po ich vyluceni ostava
15 - 30 % pacientov s ICMP, ktorej etioldgia je krypto-
génna.’ Cast tychto pacientov ma PFO, ktoré méze a ne-
musi suvisiet s ICMP. Ulohou heart-brain teamu je posudit

Tabulka 1 - Kalkulacia skére RoPE?

Charakteristika Body
Bez anamnézy artériovej hypertenzie 1
Bez anamnézy diabetu mellitu 1
Bez anamnézy CMP alebo TIA 1
Nefajciar 1
Kortikalny infarkt (CT, MR) 1
Vek (roky): 18 - 29 5
30-39 4
40 - 49 3
50 - 59 2
60 - 69 1
>70 0

CMP - cievna mozgova prihoda; CT - pocitacovéd tomografia;
MR - magneticka rezonancia; TIA - tranzitérny ischemicky atak.

pravdepodobnost stvisu PFO a ICMP a zvolit najvhodnej-
$iu sekunddrnu prevenciu.

Hodnotenie suvisu PFO a kryptogénnej ICMP je vzdy
len pravdepodobnostné. Podla sucasnych poznatkov
existuje 5 kategérii nalezov, ktoré zvySuju u pacientov
s ,PFO-associated stroke” pric¢innu pravdepodobnost:’

Aneuryzma predsiefiového septa. Aneuryzma je defi-
novana ako protruzia septum primum > 10 mm do lavej
alebo pravej predsiene.? Ak septum kmita medzi oboma
predsienami, scita sa sucet exkurzii konvexity septa do
oboch predsieni.

Velky pravo-lavy skrat via PFO. Skrat moze byt perma-
nentny alebo len tranzitérny pri Valsalvovom alebo Miil-
lerovom manévri. Mullerov manéver je opak Valsalvovho
manévra. lde o forsirované inspirium pri uzavretych dy-
chacich cestach (zatvorené Usta a zapchaty nos). Za velky
skrat sa obvykle povazuje prienik > 20 mikrobublin do la-
vej predsiene do 3 cyklov od opacifikacie pravej predsiene
pri transezofagovej echokardiografii (TEE) alebo transto-
rakalnej echokardiografii (TTE). Pri stredne tazkom skrate
ide o prienik 10 — 20 mikrobublin.?

Sucasna zilova trombdza alebo jej rizikové faktory (hy-
perkoagulacné stavy, dehydratdcia, imobilizacia, anam-
néza predchadzajucej flebotrombozy / plucnej embolie,
anatomické pri¢iny venéznej kongescie).

Typické teritérium mozgového infarktu — izolované
velké hlboké infarkty, kombinované superficidlne — hl-
boké infarkty alebo malé distdlne artérie (superficidlne
infarkty). Pre pri¢innu suvislost PFO nesvedcia lakunarne
infarkty.

Absencia rizikovych faktorov aterosklerézy (vyssi vek,
artériova hypertenzia, diabetes mellitus, hyperlipoprote-
inémia, fajcenie).

Stratégia hodnotenia pri¢inného vztahu PFO
a kryptogénnej ICMP

Posudenie pravdepodobnosti suvisu PFO s ICMP ma zé-
sadny terapeuticky dopad — zvazZenie katétrového uzave-
ru PFO. V sucasnosti sa za najlepsi nastroj na hodnotenie
pri¢cinného suvisu PFO a za klucovu stratégiu na indikaciu
katétrovej okluzie pri ,PFO-associated stroke” povazuje
systém PASCAL (PFO-Associated Stroke Causal Likelihood).!

Prvym krokom je stanovenie skére RoPE (Risk of Para-
doxical Embolism) (tabulka 1).3 Do skoére vstupuju charak-
teristiky uvedené sub 4. a 5. v predchadzajucej kapitole.

Tabulka 2 - Pravdepodobnost stivisu foramen ovale patens (PFO) a ischemickej mozgovej/retinalnej prihody’

.. . Skoére RoPE
Riziko Charakteristiky = =
Nizke (< 7 bodov) Vysoké (> 7 bodov)
Velmi vysoké Zaklineny trombus v PFO Definitivna Definitivna
1. Sucasna pulmonalna embolia alebo hlboké Zilova trombdza
; predchddzajica mozgovej prihode, kombinovana s: . .
Bl 2a. PFO a aneuryzma predsieriového septa alebo it pe 0 el coinvepotiels vl
2b.velky skrat via PFO
Intermediarne 1. PFQ a aneuryzma predsieriového septa alebo Mozné Pravdepodobna
2. velky skrat via PFO
Nizke Maly skrat via PFO bez aneuryzmy predsieriového septa Nepravdepodobna MozZna
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HR (95% Cl)
Kategoria RoPE

<7 0,61 (0,37 - 1,00)
>7 0,21 (0,11-0,42)

Kategoria PASCAL
nepravdepodobny 1,14 (0,53 - 2,46)

mozny 0,38 (0,22 - 0,65)
pravdepodobny 0,10 (0,03 - 0,35)

0,01
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Favorizuje Favorizuje
uzaver farmakoterapiu
p pre interakciu
0,02
0,003
0,1 1 4

HR (95% ClI)

Obr. 1 - Pomer rizik (HR) rekurentnej ischemickej cievnej mozgovej prihody. Upravené podla referencie 7.

Cl - konfidenc¢ny interval.

Ide o jednoduchy skérovaci systém, ktory hodnoti tzv.
priraditelnu pravdepodobnost stvisu PFO a ICMP.2 Cim
je skére vyssie, tym je vyssia pravdepodobnost. Pravde-
podobnost zvysuju nizky vek, absencia silnych rizikovych
faktorov aterosklerézy a kortikdlna lokalizacia infarktu.
Skoére RoPE viak nezahfria hodnotenie rizikovych charak-
teristik samotného PFO ani viaceré klinické rizikové fak-
tory.

Druhym krokom je posudenie morfologickych a funk¢-
nych charakteristik PFO — aneuryzmy predsieriového septa
a intenzity pravo-lavého skratu via PFO. Systém PASCAL
preto pozaduje vykonanie transtorakalnej alebo transe-
zofagovej echokardiografie s i.v. kontrastnou latkou. Po
echokardiografii a kalkulacii skére RoPE je mozné sta-
novit 5 Urovni suvisu PFO s kryptogénnou ICMP - defi-
nitivny, vysoko pravdepodobny, pravdepodobny, mozny
a nepravdepodobny suvis (tabulka 2). PASCAL integruje
klinické charakteristiky, lokalizaciu mozgového infarktu
podla CT/MR a echokardiografické charakteristiky PFO.

Diskrimina¢ny systém PASCAL mozno pouzit podla au-
torov pri cerebralnych a retindlnych infarktoch ale pred-
pokladdame, ze ho rovnako mozno pouzit aj pri periférnej
embolizacii.

Sekundarna prevencia ICMP pri PFO:
katétrovy uzaver vs antitromboticka liecba

Do uvahy prichddza katétrova a/alebo medikamentézna
lie¢cba. Randomizované klinické $tudie (RCT) CLOSE, RE-
DUCE a RESPECT dokazali, Ze u selektovanych pacientov
s PFO a kryptogénnou ICMP je katétrovy uzaver PFO + far-
makoterapia superiérny oproti samotnej farmakoterapii
v sekundarnej prevencii ICMP.%¢

Pacienti s ,PFO-associated stroke” s aspon pravdepo-
dobnym suvisom podla systému PASCAL maju najvyssiu
mieru profitu z katétrového uzdveru PFO. Tzv. SCOPE
Consortium vykonalo analyzu dat vsetkych 6 RCT, ktoré
porovnavali v rokoch 2000-2017 katétrovy uzdver PFO
+ farmakoterapia vs samotnd farmakoterapia u pacien-

tov s kryptogénnou ICMP.” Spolu $lo o 3 740 pacientov
v $tudiach CLOSURE |, PC Trial, RESPECT, CLOSE, REDUCE
a DEFENCE-PFO. Median sledovania bol 57 mesiacov (in-
terkvartilovy rozptyl IQR 24 - 64). Pomer rizik (HR) recidi-
vy ICMP silne zavisel od klasifikacie PASCAL. Ak bol suvis
nepravdepodobny, tak katétrovy uzaver nemal Ziadny vy-
znamny efekt. Naopak, pri moznom a pravdepodobnom
suvise bol benefit z katétrového uzaveru signifikantny.
Pomery rizik a konfiden¢né intervaly su uvedené na ob-
razku 1. Tie isté tvrdenia v zmysle klinickej vyznamnos-
ti platili pre absolutnu mieru redukcie 2-ro¢ného rizika
rekurentnej ICMP (obr. 2). Pri nepravdepodobnom suvi-
se nebola Ziadna redukcia rizika. Naopak, pri moznom
a pravdepodobnom suvise, bola vyznamna redukcia ab-
solutneho rizika.”

Casto diskutovanou komplikaciou katétrového uzave-
ru PFO je indukcia fibrilacie predsieni de novo. Je zauji-
mavé, zZe aj vyskyt fibrilacie evidentne suvisel s klasifikaci-
ou PASCAL. Pri nizkej pravdepodobnosti bol vyskyt po 45
dnoch od implantécie 4,41% (95% konfidencny interval
[CI] 1,02 % aZ 7,8 %), pri moznom suvise 1,53 % (95% ClI
0,33 % az 2,72 %) a pri pravdepodobnom suvise bol vy-
skyt najnizsi 0,65% (95% Cl 0,41 % az 1,71 %).’

Metaanalyza zistila, Ze prinos katétrového uzaveru
PFO je velmi heterogénny podla klasifikacie PASCAL. Asi
15% pacientoy, t.j. ktorych pricinny suvis bol nepravde-
podobny, nemalo Ziadny benefit. Podla metaanalyzy
nemozno predpokladat prinos katétrového uzaveru PFO
u pacientov bez aneuryzmy predsienového septa, bez
skratu alebo len s malym skratom a zaroven s rizikovy-
mi faktormi aterosklerézy (skére RoPE < 7). Naproti tomu
pacienti s vysoko rizikovym PFO a absenciou rizikovych
faktorov aterosklerézy (skére RoPE > 7) mali redukciu re-
lativneho rizika az 90 %. Navyse pacienti, ktori mali naj-
vyssi benefit v zmysle redukcie rizika recidivy ICMP, mali
zaroven aj najnizsie riziko fibrilacie predsieni.’

European Stroke Organisation (ESO) odporuca klasi-
fikacny systém PASCAL na selekciu pacientov na okluziu
PFO. U pacientov vo veku 18 — 60 rokov s moznym alebo
pravdepodobnym suvisom PFO s kryptogénnou ICMP od-
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Redukcia absolutneho Favorizuje
farmakoterapiu

rizika po 2 rokoch

L. (95% ClI)
Kategoéria RoPE
<7 1,1(-0,9-3,1)
>7 2,1(1,0-3,1)

Kategoria PASCAL

nepravdepodobny -0,7 (-4,0 — 2,6)
2,1(0,6 - 3,6)
2,1(0,9-3,4)

mozny

pravdepodobny

-5 -4 -3 -2 -1

Favorizuje uzaver NNT (95% ClI)

91 (-112-32)
49 (100 - 32)

-153 (-25 - 38)
47 (166 - 27)
47 (111 -29)

0o 1 2 3 4 5

Redukcia absolutneho rizika (95% Cl)

Obr. 2 - Redukcia absolutneho rizika rekurentnej ischemickej cievnej mozgovej prihody. Upravené podla
referencie 7. NNT - number needed to treat (pocet pacientov potrebnych na liecbu).

poruca katétrovy uzdver + protidostickovu liecbu po vy-
lageni inych pri¢in ICMP.2 Cize uz pritomnost aneuryzmy
predsieriového septa alebo velkeho skratu via PFO bez
akychkolvek inych podmienok povazuje ESO za indikaciu
katétrovej okluzie PFO, lebo tito pacienti splhajd mini-
malne mozny suvis PFO s kryptogénnou ICMP (pozri ta-
bulku 2).

Odporucania ESO su v zhode s odporucaniami inych
mienkotvornych spoloc¢nosti — American Academy of Ne-
urology 2020, Society for Cardiovascular Angiography &
Interventions 2022, American Heart Association/Ameri-
can Stroke Association 2021.8°

Ak je suvis PFO a ICMP nepravdepodobny, potom
mozno len podla konsenzu expertov ESO (ale nie pod-
[a vysledkov RCT) u pacientov vo veku 18 — 60 rokov od-
porucit okluziu PFO pri ,réznych kombindciach” situacii,
poukazujucich na vysoku pravdepodobnost kauzality:
vendzny tromboembolizmus v blizkom ¢asovom okne
od indexovej ICMP, plucna artériova hypertenzia, sleep
apnoe syndrom alebo iné hypoxemické stavy, asociované
s PFO, Valsalvov manéver pred vznikom ICMP, anamnéza
prolongovanej imobilizcie, aktualny letecky transport,
vendzna trombofilia, dekompresna choroba potépacov,
syndrom platypnoe-ortodeoxia alebo Eustachova chlop-
na. Co znamenaju ,rézne kombinacie”, nie je definova-
né. U tychto pacientov je podla ndSho nazoru potrebné
individualne a velmi désledné zvazenie indikacie uzaveru
PFO ,heart-brain teamom™.

Pre optimalne nacasovanie uzdveru PFO po ICMP nie
je dostato¢nd medicina dékazov. Podla konsenzu pane-
lu expertov ESO sa odporuca do 6 mesiacov, avsak podla
moznosti ¢im skor.?

Vekovy strop 60 rokov pre okluziu PFO je arbitrarny,
lebo nie je dostatok dat u pacientov nad 60 rokov. Studia
DEFENCE-PFO totiz ako jedind RCT zahrnula aj pacientov
starsich ako 60 rokov (aj to len maly pocet 34 pacientov)."

Po uzdvere PFO sa odporuca dudlna protidostickova
liecba (DAPT) 1 - 6 mesiacov s naslednou mono protidos-
tickovou lie¢bou 5 rokov.?

Optimalna medikamentézna liecba u pacientov
s ,PFO-associated stroke” nie je znama.? Zatial Ziadna
RCT nedokéazala superioritu antikoagulancii (vratane di-

rektnych antikoagulancii [DOAC]) oproti protidostickovej
liecbe. Metaanalyza Styroch RCT PICSS, CLOSE, NAVIGATE
ESUS a RE-SPECT ESUS (vratane 2 studii s DOAC), ktora
zahrnula 1 518 pacientov, dokdazala nesignifikantny trend
v prospech antikoagulancii."'>'* ESO aktualne neodporu-
¢a pri ,,PFO-associated stroke” dlhodobu antikoagula¢nu
liecbu, ak nie je pre fiu ind indikacia.?

U pacientov vo veku 18 - 60 rokov s moznym alebo
pravdepodobnym suvisom PFO pretrvava neistota ohlad-
ne benefitu a rizik pri porovnani okluzie PFO a dlhodobej
antikoagula¢nej lie¢by. Napriek tomu ESO odporuca uza-
ver PFO + protidostickovu lie¢bu vzhladom na: 1. kumula-
tivne riziko velkého krvacania pri antikoagulac¢nej terapii,
2. superioritu uzaveru PFO oproti antitrombotickej lie¢be
v RCT.?

U pacientov, ktori odmietnu uzaver PFO, odporuca
panel expertov ESO individualnu volbu antitrombotickej
terapie v zmysle metaanalyz RCT a observa¢nych studii.
Antikoagula¢nd terapia ma oproti protidostickovej liecbe
nizsie ocakdvané riziko recidivy ICMP ale mozny narast
velkych krvacani v dlhodobom horizonte.?

Treba uviest, Ze vSetky vyssie uvedené stanoviska sa ty-
kaju len pacientov po ICMP, ale nie po TIA (tranzitérny
ischemicky atak). Pre ,,PFO-associated TIA" nie je totiz do-
statok dékazov, lebo pacientov s TIA zahrnula len studia
CLOSURE.

Zaver

Pacienti s ,PFO-associated stroke” su heterogénna po-
pulécia. Klasifikacia PASCAL je jednoduchy a efektivny
nastroj na selekciu pacientov s najvyssim benefitom z ka-
tétrového uzaveru PFO a najnizs$im rizikom komplikacii.
U pacientov vo veku 18-60 rokov s moznym alebo prav-
depodobnym stvisom PFO s kryptogénnou ICMP sa odpo-
ruca katétrova okluzia a protidostickova liecba.

Umela inteligencia bola pouZitd na jazykovu redakciu
a kontrolu zrozumitelnosti textu. Autor plne zodpoveda
za obsah.
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Uvod: Hypogonadismus je ¢astym, aviak ¢asto piehlizenym stavem u muzl s diabetem 2. typu, obezitou
a kardiovaskularnim onemocnénim. Nizké koncentrace testosteronu jsou spojeny s nepfiznivym kardiome-
tabolickym profilem a zvysenou mortalitou. Testosteronova substitu¢ni terapie (TRT) byla vSak po dlouhou
dobu vnimana s obavami z mozného zvyseni kardiovaskularniho rizika, a to predevsim na zakladé observac-
nich studii s vyznamnymi metodologickymi omezenimi.
Cil: Cilem tohoto prehledového ¢lanku je shrnout soucasné poznatky o vztahu testosteronu, hypogonadismu
a kardiovaskularniho rizika, objasnit patofyziologické mechanismy pusobeni testosteronu na kardiovasku-
larni systém a diskutovat klinicky vyznam recentnich dikazC o bezpecnosti testosteronové substituce, se
zvl&$tnim ddrazem na studii TRAVERSE.
Metody: Byla provedena analyza dostupnych observacnich studii, metaanalyz a randomizovanych klinickych
studii hodnoticich vztah hypogonadismu, testosteronové substitucni terapie a kardiovaskularnich prihod
se zaméfenim na studii TRAVERSE jako dosud nejvétsi randomizovanou studii hodnotici kardiovaskularni
bezpecnost TRT.
Vysledky: Hypogonadismus je vysoce prevalentni u muzl s diabetem 2. typu a obezitou a podili se na rozvoji
inzulinové rezistence, endotelidlni dysfunkce, aterogenniho lipidového profilu a chronického zénétu. Dri-
véjsi obavy z kardiovaskularniho rizika TRT vychéazely prevazné z observacnich studii s vyznamnymi metodo-
logickymi limity. Randomizovand studie TRAVERSE prokazala, Ze testosteronova substitu¢ni terapie u muzud
s hypogonadismem a vysokym kardiovaskuldrnim rizikem nebyla spojena se zvysenym vyskytem zavaznych
kardiovaskularnich pfihod.
Zavér: Studie TRAVERSE poskytuje dosud nejpresvédcivejsi diikaz o kardiovaskularni bezpecnosti testostero-
nové substitucni terapie pfi spravné indikaci a monitoraci. Hypogonadismus by mél byt vnimén jako klinicky
vyznamny kardiometabolicky rizikovy faktor, nikoli pouze jako okrajovy endokrinologicky problém. Testo-
steronova substituce mlze byt bezpecné zvazovéna i u pacientt se stabilnim kardiovaskularnim onemocné-
nim, aviak vyzaduje individualizovany pfistup a mezioborovou spolupréci.

© 2026, CKS.

ABSTRACT

Background: Hypogonadism is a common but frequently underdiagnosed condition in men with type 2
diabetes, obesity, and cardiovascular disease. Low testosterone levels are associated with an adverse cardio-
metabolic profile and increased mortality. However, testosterone replacement therapy (TRT) has long been
considered potentially harmful with respect to cardiovascular risk, largely based on observational studies
with significant methodological limitations.

Aim: To summarize current evidence on the relationship between testosterone, hypogonadism, and car-
diovascular risk, to describe the pathophysiological mechanisms linking testosterone deficiency to cardio-
vascular disease, and to discuss the clinical implications of recent evidence on the cardiovascular safety of
testosterone replacement therapy, with particular emphasis on the TRAVERSE trial.

Methods: A narrative review of observational studies, meta-analyses, and randomized controlled trials eva-
luating hypogonadism, testosterone replacement therapy, and cardiovascular outcomes was performed,
with a focus on the TRAVERSE trial as the largest randomized study specifically designed to assess the car-
diovascular safety of TRT.
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Results: Hypogonadism is highly prevalent in men with type 2 diabetes and obesity and contributes to
insulin resistance, endothelial dysfunction, an atherogenic lipid profile, and chronic inflammation. Earlier
concerns regarding cardiovascular risk associated with TRT were mainly derived from observational studies
with substantial methodological limitations. The randomized TRAVERSE trial demonstrated that testostero-
ne replacement therapy in men with hypogonadism and high cardiovascular risk was not associated with an
increased incidence of major adverse cardiovascular events.

Conclusion: The TRAVERSE trial provides the most robust evidence to date supporting the cardiovascular
safety of testosterone replacement therapy when appropriately indicated and monitored. Hypogonadism
should be regarded as a clinically relevant cardiometabolic risk factor rather than a marginal endocrine
condition. Testosterone replacement therapy may be safely considered in men with stable cardiovascular
disease, emphasizing the need for individualized decision-making and interdisciplinary collaboration.

Introduction

Testosterone has traditionally been viewed primarily
as a hormone responsible for male sexual function and
reproductive health. However, this perspective does
not reflect the current understanding of its complex
biological effects. Testosterone plays a significant role
in regulating energy metabolism, body composition,
insulin sensitivity, inflammatory pathways, and the
function of the cardiovascular system. Low testoste-
rone levels have been associated with an increased
incidence of obesity, type 2 diabetes (T2DM), meta-
bolic syndrome, and atherosclerotic cardiovascular di-
seases.’

Hypogonadism, defined by a combination of low
testosterone levels and the presence of clinical symp-
toms, is a common but often unrecognized condi-
tion in men with high cardiometabolic risk. Numer-
ous observational studies have demonstrated that
low testosterone concentrations are associated with
increased overall and cardiovascular mortality, inde-
pendent of age and traditional risk factors.2 Neverthe-
less, testosterone replacement therapy (TRT) was for
a long time approached with caution, especially with-
in the cardiology community, primarily due to con-
cerns about a potential increase in cardiovascular risk.
These concerns stemmed from several observational
studies published in the first half of the previous de-
cade, which suggested a possible association between
TRT and a higher incidence of major cardiovascular
events.>* As a result, there was significant therapeutic
inertia and reluctance to indicate TRT in patients with
existing cardiovascular disease or a high risk of its de-
velopment. However, in recent years, there has been
a substantial shift in understanding, thanks to new,
methodologically robust clinical studies that allow
for a more objective assessment of the cardiovascular
safety of TRT.>®

The aim of this review article is to summarize cur-
rent evidence on the relationship between testos-
terone, hypogonadism, and cardiovascular risk, to
clarify the pathophysiological mechanisms by which
testosterone affects the cardiovascular system, and
to critically evaluate the available data on the safety
of testosterone replacement therapy, with particular
emphasis on the recent randomized TRAVERSE trial,
which represents a significant milestone in this field.

Prevalence of hypogonadism in patients with
type 2 diabetes and obesity

Hypogonadism occurs significantly more often in men
with type 2 diabetes and obesity than in the general
population. Studies have confirmed that hypogonadism
affects approximately 30-50% of men with T2DM, with
prevalence increasing alongside greater insulin resistance
and visceral obesity.”®

Obesity, especially central obesity, plays a key role in
the pathogenesis of hypogonadism. Increased aromatase
activity in adipose tissue leads to higher conversion of tes-
tosterone to estradiol, which subsequently suppresses the
hypothalamic—pituitary—gonadal axis. At the same time,
insulin resistance, chronic subclinical inflammation, and
altered gonadotropin secretion develop. This condition
is often referred to as functional hypogonadism and is
typical for patients with metabolic syndrome, T2DM, and
cardiovascular disease.™

From a clinical perspective, the high prevalence of
low testosterone in men with prediabetes is also signif-
icant. Men with impaired glucose tolerance or elevated
fasting glucose have significantly lower total testos-
terone levels compared to normoglycemic individuals,
even after adjusting for age and body weight. Thus,
prediabetes represents a period during which hypo-
gonadism and cardiometabolic risk mutually reinforce
each other.”

Based on these findings, in 2018 the American Diabetes
Association included recommendations to measure testos-
terone levels in men with diabetes and clinical symptoms
of hypogonadism.' This fact underscores the growing im-
portance of hypogonadism not only as an endocrinological
issue but also as a cardiometabolic problem that should be
considered in cardiology practice as well.

Understanding primary, secondary, and functional
hypogonadism in clinical practice

From a clinical and pathophysiological standpoint, hypo-
gonadism is a heterogeneous condition that can be divi-
ded into three basic categories: primary, secondary, and
functional hypogonadism.

Primary (hypergonadotropic) hypogonadism is charac-
terized by primary testicular failure, in which testoster-
one production decreases despite elevated levels of lu-
teinizing hormone (LH) and follicle-stimulating hormone
(FSH). Typical causes include genetic syndromes, testicular
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damage due to infection, radiotherapy or chemotherapy,
and advanced age."

Secondary (hypogonadotropic) hypogonadism arises
from regulatory disorders at the level of the hypothala-
mus or pituitary gland. It is characterized by low or inap-
propriately normal levels of gonadotropins in the pres-
ence of low testosterone. This type of hypogonadism may
occur with structural lesions of the central nervous sys-
tem, hyperprolactinemia, or in connection with chronic
systemic diseases."

In addition to these classic forms, clinical practice is in-
creasingly encountering so-called functional hypogonad-
ism, which has a different pathophysiology and clinical
consequences. Functional hypogonadism, often referred
to as late-onset hypogonadism (LOH), is a potentially re-
versible condition closely associated with obesity, insulin
resistance, chronic subclinical inflammation, and meta-
bolic syndrome. Unlike primary and secondary hypogo-
nadism, there is no structural disorder of the hypotha-
lamic—pituitary—-gonadal axis. Functional hypogonadism
represents the most common form of low testosterone in
men with type 2 diabetes and cardiovascular disease and
is also a key link between hypogonadism and increased
cardiovascular risk."1

Metabolic effects of testosterone
and insulin resistance

One of the key mechanisms linking hypogonadism to car-
diovascular risk is insulin resistance. Testosterone plays
a crucial role in body fat distribution and the maintenan-
ce of muscle mass. Low levels of testosterone are associ-
ated with an increase in visceral adipose tissue, which is
metabolically active and produces a range of pro-inflam-
matory mediators that promote insulin resistance.’>1®

At the cellular level, testosterone increases the expres-
sion of the insulin receptor, insulin receptor substrate
(IRS-1), and glucose transporter GLUT4 in muscle tissue,
thereby improving insulin-dependent glucose uptake.
Conversely, testosterone deficiency is associated with
reduced muscle mass and a relative increase in fat mass,
which further worsens insulin sensitivity and contributes
to the development of hyperglycaemia."”

Testosterone, lipid metabolism,
and atherogenic profile

Testosterone affects lipid metabolism through both direct
and indirect mechanisms. Low levels of testosterone are
associated with an atherogenic lipid profile characterized
by elevated triglycerides, non-HDL cholesterol, and an
unfavorable triglyceride/HDL ratio, which is considered
a marker of insulin resistance and cardiovascular risk. An
important aspect is the fact that testosterone influences
not only individual lipid fractions but the entire spectrum
of atherogenic lipoproteins. Non-HDL cholesterol, which
includes all apoB-containing lipoproteins, is considered
a better predictor of cardiovascular risk than LDL cho-
lesterol alone, especially in patients with diabetes and
hypertriglyceridemia. Hypogonadism is associated with

increased levels of non-HDL cholesterol and remnant li-
poproteins, which further promote atherogenesis.®

Vascular effects of testosterone
and endothelial function

Testosterone has direct effects on the arterial wall. Both
experimental and clinical studies have shown that tes-
tosterone acts as a vasodilator, primarily by stimulating
the synthesis of nitric oxide (NO) in the endothelium
and through a direct relaxing effect on vascular smo-
oth muscle.’”®?® Low testosterone levels are associated
with endothelial dysfunction, increased arterial stiffness,
and impaired coronary vasodilation.?"?? Endothelial dys-
function represents an early step in the development of
atherosclerosis and is an independent predictor of cardio-
vascular events. Thus, hypogonadism may indirectly con-
tribute to the progression of the atherosclerotic process
even in its early stages.

Inflammation, immune response,
and atherogenesis

Chronic low-grade inflammation is a key pathophysiolo-
gical mechanism linking obesity, insulin resistance, and
atherosclerosis. Hypogonadism is associated with eleva-
ted levels of pro-inflammatory cytokines, such as tumor
necrosis factor alpha (TNF) and interleukin-6 (IL-6), as
well as higher C-reactive protein (CRP) concentrations.?

In contrast, testosterone predominantly exerts immu-
nomodulatory and anti-inflammatory effects. Testoster-
one replacement therapy has been associated in several
studies with reduced levels of inflammatory markers and
an improved inflammatory profile in patients with hypo-
gonadism. These changes may contribute to slowing the
progression of atherosclerosis and stabilizing atheroscle-
rotic plaques.?

Electrophysiology and arrhythmogenesis

Testosterone influences ventricular repolarization. Hy-
pogonadism is associated with a prolonged QTc interval,
which is a known risk factor for Torsades de Pointes (TdP)
and sudden cardiac death. It has been demonstrated that
testosterone replacement therapy (TRT) shortens the QTc
interval, suggesting a protective effect against ventricu-
lar arrhythmias through modulation of hERG potassium
channels.?-%

Hematopoiesis and coagulation

The most common adverse effect of testosterone repla-
cement therapy (TRT) is erythrocytosis. Testosterone
stimulates the production of erythropoietin (EPO) and
suppresses hepcidin, which increases iron utilization and
the formation of red blood cells. Elevated hematocrit in-
creases blood viscosity, which theoretically raises the risk
of stasis and thrombosis. This is the main mechanism by
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which the potential risk of venous thromboembolism
(VTE) is explained.? In addition, testosterone has been
reported to reduce platelet aggregation and the density
of thromboxane A2 receptors, which could theoretically
compensate for the risk of increased viscosity.?

The main systemic changes in untreated hypogonad-
ism and after TRT, along with their cardiological implica-
tions, are summarized in Table 1.

Controversies surrounding testosterone
replacement therapy and cardiovascular risk

Despite the growing evidence of the unfavorable cardio-
metabolic profile associated with hypogonadism, testo-
sterone replacement therapy (TRT) was, for a long time,
considered potentially risky in terms of cardiovascular
safety. These concerns significantly influenced clinical
practice, particularly in the field of cardiology, leading to
caution or outright rejection of TRT for patients with exi-
sting cardiovascular disease.

A major turning point in the perception of TRT came
after the publication of several observational studies in
2013-2014. The most frequently cited work is a retrospec-
tive analysis published by Vigen et al.,* which reported
a higher incidence of a composite cardiovascular endpoint
in men with low testosterone who had undergone coro-
nary angiography and were treated with testosterone,
compared to those untreated. Shortly thereafter, Finkle
et al.* published a database-based analysis suggesting an
increased risk of non-fatal myocardial infarction after ini-
tiating TRT, particularly in older men and in patients with
pre-existing cardiovascular disease.

These studies attracted media and professional atten-
tion and led to regulatory actions, including warnings from
the U.S. FDA (Food and Drug Administration) regarding
the potential cardiovascular safety of testosterone prod-
ucts.?® However, it is important to emphasize that both

studies had significant methodological limitations that sig-
nificantly constrain the interpretation of their findings. In
contrast to the FDA, the EMA (European Medicines Agen-
cy) adopted a more cautious approach. After reviewing
the available evidence, it stated that the data on increased
cardiovascular risk are inconsistent, and the interpretation
of these studies is therefore not definitive.®

The retrospective observational design represents the
main weakness of most studies that highlighted a pos-
sible increase in cardiovascular risk associated with TRT.
These works lacked randomization, testosterone treat-
ment was not standardized, and the precise definition of
hypogonadism was often missing. In many cases, it was
unclear whether patients achieved physiological testos-
terone levels, or what their adherence to treatment was.

Another major issue was patient selection. The ob-
served cohorts often included men with very high cardio-
vascular risk, polymorbid patients, and individuals shortly
after acute cardiovascular events. These factors alone
substantially increase the risk of cardiovascular events
and can lead to so-called “confounding by indication”,
where treatment is prescribed to patients with poorer
overall health status.

In addition, analytical errors were subsequently iden-
tified in some studies. In the case of the work by Vigen
et al., the original results were subsequently corrected,
with data reanalysis leading to a change in the direction
of some conclusions. These circumstances further under-
mined the robustness of the initial claims about the in-
creased cardiovascular risk of TRT.

In the following years, a number of meta-analyses
were published that attempted to summarize the avail-
able data on the cardiovascular safety of testosterone re-
placement therapy. The results of these studies were het-
erogeneous and often depended on the included trials,
duration of follow-up, and the definition of the assessed
endpoints.?™33 However, a common feature of most of
these analyses was the absence of long-term randomized

Table 1 - Overview of the main systemic changes in untreated hypogonadism and after testosterone replacement therapy (TRT)

and their possible cardiological implications

Parameter Untreated hypogonadism

(deficiency)

Glucose metabolism'™"7 Insulin resistance, high risk of
progression to type 2 diabetes,

higher HbA,

Accumulation of visceral fat,
sarcopenia (loss of muscle mass),
reduced basal metabolic rate

Body composition'®

Inflammation? Elevated pro-inflammatory
cytokines (TNF, IL-6, CRP); chronic

low-grade inflammation

Hematopoiesis?? Frequent mild anemia (normo-
cytic, normochromic); reduced

oxygen-carrying capacity

Mental health and vitality"  Fatigue, reduced motivation,
depression, lethargy (“metabolic

fatigue”)

After testosterone replacement
therapy (TRT)

Increased insulin sensitivity,
reduction in HbA, , potential
remission of prediabetes

Reduction in fat mass (especially
visceral), increase in lean (muscle)
mass

Suppression of pro-inflammatory
cytokines; reduction of systemic
inflammation

Stimulation of erythropoiesis;
increased hemoglobin and he-
matocrit

Improvement in mood, energy,
motivation, and libido

Cardiology implications of TRT

Reduced glucotoxicity and lower
risk of microvascular complica-
tions

Improved metabolic profile,
reduced joint load, increased
physical fitness

Atherosclerotic plaque stabi-
lization; reduced endothelial
dysfunction

Improved tissue oxygenation (po-
tential benefit in heart failure),
but risk of hyperviscosity with
overtreatment

Better adherence to lifestyle
measures (exercise, diet)
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studies with sufficient statistical power to allow a defini-
tive conclusion.

The ambiguous data led to significant caution in clini-
cal practice regarding the indication of TRT, especially in
patients with cardiovascular disease or those at high risk
of developing it. This approach was understandable in the
context of the “primum non nocere” principle; however,
it may also have resulted in undertreatment of symptom-
atic patients with hypogonadism and in overlooking its
potential impact on cardiometabolic health.

The lack of prospective randomized trials primarily
designed to assess the cardiovascular safety of testoster-
one replacement therapy represented a major gap in the
available evidence. This gap was filled only recently by
the TRAVERSE study, which was specifically designed to
assess the cardiovascular risks of TRT in men with hypo-
gonadism and high cardiovascular risk.*

TRAVERSE Study

A major breakthrough in the assessment of the cardio-
vascular safety of testosterone replacement therapy was
brought by the randomized, placebo-controlled TRAVER-
SE trial (Testosterone Replacement Therapy for Assess-
ment of Long-term Vascular Events and Efficacy Respon-
SE in Hypogonadal Men), published in 2023.¢ The study
was specifically designed to evaluate the relationship
between TRT and the incidence of major adverse cardio-
vascular events in men with hypogonadism and concomi-
tantly increased cardiovascular risk — precisely the popu-
lation that has been the subject of the greatest concerns
and controversies in clinical practice.

Study design and population characteristics
TRAVERSE was a multicenter, randomized, double-blind,
placebo-controlled non-inferiority trial. The study enro-
lled 5,246 men aged 45-80 years with clinically and labo-
ratory-confirmed hypogonadism, defined by two morning
total testosterone levels below 300 ng/dl (~10.4 nmol/l)
and the presence of typical symptoms. The average BMI
was 35 kg/m?; 70% had type 2 diabetes mellitus, and 90%
had hypertension and dyslipidemia. Participants also had
either established cardiovascular disease or were burde-
ned with multiple cardiovascular risk factors.

Patients were randomized to daily application of trans-
dermal 1.62% testosterone gel or placebo. The dose was
titrated to maintain testosterone levels within the physi-
ological range (350-750 ng/dl ~ 12.1-26.0 nmol/l), which
distinguishes this study from earlier works where supra-
physiological peaks occurred, especially with injectable
forms of therapy. The average duration of treatment
was 21.7 months, and the mean follow-up period was 33
months.

Primary cardiovascular outcomes
The primary safety endpoint was the first occurrence of
a major adverse cardiovascular event (MACE), defined as
a composite of cardiovascular death, nonfatal myocardial
infarction, and nonfatal stroke. The study clearly met the
criteria for non-inferiority: the primary endpoint occu-
rred in 7% of patients in the testosterone-treated group
and 7.3% in the placebo group (hazard ratio 0.96; 95% ClI
0.78-1.17; p <0.001 for non-inferiority). The results were
consistent across each component of the primary end-
point and did not provide evidence of increased risk for
cardiovascular mortality, myocardial infarction, or stroke.
These data fundamentally refute concerns raised by ear-
lier observational studies, especially the works by Vigen
and Finkle.34

Following the publication of the TRAVERSE results, the
FDA updated the labeling information for testosterone
products and removed the boxed warning regarding in-
creased cardiovascular risk.?

Secondary outcomes and safety signals
Secondary analyses provided clinically relevant details.
Overall mortality and the need for coronary revascu-
larization were comparable between the testosterone
and placebo groups. On the other hand, a higher in-
cidence of atrial fibrillation was observed in the tes-
tosterone-treated group (3.5% vs. 2.4%). There was
also a slightly higher occurrence of acute kidney inju-
ry (2.3% vs. 1.5%) and pulmonary embolism (0.9% vs.
0.5%). Although the absolute differences were small,
these findings highlight the necessity for careful mo-
nitoring, particularly of hematocrit and hydration, du-
ring testosterone therapy.?

The main cardiovascular outcomes and safety signals
from the TRAVERSE study are summarized in Table 2.

Table 2 - TRAVERSE - overview of results and safety signals

Outcome Testosterone vs. Hazard ratio (HR)
placebo / Result

All-cause mortality Similar 0.96

Coronary revascularization  Similar NS

Atrial fibrillation (AFib) 3.5% vs. 2.4% Increased risk

2.3% vs. 1.5%
0.9% vs. 0.5%

Acute kidney injury (AKI) Increased risk

Pulmonary embolism (PE) Increased risk

Interpretation

TRT does not increase mortality.

No difference in the frequency of coronary revascularizations (PCI/
CABG)

Higher incidence of atrial fibrillation; clinical vigilance recom-
mended

Statistically significant, but the absolute difference is small (<1%).

Likely related to erythrocytosis

CABG - coronary artery bypass graft; HR — hazard ratio; NS - not statistically significant; PCl — percutaneous coronary intervention;

TRT - testosterone replacement therapy.
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Efficacy and non-sexual benefits of treatment

The TRAVERSE trial also provided data on the efficacy
of TRT in non-sexual domains. Testosterone therapy led
to the correction of anemia in hypogonadal men, which
may be clinically significant especially for patients with
heart failure or coronary artery disease. Metabolic be-
nefits were further confirmed in substudies and related
works, including the T4DM study, which showed that
long-term TRT can slow or prevent the progression from
prediabetes to type 2 diabetes.3®

Summary of the significance of the TRAVERSE trial
The TRAVERSE trial provides the highest-quality and most
robust evidence to date supporting the cardiovascular sa-
fety of testosterone replacement therapy when appropri-
ately indicated, dosed, and monitored. Its findings offer
a solid foundation for rational, individualized decision-
-making on TRT in men with hypogonadism and high
cardiovascular risk within a multidisciplinary care frame-
work.

TRAVERSE study in the context of current
meta-analyses and consensus evidence
The most recent synthesis of available data on the car-
diovascular safety of testosterone replacement therapy
is presented in an updated systematic review and meta-
-analysis of placebo-controlled randomized clinical trials
published in 2024, which now includes the results of the
TRAVERSE study and thus allows its conclusions to be as-
sessed in the context of the entire spectrum of randomi-
zed evidence. Out of a total of 3,615 identified works,
106 studies were included in the analysis, encompassing
8,126 men treated with testosterone and 7,310 patients
in the placebo group.®

When evaluating major adverse cardiovascular events
(MACE), no differences were found between the tes-
tosterone-treated group and the placebo group. An in-
creased incidence of nonfatal arrhythmias and atrial fi-
brillation was observed only in a single study,® which had
cardiovascular safety as its primary endpoint; however,
this finding was not confirmed when all other studies
were included in the meta-analysis. Additionally, no as-
sociation was found between endogenous testosterone
levels and the occurrence of atrial fibrillation after ad-
justment for confounding factors. The authors therefore

conclude that testosterone replacement therapy is not
associated with an increased risk of major adverse cardio-
vascular events.

Clinical implications: management
of a cardiology patient with suspected
hypogonadism

Although there is currently no standalone Czech guideline
specifically addressing routine testosterone screening in
men with type 2 diabetes, clinical practice in the Czech Re-
public is aligned with European and U.S. recommendations,
including guidance from the European Association of Uro-
logy (EAU), the European Society of Endocrinology (ESE),
and the American Diabetes Association (ADA), and applies
a pragmatic symptom-based case-finding approach.

From a practical perspective, cardiologists should
consider hypogonadism particularly in men with type 2
diabetes, obesity, metabolic syndrome, or chronic cardio-
vascular disease who also report symptoms such as per-
sistent fatigue, reduced exercise tolerance, loss of muscle
strength, or impaired quality of life. Alternatively, the Ag-
ing Males’ Symptoms (AMS) questionnaire may be used
to screen for symptoms suggestive of hypogonadism. In
these cases, an appropriate first step may be a screening
of morning total testosterone levels, followed by referral
to an endocrinology evaluation if low values are repeat-
edly found.

For cardiologists, it is particularly important to recog-
nize that the presence of stable cardiovascular disease by
itself does not represent a contraindication to testoster-
one replacement therapy, provided that the treatment
is indicated based on clinical symptoms and laboratory-
confirmed hypogonadism. The TRAVERSE study was con-
ducted precisely in a population of men with high cardio-
vascular risk, and it did not demonstrate any increase in
the incidence of major cardiovascular events with testos-
terone treatment.

If TRT is initiated in a patient with cardiovascular risk
factors, it should be accompanied by a clear monitor-
ing plan. The goal is to maintain testosterone within
the physiological range while minimizing specific risks.
A practical monitoring framework (frequency of follow-
ups and action thresholds) is provided in Table 3.

Table 3 - Monitoring patients on TRT: what to monitor and when to intervene

Parameter Frequency

Baseline, 3-6 months,
then annually

Hematocrit Hold therapy / reduce

dose if >54%

Prostate (PSA) Baseline, 3-6 months, Refer to urology if PSA

then annually

Blood pressure Every visit Monitor for elevation
Lipid/Glucose Annually Monitor improvement
Cardiac rhythm Every visit Screening for atrial

fibrillation

Target / Action threshold

increase >1.4 ng/mL/year

Rationale

Minimize hyperviscosity and thromboembolic risk (PE/DVT)

Prostate safety surveillance (TRT does not cause cancer, but may
unmask occult carcinoma).

TRT may cause fluid retention / BP changes.
TRT improves metabolic profile (lower LDL, HbA, ).

Signal from TRAVERSE for AFib; check pulse, obtain ECG if
suspected.

AFib - atrial fibrillation; BP - blood pressure; DVT - deep vein thrombosis; HbA1_- glycated hemoglobin; LDL - low-density lipoprotein;
PE - pulmonary embolism; PSA - prostate-specific antigen; TRT - testosterone replacement therapy.



492 Testosterone Replacement Therapy and Cardiovascular Safety

Specific population: patients with heart failure

Men with heart failure represent a specific and clinica-
lly significant subgroup in whom hypogonadism occurs
much more frequently than in the general population.
Available data show that low testosterone levels can be
found in approximately 30-50% of men with chronic he-
art failure, with prevalence increasing with disease seve-
rity. In this population, hypogonadism is associated with
a worse prognosis, higher mortality, more frequent re-
hospitalisations, and reduced exercise tolerance.*”

From a pathophysiological perspective, testosterone
deficiency contributes to the development of muscle
weakness, sarcopenia, and cardiac cachexia, all of which
significantly affect the patient’s functional status and
quality of life. Low testosterone levels are also associated
with insulin resistance, anemia, and inflammatory activa-
tion, which may contribute to the progression of heart
failure independently of left ventricular ejection fraction.

Smaller randomized trials in stable patients with heart
failure suggest that testosterone replacement therapy
may lead to improvements in functional capacity, as as-
sessed for example by the six-minute walk test or peak
oxygen consumption (peak VO ), as well as improvements
in NYHA functional class. These benefits are typically not
reflected in an improved ejection fraction, but are likely
mediated by enhancements in peripheral muscle func-
tion, metabolic efficiency, and the anabolic state of the
patient.3-4

However, increased caution is necessary. Testosterone
can promote sodium and water retention, increasing the
risk of volume overload, especially in patients with un-
stable or advanced heart failure. For this reason, testos-
terone replacement therapy should not be initiated in pa-
tients with decompensated heart failure or in NYHA class
IV. In stable patients (NYHA I-Ill), TRT may be considered
on an individual basis, ideally as part of multidisciplinary
care approach and with careful clinical monitoring.'

Conclusion

Current evidence has fundamentally changed the per-
spective on the cardiovascular safety of testosterone
replacement therapy (TRT). Hypogonadism is common
in men with type 2 diabetes, obesity, and cardiovascular
disease, and often represents part of a broader cardio-
metabolic phenotype associated with insulin resistance,
dyslipidemia, endothelial dysfunction, and chronic infla-
mmation.

Earlier concerns about the cardiovascular harms of TRT
were based primarily on observational studies with sig-
nificant methodological limitations. The TRAVERSE trial
demonstrated the non-inferiority of TRT compared to
placebo in the incidence of major adverse cardiovascular
events (MACE). This represents a major shift in cardiology
practice: stable cardiovascular disease itself is not a bar-
rier to rationally guided TRT in symptomatic men with
laboratory-confirmed hypogonadism.

When properly indicated and monitored, TRT in se-
lected patients can provide not only non-sexual benefits
(such as correction of anemia and improvement of meta-
bolic profile) but also clinically meaningful improvements

in vitality, functional capacity, and overall quality of life.
In cases of stable heart failure (NYHA I-lll), TRT may in-
dividually contribute to improved exercise tolerance and
quality of life, while in decompensated heart failure
(NYHA V), TRT should not be initiated and its indication
should be postponed until the condition is stabilized. In
functional hypogonadism, TRT should be part of compre-
hensive care, including weight reduction and multidisci-
plinary collaboration.

Conflict of interest
None.

Funding
None.

Ethical statement
Not applicable.

References

1. Corona G, Goulis DG, Huhtaniemi |, et al. European Academy
of Andrology (EAA) guidelines on investigation, treatment and
monitoring of functional hypogonadism in males: Endorsing
organization: European Society of Endocrinology. Andrology
2020;8:970-987.

2. Maggio M, Basaria S. Welcoming low testosterone as
a cardiovascular risk factor. Int J Impot Res 2009;21:261-264.

3. Vigen R, O'Donnell CI, Barén AE, et al. Association of
testosterone therapy with mortality, myocardial infarction,
and stroke in men with low testosterone levels. JAMA
2013;310:1829-1836.

4. Finkle WD, Greenland S, Ridgeway GK, et al. Increased risk of
non-fatal myocardial infarction following testosterone therapy
prescription in men. PloS One 2014;9:e85805.

5. Corona G, Rastrelli G, Sparano C, et al. Cardiovascular safety
of testosterone replacement therapy in men: an updated
systematic review and meta-analysis. Expert Opin Drug Saf
2024,23:565-579.

6. Lincoff AM, Bhasin S, Flevaris P, et al. Cardiovascular Safety
of Testosterone-Replacement Therapy. N Engl J Med
2023;389:107-117.

7. Wittert G, Grossmann M. Obesity, type 2 diabetes, and
testosterone in ageing men. Rev Endocr Metab Disord
2022;23:1233-1242.

8. Dhindsa S, Ghanim H, Batra M, Dandona P. Hypogonadotropic
Hypogonadism in Men With Diabesity. Diabetes Care
2018;41:1516-1525.

9. Dhindsa S, Prabhakar S, Sethi M, et al. Frequent occurrence of
hypogonadotropic hypogonadism in type 2 diabetes. J Clin
Endocrinol Metab 2004;89:5462-5468.

10. Rao PM, Kelly DM, Jones TH. Testosterone and insulin
resistance in the metabolic syndrome and T2DM in men. Nat
Rev Endocrinol 2013;9:479-493.

11. Wittert G, Bracken K, Robledo KP, et al. Testosterone
treatment to prevent or revert type 2 diabetes in men enrolled
in a lifestyle programme (T4DM): a randomised, double-blind,
placebo-controlled, 2-year, phase 3b trial. Lancet Diabetes
Endocrinol 2021;9:32-45.

12. Bhasin S, Brito JP, Cunningham GR, et al. Testosterone Therapy
in Men With Hypogonadism: An Endocrine Society Clinical
Practice Guideline. J Clin Endocrinol Metab 2018;103:1715-
1744.

13. Tajar A, Forti G, O’'Neill TW, et al. Characteristics of secondary,
primary, and compensated hypogonadism in aging men:
evidence from the European Male Ageing Study. J Clin
Endocrinol Metab 2010;95:1810-1818.

14. Wu FCW, Tajar A, Beynon JM, et al. Identification of late-onset
hypogonadism in middle-aged and elderly men. N Engl J Med
2010;363:123-135.



J. Ozana, K. Moravcova, R. Adamek, E. Sovova

493

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Corona G, Goulis DG, Huhtaniemi |, et al. European Academy
of Andrology (EAA) guidelines on investigation, treatment and
monitoring of functional hypogonadism in males: Endorsing
organization: European Society of Endocrinology. Andrology
2020,8:970-987.

Kershaw EE, Flier JS. Adipose tissue as an endocrine organ. J
Clin Endocrinol Metab 2004;89:2548-2556.

Kelly DM, Jones TH. Testosterone: a metabolic hormone in
health and disease. J Endocrinol 2013;217:R25-R45.

Traish AM, Abdou R, Kypreos KE. Androgen deficiency and
atherosclerosis: The lipid link. Vascul Pharmacol 2009;51:303-
313.

Jones RD, Pugh PJ, Jones TH, Channer KS. The vasodilatory
action of testosterone: a potassium-channel opening or

a calcium antagonistic action? Br J Pharmacol 2003;138:733-
744.

Kelly DM, Jones TH. Testosterone: a vascular hormone in
health and disease. J Endocrinol 2013;217:R47-R71.

Scragg JL, Jones RD, Channer KS, et al. Testosterone is a potent
inhibitor of L-type Ca(2+) channels. Biochem Biophys Res
Commun 2004;318:503-506.

Scragg JL, Dallas ML, Peers C. Molecular requirements for
L-type Ca* channel blockade by testosterone. Cell Calcium
2007;42:11-15.

Bianchi VE. The Anti-Inflammatory Effects of Testosterone. J
Endocr Soc 2019;3:91-107.

Pecori Giraldi F, Toja PM, et al. Increased prevalence of
prolonged QT interval in males with primary or secondary
hypogonadism: a pilot study. Int J Androl 2010;33:e132-e138.
Malkin CJ, Morris PD, Pugh PJ, et al. Effect of testosterone
therapy on QT dispersion in men with heart failure. Am J
Cardiol 2003;92:1241-1243.

Schwartz JB, Volterrani M, Caminiti G, et al. Effects of
testosterone on the Q-T interval in older men and older
women with chronic heart failure. Int J Androl 2011;34(5 Pt
2):e415-e421.

Kohn TP, Agrawal P, Ory J, et al. Rises in Hematocrit

Are Associated With an Increased Risk of Major Adverse
Cardiovascular Events in Men Starting Testosterone Therapy:
A Retrospective Cohort Claims Database Analysis. J Urol
2024;211:285-293.

Di Minno MND, Esposito D, Di Minno A, et al. Increased
platelet reactivity in Klinefelter men: something new to
consider. Andrology 2015;3:876-881.

Research C for DE and. FDA Drug Safety Communication:
FDA cautions about using testosterone products for low
testosterone due to aging; requires labeling change to inform
of possible increased risk of heart attack and stroke with

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

use. FDA. Online. 2025 Sep 17. Available from: https://www.
fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-
communication-fda-cautions-about-using-testosterone-
products-low-testosterone-due [cited 2026-01-04].

PRAC review does not confirm increase in heart problems with
testosterone medicines | European Medicines Agency (EMA).
Online. 2014. Available from: https://www.ema.europa.eu/en/
news/prac-review-does-not-confirm-increase-heart-problems-
testosterone-medicines. [cited 2026-01-04].

Xu L, Freeman G, Cowling BJ, Schooling CM. Testosterone
therapy and cardiovascular events among men: a systematic
review and meta-analysis of placebo-controlled randomized
trials. BMC Med 2013;11:108.

Alexander GC, lyer G, Lucas E, et al. Cardiovascular Risks

of Exogenous Testosterone Use Among Men: A Systematic
Review and Meta-Analysis. Am J Med 2017;130:293-305.
Corona G, Rastrelli G, Di Pasquale G, et al. Testosterone and
Cardiovascular Risk: Meta-Analysis of Interventional Studies. J
Sex Med 2018;15:820-838.

Bhasin S, Lincoff AM, Basaria S, et al. Effects of long-term
testosterone treatment on cardiovascular outcomes in men
with hypogonadism: Rationale and design of the TRAVERSE
study. Am Heart J 2022;245:41-50.

Research C for DE and. FDA issues class-wide labeling changes
for testosterone products. FDA.Online. 2025 Feb 28. Available
from: https://www.fda.gov/drugs/drug-safety-and-availability/
fda-issues-class-wide-labeling-changes-testosterone-products.
[cited 2026-01-04].

Wittert G, Bracken K, Robledo KP, et al. Testosterone
treatment to prevent or revert type 2 diabetes in men enrolled
in a lifestyle programme (T4DM): a randomised, double-blind,
placebo-controlled, 2-year, phase 3b trial. Lancet Diabetes
Endocrinol 2021;9:32-45.

Stout M, Tew GA, Doll H, et al. Testosterone therapy

during exercise rehabilitation in male patients with chronic
heart failure who have low testosterone status: a double-
blind randomized controlled feasibility study. Am Heart J
2012;164:893-901.

Mirdamadi A, Garakyaraghi M, Pourmoghaddas A, et al.
Beneficial Effects of Testosterone Therapy on Functional
Capacity, Cardiovascular Parameters, and Quality of Life

in Patients with Congestive Heart Failure. BioMed Res Int
2014;2014:392432.

Di Lodovico E, Facondo P, Delbarba A, et al. Testosterone,
Hypogonadism, and Heart Failure. Circ Heart Fail
2022;15:e008755.

Pugh PJ, Jones TH, Channer KS. Acute haemodynamic effects
of testosterone in men with chronic heart failure. Eur Heart J
2003;24:909-915.



Prehledovy ¢lanek | Review article

Saphenous Vein Graft in Coronary Artery Bypass Grafting
(CABG) Surgery: Combating Thrombosis, Intimal Hyperplasia
and Atherosclerosis in Maintaining Long-Term Graft Patency

Gold Sunday Palm Tampubolon?, Yan Efrata Sembiring?, Oky Revianto Sediono
Pribadi®, Chikita Nur Rachmi®, Danang Himawan Limanto?, Jeffrey Jeswant
Dillon¢, Ito Puruhito®

2 Department of Thoracic, Cardiac and Vascular Surgery, Faculty of Medicine, Universitas Airlangga, Surabaya, Indonesia

bDepartment of Thoracic, Cardiac and Vascular Surgery, Dr. Soetomo General Academic Hospital, Surabaya, Indonesia
¢Institut Jantung Negara, Department of Cardiology and Department of Cardiothoracic Surgery, Kuala Lumpur, Malaysia

ARTICLE INFO SOUHRN

Article history: Cil: Vzhledem k zéjmu o pouzivéani safény jako Stépu pro koronarni bypass (coronary artery bypass graft,
Submitted: 25. 11. 2025 CABG) bylo cilem této studie ziskat dalsi poznatky umoznujici zdokonalit 1éCebny postup, a zabranit tak
Revised: 12. 1. 2026 dalsimu poskozeni zilniho $tépu safény (saphenous vein graft, SVG).

Accepted: 13. 1. 2026 Metody: Tento komplexni pfehled popisuje soucasné standardy, aktualni postupy pfi Iécbé a vysledky koro-
Available online: 21. 8. 2026 narniho bypassu s pouzitim SVG; zaroven predstavuje fadu metod a novych postupli s potencidlem zlepsit

jak bezprostredni, tak dlouhodobou priichodnost $tépu, pfindsi poznatky o patofyziologii poskozeni SVG
i jak mohou tyto poznatky ukazat na nové moznosti lécby pripadného poskozeni.

Klicova slova: Vysledky: Odhojeni SVG mlze byt vysledkem trombdzy, intimalni hyperplazie a aterosklerézy. K akutni
Ateroskler6za tromboze dochézi v dusledku hyperkoagulability, patologie v oblasti spojky nebo z technickych diivodd,
Intimalni hyperplazie jako jsou poskozeni $t&pu a defekty anastomézy. Hlavnimi patofyziologickymi faktory v rozvoji intimélni
Ischemicka choroba srdecni hyperplazie jsou migrace a proliferace bunék hladkého svalstva cév (vascular smooth muscle cell, VSMC).
Koronarni bypass Prvnim krokem, ktery cely proces spousti, je dysfunkce nebo poskozeni endotelu pfi poskozeni cév. Tento
Odhojeni $tépu safény prehled popisuje postupy od odebrani SVG az po jeho implantaci véetné vybéru §tépu, zptisobu jeho odbéru,
Prachodnost $tépu jeho diikladného vysetieni, konzervaci a implantaci §tépu s pouzitim specialnich pomticek a vybaveni. Pre-

hled rovnéz seznamuje ¢tenare s farmakoterapii v rliznych stadiich implantace SVG s cilem zabrénit rozvoji
neointimalni hyperplazie a jeji pfipadné lécby.
Zavér: Zlepseni dlouhodobé priichodnosti SVG vyzaduje propojeni optimalizovanych chirurgickych postupd,
pfisnych farmakoterapeutickych rezimi a novych doplrikovych strategii. Pro sniZzeni po¢tu pfipad( odhojeni
SVG a delsi prezivani pacientd s CABG je naprosto nezbytné pokracovat v translacnim vyzkumu v oblasti
cévni biologie a biotechnologii.

© 2026, CKS.

ABSTRACT

Aim: Gaining further insight to enhance treatment to stop the progression of saphenous vein grafts (SVG)
disease, given the interest in using saphenous veins as grafts in coronary artery bypass graft (CABG).
Methods: This comprehensive review synthesizes the current standards, contemporary treatment, and re-
sults related to coronary arterial bypass grafting using SVG, exploring a variety of methods and develop-
ments that have the potential to improve both immediate and long-term graft patency. Understanding
pathophysiology of SVG disease and where it leads to suggest potential new treatments for the condition.
Results: Failure of SVG can be the results of thrombosis, intimal hyperplasia, and atherosclerosis. Acute
thrombosis caused by hypercoagulability, conduit-related pathology, or technical such as graft trauma and
anastomotic defects. The migration and proliferation of vascular smooth muscle cells (VSMCs) in the tunica

Keywords: intima layer is the main pathophysiology of intimal hyperplasia. Endothelial dysfunction or damage from
Atherosclerosis vascular injury is the first step that sets off the process. This review narrates SVG graft-to-implant strategies
Coronary artery bypass graft that include graft selection, harvesting technique, careful graft assessment techniques, graft preservation,
surgery and technology-assisted techniques. The review also covers pharmacotherapy that targets distinct stages of
Coronary artery disease the SVG condition to prevent and treat neointimal hyperplasia.

Graft patency Conclusion: Improving long-term SVG patency requires integration of optimized surgical techniques, rigorous
Intimal hyperplasia pharmacological regimens, and novel adjunctive strategies. Continued translational research into vascular bio-
Saphenous vein graft failure logy and biotechnology is crucial to reducing SVG failure rates and improving patient survival after CABG.
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Introduction

Coronary artery disease (CAD) remains the leading cause
of morbidity and mortality worldwide, with an estimated
17.9 million deaths annually, representing nearly one-third
of all global deaths.! The global economic impact of CAD
is immense, driven by costs of hospitalizations, loss of pro-
ductivity, and long-term management.? Despite extensive
progress in preventive cardiology—including statins, anti-
hypertensive therapy, antiplatelets, and smoking cessati-
on—CAD incidence continues to rise in parallel with aging
populations, sedentary lifestyles, obesity, and diabetes.?

For more than four decades, coronary artery bypass
grafting (CABG) has been the gold standard of surgical
revascularization for patients with advanced or complex
CAD, particularly those with left main stenosis, three-ves-
sel disease, diffuse atherosclerosis, or diabetes mellitus.*
The SYNTAX, FREEDOM, and EXCEL trials have consis-
tently demonstrated the survival and repeat-revascular-
ization advantage of CABG over percutaneous coronary
intervention (PCl) in these populations.>” While PCl offers
less invasiveness, CABG remains superior for long-term
durability of revascularization.

The choice of conduit is central to CABG outcomes.
The left internal mammary artery (LIMA) to the left ante-
rior descending artery (LAD) is universally considered the
“gold standard” anastomosis, with patency rates exceed-
ing 90% at 10-15 years.® However, the saphenous vein
graft (SVG) continues to be the most widely used conduit
globally because of its availability, length, ease of har-
vest, and ability to reach multiple distal coronary targets.
In fact, more than 70-80% of CABG procedures world-
wide still use SVGs in some capacity.®

Yet, SVGs represent the Achilles heel of CABG. While
LIMA durability is excellent, SVG patency rates drop
steeply over time—10-15% occlude within the first year,
and up to 50% fail within 10 years.'®'" The main drivers
are acute thrombosis, intimal hyperplasia, and acceler-
ated atherosclerosis. These processes are influenced by
a combination of patient-related risk factors (e.g., diabe-
tes, smoking), technical issues (harvesting trauma, preser-
vation), and biological mechanisms (endothelial dysfunc-
tion, smooth muscle proliferation, oxidative stress).'

Understanding the mechanisms of SVG failure has
driven numerous innovations, from no-touch harvesting
techniques, advanced preservation solutions, and phar-
macological strategies (dual antiplatelet therapy, statins,
PCSK9 inhibitors), to novel adjunct technologies such as
external stents and bioengineered grafts.’>'® Yet, despite
these efforts, SVG disease remains a major determinant
of long-term CABG outcomes.

This review synthesizes recent global evidence on SVG
disease, covering pathophysiology, risk factors, surgical
strategies, pharmacological therapy, technological ad-
juncts, outcomes, and future perspectives, with a focus on
both international data and regional experiences.

Historical perspective of CABG And SVG

The history of CABG is rooted in the pioneering work of
René Favaloro at the Cleveland Clinic in the late 1960s,

who performed the first successful CABG using autolo-
gous saphenous vein grafts. Early results were revoluti-
onary, providing surgical treatment for previously unt-
reatable coronary artery disease. During the 1970s and
1980s, CABG expanded worldwide, rapidly becoming one
of the most common performed major surgeries. In those
early decades, SVGs were the default conduit. They were
easy to harvest, versatile in length, and familiar to sur-
geons. Initial short-term outcomes were excellent, with
high rates of symptom relief and survival improvement.
However, as long-term angiographic and clinical follow-
-up became available, it was increasingly evident that
SVGs had limited durability compared with arterial con-
duits."”

By the 1980s, observational angiographic studies
showed SVG patency rates of ~70% at 5 years, dropping
to ~50% at 10 years, while LIMA patency exceeded 90%
at 10 years. This realization spurred greater interest in
arterial grafting strategies, particularly the right internal
mammary artery (RIMA), radial artery, and gastroepiploic
artery.'®

Nevertheless, the SVG remained indispensable. Arte-
rial conduits have limitations: the RIMA increases the risk
of sternal wound complications, particularly in diabetic
and obese patients; the radial artery is susceptible to va-
sospasm and is not suitable in all patients; and the gastro-
epiploic artery is technically demanding and infrequently
used. Moreover, many patients requiring CABG have mul-
tivessel disease involving 3-4 targets, for which available
arterial conduits are often insufficient. Consequently,
current CABG strategies reflect a combination approach:
a LIMA-to-LAD graft for durability, supplemented with
SVGs to other coronary territories. Even in advanced cen-
tres advocating multi-arterial grafting, SVGs remain nec-
essary in the majority cases.'®2°

Pathophysiology of saphenous
vein graft disease

SVG failure is a multifactorial, time-dependent process,
classically divided into three phases:

1. Early failure (0-1 month): Acute thrombosis

Acute thrombosis occurs in ~10-15% of grafts. The most
common causes were technical issues (conduit trauma,
poor anastomosis), hypercoagulability, and low-flow sta-
tes. The mechanism of acute thrombosis involved venous
endothelium, graft that accustomed to low-pressure cir-
culation undergoing injury under arterial pressure. The
process causes endothelial denudation, platelet activati-
on, and fibrin deposition (Fig. 1).2"2?

2. Intermediate failure (1-12 months): Intimal hyperplasia
Intimal hyperplasia is the pathognomonic lesion of SVG
disease. It represents the intermediate phase of graft
failure, occurring after the initial risk of acute throm-
bosis but preceding late atherosclerosis. The process is
primarily triggered by endothelial injury sustained du-
ring vein harvesting and implantation into the arterial
circulation. The venous conduit, originally adapted to
a low-pressure, low-flow environment, is suddenly ex-
posed to arterial shear stress and pulsatile pressure, re-
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Fig. 1 - Aortocoronary bypass, operative field showing a saphe-
nous vein graft with visible intraluminal thrombus.

sulting in endothelial denudation, platelet activation,
and a cascade of inflammatory and proliferative signals.
These early insults initiate vascular remodelling within
the graft wall.?

Following endothelial injury, vascular smooth muscle cells
(VSMCs) migrate from the media to the intima and under-
go phenotypic modulation from a contractile to a synthetic
state. In this state, VSMCs proliferate and secrete compo-
nents of the extracellular matrix (ECM)—notably collagen,
elastin, and proteoglycans—resulting in progressive in-
timal thickening. This neointimal formation narrows the
graft lumen and increases vascular stiffness. Hemodynamic
factors such as disturbed flow and oscillatory shear stress
further promote VSMC proliferation and extracellular ma-
trix deposition, reinforcing a cycle of maladaptive remode-
Iling. Experimental and clinical studies have confirmed that
the extent of intimal hyperplasia correlates strongly with
graft stenosis and mid-term occlusion rates.?*?

Although intimal hyperplasia rarely causes acute graft
occlusion, it establishes the pathological substrate for
accelerated atherosclerosis within the vein graft. Thus,
intimal hyperplasia is not only a hallmark lesion but also
a pivotal transitional stage linking early mechanical and
endothelial injury to the eventual development of graft
atherosclerosis.

3. Late failure (>1 year): Accelerated atherosclerosis
Unlike native coronary atherosclerosis, SVG atheroscle-
rosis is diffuse, concentric, and prone to plaque rupture.
Histological features in SVG atherosclerosis are large lipid
cores, thin fibrous caps, heavy inflammatory infiltrates.
Late SVG failure clinically often presents as unstable angi-
na, myocardial infarction, or distal embolization.?

Molecular mechanisms

The process of SVG disease begins with endothelial dys-
function, characterized by reduced bioavailability of nit-
ric oxide (NO)—a key vasodilator—and concomitant upre-
gulation of endothelin-1, reactive oxygen species (ROS),

and other oxidative mediators. This imbalance leads to
vasoconstriction, loss of anti-thrombotic surface proper-
ties, and promotion of a pro-inflammatory vascular mili-
eu. The dysfunctional endothelium triggers inflammatory
activation, during which cytokines such as interleukin-6
(IL-6), tumor necrosis factor-a. (TNF-a), and C-reactive pro-
tein (CRP) are released, inducing expression of adhesion
molecules (VCAM-1, ICAM-1, and E-selectin). These mole-
cules facilitate leukocyte adhesion, transmigration, and
accumulation within the graft wall, initiating a chronic
inflammatory response.?>23

Subsequently, vascular smooth muscle cells (VSMCs)
within the media undergo phenotypic switching from
a quiescent, contractile state to a synthetic phenotype ca-
pable of proliferation, migration into the intima, and se-
cretion of extracellular matrix (ECM) proteins. This adap-
tive yet maladaptive remodelling response contributes to
intimal hyperplasia, the hallmark intermediate lesion in
SVG disease.?

Persistent oxidative stress further accelerates vascular
injury: oxidized low-density lipoprotein (ox-LDL) par-
ticles are taken up by macrophages to form lipid-laden
foam cells, which drive the development of atheroma-
tous plaques within the graft. Over time, inflammatory
cells and macrophages secrete matrix metalloproteinases
(MMPs) that degrade ECM components such as collagen
and elastin, leading to thinning of the fibrous cap and
plaque instability, predisposing the vein graft to rupture
and occlusive thrombosis.?*?

Hemodynamic factors

Veins are adapted to low-pressure and low-flow states.
When saphenous veins are transposed into the arterial
circulation, they are suddenly exposed to a hemodynamic
environment for which they are not physiologically adap-
ted. Normally accustomed to low-pressure and low-shear
conditions, the venous endothelium experiences substan-
tial mechanical stress when subjected to arterial shear
and pulsatile pressure. Recent evidence demonstrates
that this abrupt exposure induces endothelial injury and
apoptosis mediated by mechanosensitive pathways such
as the FGL2/FcyRIIB signaling cascade, leading to endothe-
lial denudation and dysfunction. In addition, increased
tangential stress and wall tension provoke maladaptive
remodelling characterized by medial hypertrophy, smo-
oth muscle cell activation, and extracellular matrix accu-
mulation.?428

Biomechanical and immunological studies further
show that turbulent flow patterns at the graft-artery
anastomosis amplify endothelial activation and inflam-
matory signaling, promoting smooth muscle migration
and intimal hyperplasia. This combination of mechani-
cal overload and inflammation drives concentric wall
thickening and progressive luminal narrowing, setting
the stage for vein graft disease. Together, these findings
underscore that early hemodynamic mismatch—specifi-
cally increased shear stress, pulsatile arterial pressure, and
disturbed flow—is the primary initiator of the structural
and biological deterioration that ultimately compromises
long-term graft patency.?
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Risk factors for saphenous
vein graft (SVG) failure

SVG patency is determined by a complex interaction be-
tween patient-specific, graft-specific, and surgical/tech-
nical factors. Understanding these risk factors enables
surgeons to identify high-risk patients, tailor surgical stra-
tegies, and optimize postoperative care.

1. Patient-related risk factors

Diabetes mellitus

Chronic hyperglycaemia induces endothelial dysfunction,
oxidative stress, and accumulation of advanced glycati-
on end products, all of which accelerate smooth muscle
proliferation and intimal hyperplasia. Histopathologic
evidence further supports these findings, as patients with
type Il diabetes undergoing CABG exhibit characteristic
structural changes within SVGs—such as intimal fibrosis,
vacuolization of endothelial and smooth muscle cells, and
pre-existing microvascular injury. Although the direct im-
pact of these alterations on long-term graft patency re-
mains to be fully clarified, they likely contribute to the
heightened vulnerability of diabetic SVGs to early and
progressive failure.>®

Dyslipidaemia

Elevated low-density lipoprotein (LDL) cholesterol and
persistent hypertriglyceridemia promote lipid infiltra-
tion and foam-cell formation within the SVG intima,
accelerating graft atherosclerosis and luminal loss. Expe-
rimental and animal data show very rapid lipid accumu-
lation and foam-cell development in veins graft exposed
to hypercholesterolaemia, supporting a direct biological
effect of circulating atherogenic lipoproteins on graft
walls.z31

Smoking

Smoking induces a cascade of vascular insults that di-
rectly compromise SVG integrity and long-term patency.
Tobacco exposure increases oxidative stress and systemic
inflammation, reduces endothelial nitric oxide bioavaila-
bility, and enhances platelet activation and aggregation,
creating a prothrombotic and pro-inflammatory milieu
within the graft. Clinical and observational studies consis-
tently demonstrate that active smoking is associated with
reduced graft patency and higher rates of adverse cardio-
vascular outcomes after CABG.*

Chronic kidney disease (CKD)

Chronic kidney disease promotes a pro-atherothrombotic
vascular phenotype through persistent endothelial dys-
function (reduced NO signalling, impaired endothelial
repair), chronic inflammation, and accelerated medial/in-
timal calcification. These mechanisms plausibly render sa-
phenous vein grafts more susceptible to early neointimal
hyperplasia and late atherosclerotic failure. Consistent
with this biology, lower preoperative eGFR independent-
ly predicts higher SVG failure, contemporary reviews fur-
ther confirm CKD as an adverse determinant of long-term
post-CABG outcomes.3334

Age and sex
Advanced age is associated with impaired saphenous
vein graft (SVG) survival following coronary artery bypass
grafting (CABG). Aging leads to progressive endothelial
dysfunction characterized by decreased nitric oxide (NO)
bioavailability, increased oxidative stress, and reduced
endothelial regenerative capacity. Studies of human sa-
phenous veins have shown that older donor age corre-
lates with decreased endothelium-dependent relaxation
and heightened susceptibility to intimal hyperplasia.®
Sex-based differences further influence graft out-
comes. Several large observational cohorts have reported
that women experience lower SVG patency and higher
mortality after CABG compared with men. The underly-
ing factors is poorly understood but this disparity maybe
attributed in part to smaller coronary and conduit ves-
sel diameters in women, which predispose to early graft
thrombosis and competitive flow phenomena.3%38

Hypertension

Elevated and fluctuating arterial pressures expose the
venous conduit—naturally adapted to low-pressure envi-
ronments—to excessive hemodynamic stress, leading to
endothelial injury, vascular smooth muscle cell proliferati-
on, and maladaptive intimal hyperplasia. These processes
accelerate graft wall remodelling and lumen narrowing.
A recent retrospective study demonstrated that poor
blood pressure control was significantly associated with
lower long-term SVG patency following CABG, undersco-
ring the role of hypertension as an independent predictor
of graft failure. Chronic wall tension and disturbed flow
patterns also promote atherogenesis and medial degene-
ration, further compromising graft durability.>®

2. Graft-related risk factors

Vein quality

Pre-existing structural abnormalities in the saphenous
vein, such as varicosities, thin vessel walls, or small lu-
minal diameters, have been consistently associated with
early thrombosis and late stenosis following coronary ar-
tery bypass grafting (CABG). These morphological chan-
ges reflect chronic venous remodelling and loss of medial
smooth muscle integrity, predisposing the conduit to en-
dothelial disruption and impaired adaptation to arterial
pressure once grafted. Recent study reported that SVGs
with diameters <2 mm exhibited markedly reduced long-
-term patency—approximately 55% at 10 years—compa-
red with larger conduits (>2 mm, ~88%), highlighting ve-
ssel size as a critical determinant of graft survival. Proper
intraoperative vein assessment and selective harvesting
of morphologically healthy segments are therefore essen-
tial to optimize long-term SVG performance.?34°

Conduit length and flow

Long and tortuous grafts are vulnerable mechanical-ha-
bitat risks: excessive graft length and tortuosity predis-
pose the conduit to kinking, focal flow separation, and
turbulence, which in turn amplify shear-stress abnormali-
ties, endothelial dysfunction and focal intimal hyperpla-
sia. Although conduit geometry is recognized as an im-
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portant determinant of flow dynamics, recent literature
highlights an ongoing evidence gap regarding the direct
association between graft length and long-term patency.
The specific contribution of graft length remains poorly
defined and warrants further investigation. Preoperative
ultrasonographic mapping of the great saphenous vein—
assessing diameter, wall quality, and tortuosity—therefo-
re remains a crucial step to optimize conduit selection,
reduce wound morbidity, and potentially enhance long-
-term graft patency.*'#

3. Technical and perioperative factors

Harvesting technique
According to recent studies, conventional saphenous vein
harvesting that strips the perivascular tissue and subjects
the conduit to unregulated, high-pressure distension
causes immediate structural and biological injury—me-
chanical trauma and endothelial denudation reduce nitric
oxide bioavailability and expose subendothelial matrix,
promoting platelet adhesion and acute thrombosis, while
wall injury triggers vascular smooth muscle cell activation
and intimal hyperplasia that accelerate graft stenosis. In
contrast, “no-touch” or pedicled harvesting—where the
vein is removed with its surrounding adipose and adven-
titia intact and handled minimally—has been associated
with improved graft morphology and superior long-term
patency, albeit at the cost of higher leg-wound morbidity
in several series and registries. Endoscopic vein harves-
ting (EVH) reduces donor-site complications and wound
morbidity compared with open techniques and is widely
adopted, but operator technique matters: poorly perfor-
med EVH or excessive traction/distension during EVH can
still produce endothelial injury.4344

Therefore, many centres now emphasise a “soft-
touch” conduit preparation strategy—defined by atrau-
matic handling, avoidance of high-pressure distension
(use of low-pressure or no-pressure spasmolytic tech-
niques), preservation of perivascular tissue when feasible,
and standardised intraoperative graft assessment—to
minimise endothelial and adventitial injury and optimise
SVG performance. Contemporary guideline reviews and
consensus statements recommend these pragmatic steps
while acknowledging ongoing debates (and recent tri-
al data) about the balance between patency gains and
wound complications, and call for standardisation of har-
vesting and preparation protocols to improve reproduc-
ibility of outcomes.*

Preservation solution

Conventional storage media such as plain saline or he-
parinized autologous blood expose harvested SVG to
a non-physiologic, unbuffered environment that promo-
tes acidosis, oxidative stress, endothelial cell loss and im-
paired vasoreactivity, and several translational and clini-
cal reports have linked saline storage to worse markers of
endothelial injury. To mitigate these effects, investigators
have evaluated a spectrum of preservation strategies such
as simple buffered isotonic solutions and modified physio-
logic buffers that better maintain pH and ionic balance or
specially formulated endothelial-damage-inhibitor (EDI)

solutions such as DuraGraft that supply antioxidants and
protective ions. Some others studied hospital-compoun-
ded recipes (for example the GALA solution: glutathione,
L-ascorbic acid, L-arginine) tested in retrospective cohorts
and early trials and organ-preservation-derived solutions
(e.g., HTK/TiProtec-derivatives) that were developed to
limit cold ischemia-reperfusion injury and have shown
endothelial protection in experimental models. However,
the clinical evidence remains heterogeneous and adequa-
tely powered trials with angiographic or functional graft-
-patency and hard clinical endpoints are limited.*

Anastomotic technique
Poorly constructed anastomoses—particularly those per-
formed under excessive tension, with graft redundancy,
twisting, or kinking—create local hemodynamic distur-
bances that manifest as flow separation, recirculation zo-
nes, and regions of low wall shear stress, which in turn
accelerate early thrombosis and graft failure. Technical
errors such as malalignment, adventitial injury, or mis-
-angle at the heel or toe of the graft further impair en-
dothelial integrity and trigger platelet aggregation. Re-
cent hemodynamic studies and clinical data confirm that
non-physiologic geometry at the anastomosis correlates
strongly with early occlusion risk. Competitive flow in ter-
minal anastomoses of saphenous vein grafts, grafts with
suboptimal configuration and moderate native coronary
stenosis showed higher occlusion rates.4

In the realm of graft configurations, direct (single,
end-to-side) SVG anastomoses remain the most common
but may be vulnerable to competitive flow when the na-
tive target vessel stenosis is only moderate. Sequential
grafting—where a single vein conduit supplies several
distal anastomoses—has been shown to improve flow ef-
ficiency and reduce conduit waste in multivessel disease,

Fig. 2 - Y-graft of SVG in CABG.
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though it demands technical precision. Composite graft
configurations (e.g., Y- or T-grafts using a conduit such
as the SVG or internal thoracic artery) are gaining inter-
est for their potential to optimize inflow supply, reduce
aortic manipulation and adapt to extended revasculariza-
tion strategies. Recent found that a no-touch SVG used as
a Y-composite graft demonstrated non-inferior one-year
morphologic outcomes compared to an aortocoronary
SVG configuration (Fig. 2).*°

These findings reinforce that meticulous surgical
technique—ensuring tension-free routing, minimal re-
dundancy, proper alignment, anastomotic angle optimi-
zation, and configuration choice tailored to target mor-
phology—is essential to minimize early thrombosis and
preserve long-term SVG patency.

On-pump vs off-pump CABG

Off-pump coronary artery bypass grafting (OPCAB) may
be associated with lower SVG patency when performed
in the hands of less experienced surgeons or at lower-vo-
lume centres, although when performed in high-volume
centres with experienced teams the long-term outcomes
may be equivalent to on-pump CABG (ONCAB). Several
randomised controlled trials (RCTs) and meta-analyses
have shown that OPCAB is linked to a higher risk of graft
occlusion with one updated meta-analysis reporting a re-
lative risk (RR) of 1.40 (95% Cl 1.23-1.59) for SVG occlusi-
on in OPCAB vs ONCAB.*®

The difference has been attributed in part to the tech-
nical challenges of performing distal anastomoses on
a beating heart, potential incomplete revascularisation,
fewer grafts per patient, and the steeper learning curve
of OPCAB. Observational data also suggest that centres
and surgeons with lower OPCAB volumes have worse
outcomes and higher reintervention rates. On the other
hand, recent analyses suggest that in centres with estab-
lished OPCAB expertise and high annual volumes the SVG
patency and overall outcomes approximate those of ON-
CAB.

Therefore, when selecting OPCAB for a patient, the
surgeon’s experience and institutional volume should be
taken into accounts, and intraoperative verification of
graft quality (e.g., transit-time flow measurement) be-
comes particularly important to mitigate the higher risk
of SVG failure.

Minimally invasive CABG and robotic CABG

In minimally invasive coronary artery bypass surgery, the
use of SVG has demonstrated acceptable patency rates
comparable to those achieved with conventional ster-
notomy approaches. Angiographic and computed tomo-
graphy follow-up studies report early to mid-term SVG
patency of approximately 80-90%, indicating that mini-
mally invasive access does not compromise graft durabi-
lity when proper harvesting and anastomotic techniques
are applied.?

In robotic-assisted coronary artery bypass grafting
(CABG) and totally endoscopic coronary artery bypass
(TECAB), reported graft patency outcomes are generally
favourable, primarily reflecting the routine use of the
left internal mammary artery (LIMA) to the left anterior
descending artery. The well-established durability of the

LIMA conduit substantially influences overall patency re-
sults in these procedures. However, evidence specifically
evaluating SVG patency in robotic CABG and TECAB re-
mains limited. Although available data suggest accept-
able early and mid-term SVG patency, further systematic
follow-up is required to more clearly characterize long-
term SVG outcomes in this minimally invasive context.*

Surgical strategies to improve SVG patency

Refinements in surgical technique are among the most
effective interventions for improving SVG durability.

1. Vein harvesting techniques

Current studies emphasize that no touch harvesting is
superior in terms of patency compared to conventional
open harvesting. Endoscopic vein harvesting reduces
wound complications and improves cosmetic. Early re-
ports raised concerns about inferior patency, but other
contemporary studies suggest equivalent outcomes when
performed by experienced teams.

2. Preservation solutions

Traditionally, SVGs are stored in saline or blood during
surgery. However, these solutions fail to prevent ischemic
and oxidative injury. Buffered solutions (e.g., DuraGraft,
Custodiol) provide antioxidant protection and maintain
endothelial nitric oxide synthase (eNOS) activity, resulting
in lower intimal hyperplasia.

3. Anastomotic technique

Sequential anastomosis can improve flow and reduce com-
petitive flow, though carries risk of compromising multiple
territories if the proximal graft fails. Individual grafting
provides greater security but may sacrifice flow efficiency.
Meticulous construction with avoidance of kinking, exce-
ssive tension, and precise suturing remains critical. Addi-
tionally, when a graft is anastomosed to a coronary vessel
with only moderate stenosis (i.e., less-tight native flow re-
sistance), the phenomenon of competitive flow from the
native coronary reduces graft flow, increases the pulsatility
index (PI) and retrograde flow fraction, and thereby aug-
ments the risk of early graft occlusion.

From a haemodynamic standpoint, computational
modelling has demonstrated that increasing competi-
tive flow (i.e., decreasing the severity of native stenosis)
leads to lower time-averaged wall shear stress (TAWSS)
and higher oscillatory shear index (OSI) in the graft, con-
ditions known to promote endothelial dysfunction and
subsequent occlusion.

4. Intraoperative graft flow measure

Intraoperative graft flow measurement has become
a cornerstone in ensuring graft quality during CABG,
especially for assessing the viability of SVGs and arterial
grafts before chest closure. One of the most widely used
tools is transittime flow measurement (TTFM), which
quantifies the mean graft flow (MGF), calculates a pul-
satility index (PI), assesses diastolic filling (DF) and may
even incorporate advanced waveform analysis such as
fast Fourier transform (FFT) to detect subtle anomalies.
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Yet, intraoperative graft flow measurement should be
considered a complement to, rather than a replacement
for, surgical judgment. Surgeons are advised to measure
flow under stable hemodynamic conditions, interpret the
full waveform shape (not just single values), and revise
grafts when persistently low flow, high Pl or reverse flow
are detected.

4. On-pump vs off-pump CABG

To improve SVG patency, the choice between on-pump
and off-pump techniques should be guided by surgical
expertise and patient characteristics. In the case of off-
-pump CABG, special attention should be paid to maintai-
ning hemodynamic stability, avoiding target-vessel mo-
tion, and minimizing conduit trauma—factors that may
explain the slightly higher graft failure rates when done
in lower-volume centres. Indeed, a 2022 meta analysis
found that overall graft patency and SVG patency were
significantly poorer in off-pump vs on-pump CABG (RR
~1.32 for any graft occlusion; RR ~1.37 for SVG occlusion).
Meanwhile other trial found non-inferiority of off-pump
vs on-pump graft patency when performed by experien-
ced surgeons.054

5. External stents and conduit supports

External stenting places a flexible scaffold around the
SVG to limit outward dilation, reduce wall tension, and
thereby blunt the mechanotransduction cascade that
drives smooth muscle cell proliferation and intimal hyper-
plasia. Early human and preclinical data consistently show
that external support produces more uniform lumens, less
focal dilation, and significantly smaller intimal-hyperpla-
sia areas and intima—-media thickness versus unsupported
SVGs. However, the translation from favourable vessel re-
modelling to hard clinical benefit remains incompletely
proven.*

6. Other surgical innovations

Composite grafting — for example an internal mammary
artery-based Y-graft that supplies both the LAD and an
attached SVG — offers important technical and physio-
logic advantages: it reduces aortic manipulation (fewer
proximal aortic anastomoses), provides competitive LIMA
flow that can pressurize downstream conduits, and can
improve run-off and shear stress patterns in the distal co-
ronary bed. Using arterial inflow (RITA or LIMA) to supply
an SVG limb (composite-grafts), which may improve SVG
behaviour by exposing it to arterial nitric-oxide produc-
tion and more favourable hemodynamic.®

Pharmacological therapies for SVG patency

While surgical technique is crucial, pharmacotherapy is
equally important in preventing graft failure. Drugs act
on the thrombotic, inflammatory, and proliferative path-
ways that drive SVG disease.””

1. Antiplatelet therapy

In clinical practice following CABG, aspirin remains the
foundation of antiplatelet therapy: begin as soon as hae-
mostasis is secured (ideally within 6 hours) to reduce ear-

ly graft thrombosis, and plan for long-term daily aspirin
to minimise graft occlusion and major adverse cardiac
events (MACE). For patients at higher risk of SVG failure
(e.g., multiple SVGs, poor graft flow, or concomitant acu-
te coronary syndrome), consider dual antiplatelet therapy
(DAPT) with aspirin + a P2Yy; inhibitor for 12 months, pro-
vided bleeding risk is acceptable. For example, the DA-
CAB trial showed that aspirin + ticagrelor improved SVG
patency and reduced MACE up to five years versus aspirin
alone.”

On the other hand, the POPular CABG trial found no
significant improvement in SVG occlusion at 1 year and
an increased bleeding trend with DAPT. Consequently,
the decision to use DAPT should be individualised: assess
patient-specific factors (bleeding risk, graft count, graft
flow quality, comorbidities) and aim for shared decision-
making, monitoring carefully for bleeding. In lower-risk
patients (stable CAD, single SVG, no ACS), monotherapy
with aspirin may suffice; in higher-risk cases the incre-
mental benefit of DAPT may justify the bleeding risk,
provided close follow-up is ensured. Regular review of
antiplatelet strategy and adjustment based on renal func-
tion, haemodynamic changes, and concurrent therapies
is advised.>®

2. Lipid-Lowering Therapy

Statins

Intensive statin therapy has biological plausibility for pro-
tecting SVGs. Statins lower LDL-C and exert pleiotropic
actions (anti-inflammatory, antithrombotic, improved en-
dothelial function) that reduce lipid deposition, blunt ex-
pansive remodelling and intimal hyperplasia in veins con-
duits. Observational and randomized data have linked
statin use and lower LDL levels with less SVG disease and
smaller intimal hyperplasia on imaging. However, some
findings imply that early LDL lowering alone may be insu-
fficient to prevent the multifactorial process of early SVG
failure (thrombosis, technical factors) and that benefits
on atherosclerotic progression may emerge later.>

PCSK9 inhibitors

Trials testing intensive LDL lowering beyond statins
(PCSK9 inhibitors) have directly addressed whether deep-
er LDL reduction with adding evolocumab to background
statin therapy did not show a reduction in early SVG fai-
lure.®®

3. Anticoagulation

Routine postoperative warfarin or other full-dose oral
anticoagulation solely to improve SVG patency is not re-
commended because randomized trials and pooled ana-
lyses have not shown a consistent patency advantage that
outweighs the clear increase in bleeding risk. When an-
ticoagulation is required (for AF, mechanical valves, LV
thrombus, etc.), clinicians must explicitly plan antithrom-
botic combinations because adding antiplatelet therapy
increases bleeding risk. In exceptional situations (exten-
sive endarterectomy, early graft thrombosis), consider in-
dividualized short-term anticoagulation with careful risk—
benefit assessment and local multidisciplinary input.5'
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Future research direction

Anti-proliferative such as sirolimus analogues or other
anti-proliferative drugs have been investigated for pre-
venting intimal hyperplasia, but more research is needed
to evaluate its potensial for SVG disease.®? Polymeric ex-
ternal stents, in some recent studies show reduced inti-
mal hyperplasia, but though long-term clinical benefit
remains questionable.

Bioengineered conduits, developed using decellular-
ized scaffolds or synthetic polymers seeded with endo-
thelial or stem-derived vascular cells, are under active
preclinical and early translational evaluation. Current
studies show encouraging biomechanical strength, bio-
compatibility, and the ability to remodel and integrate
into host tissue, but long-term durability and thrombosis
resistance remain key hurdles before clinical adoption.
Emerging tissue-engineered vascular grafts (TEVGs) must
demonstrate not only safety and manufacturability at
scale, but patency rates at least equivalent to, if not bet-
ter than SVG to become a viable alternative for CABG in
routine practice.®

Conclusion

SVG failure remains a critical limitation of CABG. Alt-
hough numerous innovations show promising potential
to improve saphenous vein graft patency, current evi-
dence consistently demonstrates that the most decisive
determinants of long-term outcomes remain the funda-
mentals: high-quality surgical technique, thorough preo-
perative optimization, and appropriate, guideline-direc-
ted pharmacotherapy. In other words, while adjunctive
technologies may enhance results in the future, the cor-
nerstone of successful CABG today continues to rely on
meticulous operative practice and comprehensive medi-
cal management.
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Rustovy diferenciacni faktor-15 (growth differentiation factor-15, GDF-15) je cytokin reagujici na stres
a spojovany se zanétem, oxidacnim stresem, metabolickou dysfunkci a s poskozenim tkéani. V poslednich
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shrnuje poznatky o biologii a patofyziologii GDF-15, jeho vyuziti v diagnostice a prognostice, i uplatnéni
v [é¢bé a prindsi i kriticky pohled na soucasné mezery v dikazech a pozadavky na dalsi vyzkum.
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ABSTRACT

Growth Differentiation Factor-15 (GDF-15) is a cytokine responsive to stress, linked to inflammation, oxida-
tive stress, metabolic dysfunction, and tissue damage. In the past twenty years, it has become a significant
biomarker in several cardiovascular diseases (CVDs), such as heart failure (HF), coronary artery disease, acute
coronary syndromes, pulmonary vascular disease, arrhythmias, and cardiometabolic disorders. Increased cir-
culating GDF-15 levels forecast mortality, hospitalisation due to HF, repeated ischaemic incidents, and the
likelihood of haemorrhage. This review consolidates GDF-15 biology, pathophysiology, diagnostic and pro-
gnostic applications, and therapeutic implications and offers a critical evaluation of existing evidence gaps
and future research requirements.

Introduction

demonstrates anti-inflammatory effects by diminishing leuko-
cyte integrin activation and restricting neutrophil recruitment,

GDF-15: biology and pathophysiology

Molecular architecture and regulation

GDF-15 is a member of the TGF-B superfamily and is pro-
duced as a precursor protein that undergoes proteolytic
cleavage to generate a 25 kDa disulphide-linked dimer.!
Its transcription necessitates two p53-responsive promoter
sites, hence associating its expression with oxidative stress,
mitochondrial malfunction, and DNA damage pathways.?
The placenta is the primary generator of GDF-15, with le-
vels significantly increasing throughout pregnancy.

Pathophysiological mechanisms

Inflammation and immune regulation
GDF-15 exhibits a dual and context-dependent function in the
regulation of inflammation. In the case of acute tissue injury, it

therefore averting excessive inflammatory cell infiltration
and subsequent tissue damage.? These systems are believed
to facilitate the prompt containment of harm and sustain ce-
llular homeostasis. In chronic atherosclerotic disease, GDF-15
seems to transition towards a pro-inflammatory phenotype.
Experimental and human evidence indicates that a sustained
increase of GDF-15 may perpetuate low-grade inflammation,
alter macrophage phenotype, and facilitate the growth and
instability of atherosclerotic plaques.” This bidirectional be-
haviour highlights GDF-15’s intricate role in cardiovascular (CV)
inflammation, acting as both a protective and detrimental mo-
dulator based on the temporal and clinical context.

Cellular origins in health and disease

In pathological situations, GDF-15 is synthesised by: Car-
diomyocytes during ischaemia and post-myocardial in-
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farction remodelling.>=> Endothelial cells and vascular
smooth muscle cells in atherosclerotic plaques.” Adipo-
se tissue acts as an adipokine during metabolic stress.*
Extracardiac organs in chronic heart failure (HF).> In
acute myocardial infarction, cardiac output predomi-
nates, but chronic HF redirects output to peripheral ti-
ssues, including the liver, kidneys, and skeletal muscle.®

Endothelial dysfunction and accelerated
vascular senescence

An increasing amount of epidemiological evidence in-
dicates that GDF-15 is significantly correlated with indi-
cators of vascular ageing and endothelial dysfunction.
Community-based cohort studies indicate that elevated
circulating GDF-15 levels are associated with enhanced
arterial stiffness, compromised endothelial nitric oxide-
-mediated vasodilation, and early structural vascular
abnormalities. These associations endure following the
adjustment for conventional CV risk variables, indicating
that GDF-15 may signify early microvascular damage and
endothelial ageing. Given that endothelial dysfunction
precedes numerous CV disorders, GDF-15 may serve as
a sentinel biomarker for vascular health, detecting subc-
linical alterations that occur prior to the manifestation of
overt disease.5"°

Diagnostic and prognostic functions
of disease category

Community-based populations

Extensive cohorts, such as Rancho Bernardo and Framing-

ham, indicate that GDF-15 serves as a predictor:

e overall mortality,

e CV mortality,

e mortality associated with cancer,

¢ even subsequent to the adjustment for traditional bio-
markers such as NT-proBNP, hs-troponin, and hs-CRP.”®

Lifestyle variables, such as suboptimal CV health indicators
and tobacco use, correlate with elevated GDF-15 levels.'"'2

Oxidative and metabolic strain

GDF-15 is acutely responsive to oxidative and metabo-
lic stress, serving as a circulating biomarker indicative
of systemic physiological burden. Increased GDF-15 le-
vels are strongly associated with heightened oxidative
stress marker expression and metabolic dysregulation,
signifying an augmented state of cellular damage and
stress signalling. These correlations are routinely no-
ted in illnesses such as chronic renal disease, diabetes,
and obesity, where prolonged metabolic stress fosters
chronic inflammation and mitochondrial impairment.
GDF-15 functions as a sensitive marker of disrupted
metabolic homeostasis, amalgamating signals from
oxidative processes, inflammation, and organ stress
into a singular measurable biomarker. This renders it
especially beneficial for detecting persons predispo-
sed to cardiometabolic decline prior to the onset of
clinical symptoms.'?

Myocardial remodelling

In chronic HF, GDF-15 is persistently increased and signi-
ficantly correlated with detrimental myocardial remode-
Iling. Elevated GDF-15 levels are associated with augmen-
ted myocardial fibrosis, compromised left ventricular (LV)
systolic and diastolic function, and enhanced neurohor-
monal activation.® These alterations illustrate the inter-
action among mechanical stress, inflammation, oxidative
injury, and cellular apoptosis that contribute to advancing
cardiac injury. GDF-15 thereby consolidates many upstre-
am damage pathways into a prognostic indicator that
accurately reflects the extent of structural and functional
heart decline. Consequently, it is widely acknowledged
as a crucial biomarker of pathological remodelling and
disease progression in chronic HF.

Coronary artery disease (CAD)
In patients with CAD, GDF-15 is independently correlated
with: multivessel CAD, diabetes and renal impairment sys-
temic inflammation

In the Heart and Soul Study, GDF-15 was a predictor of
CV mortality, HF hospitalisations, and recurrent ischaemic
episodes in stable CAD.

Acute coronary syndromes (ACS)

In FRISC-II, PLATO, and PROVE-IT TIMI-22:

GDF-15 surpasses hs-CRP, NT-proBNP, and cardiac tropo-
nins in multivariable models.’*-2° GDF-15 is a robust pre-
dictor of both short- and long-term mortality. The risk
increases incrementally throughout tertiles (1.5%, 5%,
14.1%).'® Continued increase following acute coronary
syndrome indicates persistent remodelling and risk of
HF.'®¢2" Patients with GDF-15 levels over 1200-1800 ng/L
derive the most advantage from early invasive interven-
tion.1920

Heart failure
Chronic HFrEF/HFpEF
GDF-15 is associated with:
HF severity (NYHA classification, congestion), BNP/NT-
-proBNP, high-sensitivity cardiac troponin T, inflammati-
on, cachexia, renal impairment.?'

In HFpEF, increased GDF-15 indicates systemic inflam-
mation associated with comorbidities such as diabetes
and hypertension (HT).?

Acute HF

In advanced heart failure necessitating mechanical cir-
culatory support, GDF-15 levels decrease swiftly after LV
assist device (LVAD) implantation, indicating early res-
toration of peripheral organ function rather than direct
cardiac unloading—an effect not observed in natriuretic
peptide levels like BNP.2> GDF-15 serves as a significant
prognostic marker in cardiogenic shock, with elevated le-
vels predicting short-term mortality and reflecting the ex-
tent of systemic stress and multi-organ involvement.? The
RELAX-AHF trial demonstrated that decreases in circula-
ting GDF-15 during serelaxin therapy were significantly
correlated with enhanced clinical outcomes, highlighting
its efficacy as a dynamic biomarker for treatment respon-
se in acute heart failure.?® These observations collective-
ly underscore GDF-15 as a sensitive biomarker along the
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continuum of acute and severe heart failure, including
haemodynamic impairment, systemic inflammation, and
organ dysfunction, into a singular prognostic indicator.

Pulmonary vascular and right-heart pathology

GDF-15 improves risk stratification in several right-heart
and pulmonary vascular conditions. In acute pulmonary
embolism, increasing GDF-15 levels indicate individuals
at increased risk for negative outcomes, offering additi-
onal predictive value beyond clinical evaluation alone.?®
In pulmonary arterial hypertension, GDF-15 is associated
with disease severity and right-ventricular strain, perha-
ps surpassing natriuretic peptides in specific prediction
models.?®?” These relationships highlight its efficacy as
a biomarker that encompasses cardiopulmonary stress,
right-ventricular dysfunction, and systemic inflammatory
activation.

Clinical applications and therapeutic
consequences

Risk stratification and triage

Elevated GDF-15 levels identify patients with acute co-
ronary syndrome who either derive greater advantages
from early revascularisation or necessitate more rigorous
antithrombotic treatment.' 2 In chronic HF, GDF-15 faci-
litates risk assessment and helps identify patients suscep-
tible to unfavourable remodelling.

Prediction of bleeding risk

GDF-15 is a crucial element of bleeding-risk models esta-
blished from the ARISTOTLE and RE-LY trials, exhibiting
substantial predictive capability for major non-CABG-re-
lated haemorrhage and markedly enhancing risk classi-
fication beyond high-sensitivity cardiac troponins and
conventional clinical variables. Increased GDF-15 levels
predict bleeding problems in patients with ACS on dual
antiplatelet therapy, hence identifying those at increased
haemorrhagic risk during rigorous antithrombotic tre-
atment.?®

Assessment of treatment efficacy

Valsartan reduces BNP levels but does not affect GDF-15
(Val-HeFT), indicating distinct molecular processes.?' Sere-
laxin induces swift decreases in GDF-15 during acute HF
(RELAX-AHF).% Empagliflozin elevates GDF-15, signifying
regulation of metabolic stress.?

Potential for therapeutic targeting

GDF-15 modulates appetite regulation and systemic me-
tabolic management via the GFRAL-RET signalling path-
way, indicating possible therapeutic implications in va-
rious interrelated domains. GDF-15's regulation of energy
balance identifies it as a potential target for obesity and
metabolic syndrome therapy. Furthermore, its pivotal
position at the intersection of inflammation, metabolic
stress, and cardiac dysfunction underscores the promise
for therapeutic strategies targeting GDF-15 pathways to
enhance outcomes in cardiometabolic disorders and HF.?°

Cardiac arrhythmias

Individuals with lone atrial fibrillation (AF) or paroxy-
smal AF (PAF) frequently have elevated circulating GDF-
15 levels, indicating increased atrial stress and systemic
inflammation. These rises are associated with age, atrial
dimensions, and structural atrial remodelling, indicating
that GDF-15 may function as a sensitive measure of atrial
substrate susceptibility. Besides basic atrial arrhythmias,
GDF-15 has emerged as a prognostic indicator in non-is-
chaemic cardiomyopathy, with increased levels predicting
severe arrhythmic events, including prolonged ventricu-
lar arrhythmias and the need for implantable cardiover-
ter-defibrillator interventions. These data collectively
demonstrate the promise of GDF-15 as a comprehensive
biomarker connecting atrial disease, cardiac stress, and
the risk of malignant arrhythmias (Tables 1, 2).3%3

Cardiometabolic and systemic disorders

Elevated levels are observed in individuals with meta-
bolic syndrome, type 2 diabetes, non-alcoholic fatty
liver disease (NAFLD), and obesity, indicating underly-
ing metabolic stress and inflammation.?® Environmen-
tal and toxic exposures, including cadmium, correlate
with substantial elevations in GDF-15, underscoring its
responsiveness to oxidative and metabolic damage me-
chanisms.3233 GDF-15 is persistently increased in many
cardiometabolic and systemic diseases. Increased circu-
lating concentrations are correlated with the severity
of diabetic foot ulcers, suggesting a potential role in
wound-healing assessment and risk stratification.?* Ulti-
mately, it functions as a growth biomarker in congenital
heart disease, especially in younger children when con-
ventional dietary indicators are less dependable.?® Mo-
reover, GDF-15 functions as an autonomous predictor of
coronary plaque burden in individuals with HIV, signify-
ing its robust association with chronic inflammation and
vascular injury.3%37

Constraints and prospective directions

Constraints

Primary limitations

The primary limitations of the existing evidence encom-
pass the utilisation of different immunoassays and poor
calibration across analytical platforms,® leading to hete-
rogeneity in reported GDF-15 values. Threshold values
vary significantly among research, restricting compara-
bility and obstructing the formulation of standardised
clinical cut-offs. Furthermore, the majority of accessible
data originate from observational cohorts, which limits
causal inference and heightens vulnerability to residual
confounding.”'® Renal impairment, advanced age, and
multimorbidity significantly affect circulating GDF-15 le-
vels, confounding the interpretation and risk assessment
across various individuals.”'? Ultimately, mechanistic path-
ways are inadequately comprehended in human studies,
underscoring the necessity for more profound translatio-
nal research to elucidate GDF-15's biological function in
CV disease (CVD).
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Table 1 - The main topic points of recent studies

Reference no.  Authors Subjects

Ref [30] Dallmeier et al. Patients with stable coronary
heart disease

Ref [32] Hagstrom et al.  Patients with acute coronary
syndromes

Ref [34] Schopfer et al. Patients with stable ischemic
heart disease

Ref [35] Fuernau et al. Acute myocardial infarction
patients

Ref [39] Wallentin et al.  Patients with non-ST-elevati-
on acute coronary syndrome

Ref [42] Chan et al. Patients with heart failure

Ref [46] Cotter et al. Patients with heart failure

Ref [47] Wollert et al. Community-dwelling indivi-
duals

Ref [48] Abu-Assi et al. Patientss with acute coronary
syndromes

Ref [49] Wallentin et al.  Patients with atrial fibrillation

Ref [50] Hijazi et al. Patients with atrial fibrillation

Ref [51] Kato et al. Individual patient meta-
analysis

Ref [52] Omar et al. Patients with heart failure

Ref [53] Xiao et al. Review

Main theme

Baseline GDF-15 independently predicts CVE and 10-year total
mortality. Despite adjusting for well-established cardiovascular risk
variables and cardiac biomarkers, 12-month relative changes were
associated with subsequent CVE and total mortality.

Higher GDF-15 levels in ACS patients increase the risk of all kinds of
severe non-CABG-related bleeding, spontaneous Ml, stroke,

CV and total mortality, and seem to improve risk stratification for
CV-mortality and major bleeding beyond known risk factors.

Higher GDF-15 levels predict major CV events in stable ischemic
heart disease. Other risk factors may not explain GDF-15 risk.

GDF-15 on admission independently predicts short-term mortality
in infarct-related cardiogenic shock.

Lifetime perspective suggests early invasive therapy for most
non-ST-elevation acute coronary syndrome patients.

Inflammatory damage (GDF15) may be relevant in both HF
syndromes beyond haemodynamic stress (NT-proBNP).

GDF-15 elevations, but not baseline amounts, were associated with
worse RELAX-AHF outcomes. Serelaxin reduced GDF-15 more than
placebo.

GDF-15 shows CV disease development, progression, and prognosis
that clinical risk factors and other biomarkers cannot.

An update on clinically utilised ACS bleeding risk ratings.

GDF-15 causes atrial fibrillation-related haemorrhage, mortality,
and stroke. N-terminal pro-brain natriuretic peptide and high-
sensitivity troponin | did not influence bleeding or death.

ABC-bleeding beat HAS-BLED and ORBIT scores and may assist atrial
fibrillation patients choose anticoagulation.

GDF15 predicts ASCVD CV mortality and HHF. GDF-15 improves Ml
and stroke prognosis, but not ACS.

Empagliflozin increased plasma GDF-15 in HFrEF patients without
raising hsTNT or hsCRP

GDF-15-mediated energy control may treat glucolipid metabolic
disorders (GLMD). GDF-15 increases appetite in patients with
diabetes, obesity, non-alcoholic fatty liver disease (NAFLD), and
other disorders. GDF-15's role in GLMD's pathophysiology may lead
to a novel therapy

Knowledge deficiencies

Significant gaps persist in the existing comprehension of
GDF-15, necessitating elucidation through forthcoming
study. Inadequate characterisation of the longitudinal
trajectories of circulating GDF-15 across various phases of
cardiovascular and metabolic illnesses constrains its effecti-
veness for dynamic risk evaluation. Secondly, the absence
of defined disease-specific reference ranges complicates
the identification of clinically significant cut-off values for
various illnesses. The molecular role of GDF-15 in critical
disease processes—such as myocardial inflammation and
fibrosis in HFpEF, atrial remodelling in AF, and vascular
remodelling in pulmonary HT—remains little defined. The
genetic regulation of GDF-15 expression, particularly the
impact of single nucleotide polymorphisms, necessitates
further examination to elucidate interindividual variability
and heritable factors influencing circulating levels.?

Anticipated pathways

Future research must prioritise several critical domains
to enhance the clinical and translational application of
GDF-15. First, the development and universal adoption of
standardised immunoassay platforms is essential to mini-
mise inter-laboratory variability and enable reliable com-
parisons of results across studies. Secondly, incorporating
GDF-15 into multi-omics frameworks—such as genomics,
proteomics, metabolomics, and transcriptomics—could
elucidate fundamental biological pathways and impro-
ve disease phenotyping. Third, clinical decision-support
technologies based on machine learning that integrate
GDF-15 could enhance personalised risk assessment and
treatment stratification. Fourth, prospective clinical tri-
als are necessary to assess GDF-15—-guided management
options and to ascertain its supplementary value in stan-
dard cardiovascular therapy. A thorough examination
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Table 2 - The main topic points of recent studies

Reference no. Authors Subjects

Ref [54] Li et al. Patients with “lone” atrial
fibrillation

Ref [55] Chen et al. Patients with atrial
fibrillation

Ref [56] Carballo-Casla et al. Older adults

Ref [57] Garcia-Esquinas et al.  Non-smoking older adults

Ref [58] Zang et al. Ischemic Stroke patients

Ref [59] Sendur et al. Patients with diabetic foot
ulcer

Ref [60] Paneitz et al. Children with Congenital
Heart Disease

Ref [61] May et al. Patients with nonischemic
dilated cardiomyopathy

Ref [62] Asrih et al. Patients with metabolic
syndrome

Ref [63] Tridamayanti et al. Acute myocardial
Infarction Patients

Ref [64] Royston et al. People living with and
without HIV

Ref [65] Deng et al. Patients With Chronic
Obstructive Pulmonary
Disease

Ref [66] Mei et al. Patients with type 2
diabetes mellitus

Ref [67] Duceppe et al. Patients 45 years or older

having major noncardiac
surgery

Main theme

In AF of unknown aetiology (UeAF), plasma GDF-15 was higher
than sinus rhythm and lower than paroxysmal AF (PAF). Left atrial
diameter and age substantially influence GDF-15.

In this community-based biracial group, greater GDF-15
concentrations independently predicted incident AF.

The metabolic syndrome raised elderly GDF-15 levels. Abdominal
obesity, hyperglycemia, low HDL-cholesterol, and inflammation
caused this link.

Cd exposure raises CVD risk. CD may boost GDF-15.

GDF-15 levels independently predicted poststroke depression (PSD)
in acute ischemic stroke, suggesting it may be a PSD biomarker.

Diabetic foot ulcer patients have elevated GDF-15. Advanced
lesions are more common. GDF-15 measurement may help treat
diabetic foot ulcers.

GDF-15 is an important growth indicator in congenital cardiac
disease (CHD) children, especially those under 2 with HF.
Prealbumin has no long-term growth biomarker.

Serum GDF-15 independently predicted major arrhythmic episodes
and mortality in nonischemic HF patients on optimal medication
treatment. This biomarker may stratify sudden death risk in this
population.

Preclinical animal studies show that GDF15 mimics lower food
intake and weight. Thus, GDF15 might fight global obesity.

At 3 months, Ml patients with elevated GDF-15 risked major
cardiac adverse events (MACE).

GDF-15 and smoking synergistically increase coronary plaque
volume in people living with HIV (PLWH). GDF-15 levels
independently predicted coronary artery plagues in HIV-negative
individuals.

Chronic obstructive pulmonary disease (COPD) patients may readily
assess sarcopenia using serum GDF15 levels.

CAD and diabetic patients exhibited differing GDF-15 and ApoB/
ApoAT1 levels. Diabetics may predict CAD using ApoB/ApoA1 and
GDF-15.

GDF-15 accurately predicts 30-day major cardiovascular events and
cardiac risk in noncardiac surgery patients.

of GFRAL-RET signalling and its regulatory mechanisms
in cardiovascular pathology may provide potential tre-
atment avenues.

Conclusion

GDF-15 is a reliable biomarker indicative of cardiometa-
bolic stress, inflammation, vascular dysfunction, and det-
rimental remodelling. In specific cardiovascular contexts,
elevated GDF-15 consistently predicts mortality, recurrent
ischaemic events, the advancement of HF, and the risk
of haemorrhage. Despite its established diagnostic and
prognostic significance, considerable limitations—such as
assay variability, insufficient mechanistic understanding,
and a lack of standardised thresholds—hinder its practical
application. Future mechanistic and interventional stu-

dies will ascertain whether GDF-15 may transition from
a prognostic marker to a therapeutic target.
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Kazuistika | Case report

Diseminovany epiteloidni hemangioendoteliom
jako vzacna pficina nadorového postizeni srdce

(Disseminated epithelioid hemangioendothelioma as a rare cause of heart neoplasm)
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Epiteloidni hemangioendoteliom (EHE) je vzacny mezenchymalni nador vaskularniho plvodu s heterogen-
nim klinickym prabéhem. Nejcastéji postihuje jatra, plice, kosti a mékké tkané, zatimco postizeni srdce patfi
k mimoréadné vzacnym projeviim tohoto onemocnéni a mize imitovat benigni primérni srde¢ni tumory.
Prezentujeme pfipad 29letého muze bez vyznamné osobni a rodinné anamnézy, ktery byl pfijat pro postup-
né narustajici dusnost. Vstupni vysetfeni prokazalo oboustranny pleurdini vypotek, perikardialni vypotek
a intrakavitalni Utvar levé siné o maximalnim rozméru az 40 mm, ktery byl dle morfologie v echokardio-
grafickém obraze suspektni z myxomu. Dalsi zobrazovaci vysetieni odhalila tumordzni expanzi zadniho
mediastina s infiltraci levé sing, postiZzeni pleury, mnohocetna loziska v plicnim parenchymu a skeletu. Dife-
rencialnédiagnosticky bylo zvazovano hematologické onemocnéni, které viak nebylo potvrzeno. Definitivni
diagndéza diseminovaného epiteloidniho hemangioendoteliomu byla stanovena na zakladé histologického
a imunohistochemického vysetreni kostni |éze s pozitivitou markeru CAMTA1.!
Navzdory zahajeni paliativni systémové lécby doslo k rychlé progresi onemocnéni a pacient zemfel Ctyri
mésice od stanoveni diagndzy. Kazuistika poukazuje na nutnost zvazovat maligni etiologii i u zdanlivé ty-
pickych intrakardialnich Utvard, zejména pfi pfitomnosti systémovych projevd. Multimodalni zobrazovaci
pristup v kombinaci s histologickou verifikaci je zasadni pro stanoveni spravné diagnézy.'?
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ABSTRACT

Epithelioid hemangioendothelioma (EHE) is a rare mesenchymal tumor of vascular origin with a heteroge-
neous clinical course. It most commonly affects the liver, lungs, bones, and soft tissues, whereas cardiac invol-
vement is an exceptionally rare manifestation of the disease and may mimic benign primary cardiac tumors.
We present the case of a 29-year-old man with no significant personal or family medical history who was
admitted for progressively worsening dyspnea. Initial examination revealed bilateral pleural effusion, peri-
cardial effusion, and an intracavitary mass in the left atrium measuring up to 40 mm, which was considered
suspicious for a myxoma based on its echocardiographic morphology. Further imaging revealed a tumor
mass in the posterior mediastinum infiltrating the left atrium, pleural involvement, and multiple lesions in
the lung parenchyma and skeleton. A hematologic malignancy was considered in the differential diagnosis
but was not confirmed. The definitive diagnosis of disseminated epithelioid hemangioendothelioma was
established by histopathological and immunohistochemical examination of a bone lesion demonstrating
CAMTAT1 positivity."

Despite the initiation of palliative systemic therapy, the disease progressed rapidly, and the patient died
four months after the diagnosis was established. This case highlights the need to consider a malignant etio-
logy even in apparently typical intracardiac masses, particularly in the presence of systemic manifestations.
A multimodality imaging approach combined with histopathological verification is essential for establishing
the correct diagnosis.'?
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Uvod

Epiteloidni hemangioendoteliom (EHE) je vzacny mezen-
chymdlni nador vaskularniho pUvodu s biologickym cho-
vanim na pomezi benignich hemangiomu a vysoce malig-
nich angiosarkoma.? Incidence onemocnéni se odhaduje
pfiblizné na 1 pfipad na 1 000 000 obyvatel ro¢né. Klinic-
ky pribéh je znacné variabilni — od indolentnich forem
s dlouhodobym prezitim az po agresivni, rychle progre-
dujici diseminované onemocnéni.

Epiteloidni hemangioendoteliom nejcastéji postihu-
je jatra, plice, kosti a mékké tkané. Postizeni srdce patfi
k mimoradné vzacnym projevim tohoto onemocnéni
a v literatufe jsou popisovany pouze ojedinélé pripa-
dy, prevazné ve formé primarniho srde¢niho nadoru.*>
Tyto pripady mohou mit pfi v€asné diagndze a radikal-
ni chirurgické lécbé relativné pfiznivou prognoézu.*’
U lokalizovanych forem epiteloidniho hemangioendo-
teliomu, véetné vzacnych primarnich srde¢nich pfipadd,
je pfi technické moznosti kompletni chirurgické excize
s negativnimi resek¢nimi okraji (R0) popisovana pfiz-
nivéjsi progndza a chirurgickd resekce je povazovana
za kauzalni [é¢bu.*%” Naopak sekundarni srdecni posti-
Zeni v ramci diseminovaného onemocnéni je spojeno
s nepfiznivym prabé&hem a omezenymi terapeutickymi
moznostmi.58

Diagnostika EHE je obtizna vzhledem k nespecifickym
klinickym ptiznakdim a variabilnim ndlezdm pfi zobrazo-
vacich vysetfenich. Zasadni vyznam ma histopatologické
vysetfeni doplnéné imunohistochemii, pficemz pozitivita
markeru CAMTA1 je povazovdna za vysoce specifickou
pro tuto jednotku.' Cilem této kazuistiky je prezentovat
pfipad mladého pacienta s diseminovanym epiteloidnim
hemangioendoteliomem s postizenim srdce, ktery byl ini-
cidlné diagnosticky zvazovan jako benigni primarni srdecni
nador.

Popis pripadu

Devétadvacetilety muz, dosud zdravy, bez vyznamné
osobni ¢i rodinné anamnézy, byl pfijat na kardiologic-
kou kliniku pro postupné narustajici dusnost a celkovou

slabost. PFi vstupnim klinickém vy3etfeni byly pfitomny
zndmky oboustranného pleurdiniho vypotku a tlumené
srdecni ozvy. Pacient byl hemodynamicky stabilni, bez
zndmek akutniho srde¢niho selhani.

Transtorakalni echokardiografie prokazala intrakavi-
talni Gtvar levé siné o velikosti pfiblizné 25 x 40 mm, pa-
trny v projekci parasternalni dlouha osa (parasternal long
axis) (obr. 1). Utvar byl nepravidelného tvaru, bez jasné
patrné stopky, caste¢né adherentni k zadni sténé levé
siné. Soucasné byl pfitomen perikardialni vypotek bez
echokardiografickych zndmek srdec¢ni tamponddy. Systo-
lickd funkce levé komory byla zachovéna, bez vyznamné
chlopenni patologie.

Vzhledem k lokalizaci a morfologii intrakardialni masy
byla v diferenciadlni diagnostice primarné zvazovana dia-
gndéza myxomu levé siné. Pfitomnost oboustranného pleu-
rélniho vypotku vsak vzbuzovala podezieni na systémové
onemocnéni. Pleurdini vypotek mél charakter exsudatu,
cytologické a kultiva¢ni vysetieni bylo negativni, flowcyto-
metrie neprokazala patologickou lymfoproliferaci.

CT vysetfeni hrudniku prokazalo tumordézni expanzi
zadniho mediastina s infiltraci levé siné, dale infiltrativni
postizeni pleury, mediastindlni lymfadenopatii a mno-
hocetna loziska v plicnim parenchymu a skeletu (obr. 2).
Na zdakladé téchto ndlezd bylo vysloveno podezieni na
hematologickou malignitu, které viak nebylo potvrzeno
ani biopsii mediastinalni lymfatické uzliny, ani vysetfenim
kostni dfené.

Vyraznou akumulaci fluorodeoxyglukézy (FDG) v me-
diastindlnich uzlinach, plicnim parenchymu a skeletu
prokdzalo vysetfeni pozitronovou emisni tomografii/vy-
pocetni tomografii (PET/CT) (obr. 3). Jedno z metabolicky
nejaktivnéjsich lozisek bylo lokalizovano v oblasti diafyzy
humeru, odkud byla provedena cilena biopsie.

Histopatologické vysetfeni kostni |éze prokazalo in-
filtraci epiteloidnimi burikami s eozinofilni cytoplazmou
a fokalni svétlobunécnou luminizaci (obr. 4). Imunohis-
tochemické vysetfeni bylo pozitivni v markeru CAMTA1
(obr. 5), ¢imz byla potvrzena diagnéza epiteloidniho he-
mangioendoteliomu.’

Na zakladé rozsahu postizeni byla stanovena diagné-
za diseminovaného epiteloidniho hemangioendoteliomu
s postizenim srdce, plic, pleury, mediastina a skeletu. Pa-

Obr. 1 - Echokardiograficky obraz intrakavitalniho utvaru levé siné a perikardialniho vypotku v projekcich PLAX a A4C.



R. Svétlikova, J. Opatrny, J. Baxa, R. Rokyta

511

Obr. 2 - CT vysetieni hrudniku - objemny utvar za srdcem prominujici do pravé siné. Oboustranny

fluidotorax.

Obr. 3 - ®F-FDG PET/CT - znamky akumulace FDG v mediastinalnim uUtvaru i uzlinach a drobné
fokusy akumulace v pleurélni dutiné a kostech. FDG - fluorodeoxyglukéza; PET/CT - pozitronova

emisni tomografie / vypocetni tomografie.

cient byl prelozen k dalsi péci na Onkologickou a radio-
terapeutickou kliniku, kde byla zahajena paliativni che-
moterapie doxorubicinem. Onemocnéni viak i pres lécbu
rychle progredovalo a pacient zemftel pfiblizné ¢tyfi mési-
ce od stanoveni definitivni diagnozy.

Diskuse

Epiteloidni hemangioendoteliom predstavuje diagnos-
ticky i terapeuticky naro¢nou jednotku s vyrazné varia-
bilnim klinickym pradbéhem.>® V prezentovaném pripadé
byla nemoc manifestovana intrakardidlni masou levé
siné, ktera byla pfi vstupnim echokardiografickém vyset-
feni morfologicky kompatibilni s benignim primarnim
nadorem srdce, zejména myxomem. Tento fakt ilustruje
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Obr. 4 - Buriky tumordzniho lozZiska s eozinofilni cytoplazmou a fo-
kalni svétlobunéénou luminizaci pfi barveni hematoxylin-eosinem.

jedno z hlavnich diagnostickych uskali EHE — schopnost
imitovat béznéjsi a prognosticky pfiznivéjsi srdecni |éze.*>

Zasadni roli v diagnostickém procesu sehralo multimo-
dalitni zobrazovani. Zatimco echokardiografie umoznila
detekci intrakardidlni masy a posouzeni jejiho hemody-
namického vyznamu, CT vysetieni prineslo klicové infor-
mace o extrakardidlnim Sifeni procesu. PET/CT vysetrfeni
nasledné umoznilo identifikaci metabolicky nejaktivnéj-
$iho loziska vhodného k biopsii, coz vedlo ke stanoveni
definitivni diagndzy.?

Definitivni diagnéza EHE byla potvrzena histopatolo-
gicky a imunohistochemicky s pozitivitou CAMTA1, ktera
je povazovdana za vysoce specificky marker tohoto one-
mocnéni.' Prognéza EHE je vyznamné zavisla na rozsahu
onemocnéni v dobé diagnézy. Zatimco lokalizované for-
my mohou mit relativné pfiznivy prabéh, diseminované
onemocnéni je spojeno s velmi nepfiznivou prognézou
a omezenymi terapeutickymi moznostmi.® U nékterych
pacientd maze byt diseminovany pribéh komplikovan
zavaznymi systémovymi projevy, vcetné koagulacnich
komplikaci, jak dokladaji i recentni kazuistiky.®

Z hlediska lécby je u lokalizovanych forem epiteloid-
niho hemangioendoteliomu, véetné vzacnych primarnich
srdecnich pfipadl, povazovana kompletni chirurgicka
resekce s negativnimi resek¢nimi okraji (R0) za kauzalni
l[écbu a je spojovdna s pfiznivéjsi prognézou.*®’ Napro-
ti tomu u diseminovaného onemocnéni neexistuje stan-
dardni kurativni lécba a terapeutické moznosti jsou ome-
zené. Systémova |é¢ba ma prevazné paliativni charakter
a zahrnuje zejména antracyklinové rezimy (napf. doxoru-
bicin), taxany, interferon ¢i antiangiogenni [écbu, pficemz
efekt téchto postupu je variabilni a ¢asto omezeny.58

Prezentovany pfipad dokumentuje mimoradné vzac-
nou situaci, kdy je srdecni postiZzeni soucasti rozsahlého
diseminovaného epiteloidniho hemangioendoteliomu.
Kazuistika poukazuje na nutnost zvazovat maligni etiolo-
gii i u zdanlivé typickych intrakardidlnich utvard, zejména
pokud je pfitomna systémovda manifestace onemocnéni.

Zaveéer

Diseminovany epiteloidni hemangioendoteliom je vzac-

nou, avsak klinicky zdvaznou pfi¢inou nadorového po-
stizeni srdce. Zobrazovaci metody v kombinaci s histo-

Obr. 5 - Pozitivni imunohistochemické vysetieni s protilatkou CAM-
TA1.

logickou verifikaci jsou klicové pro stanoveni spravné
diagndzy.? Na tuto jednotku je nutné myslet zejména
u mladsich pacientd s atypickym prdbéhem a znamkami
diseminace do dalsich organ.

Prohlaseni autorii o mozném stretu zajmu
Autofi prohlasuji, Ze nemaji Zadny stret zajmu.

Financovani
Zadné

Prohlaseni autorti o etickych aspektech publikace
Prace byla napsana v souladu s Helsinskou deklaraci.

Informovany souhlas

Nebylo tfeba zadat o informovany souhlas, protoze v této
kazuistice nebyly publikovany osobni udaje ani identifi-
kovatelné fotografie pacienta.

Literatura

1. Haa SY, Choi IH, Han J, et al. Pleural epithelioid
hemangioendothelioma harboring CAMTAT1 rearrangement.
Lung Cancer 2014;83:411-415.

2. Marsico S, et al. Multimodality imaging evaluation of
a primary cardiac epithelioid hemangioendothelioma. Acta
Cardiol 2021;77:557-559.

3. Weiss SW, Ishak KG, Dail DH, et al. Epithelioid
hemangioendothelioma and related lesions. Semin Diagn
Pathol 1986;3:259-287.

4. Sugimoto T, Yamamoto K, Yoshi A. Primary epithelioid
hemangioendothelioma of the right atrium: report of a case
and literature review. Open J Thorac Surg 2013;3:63-67.

5. Cottini M, Lappa A, Donfrancesco S. Primary cardiac
hemangioendothelioma in the adult and cardiac involvement
in patient with non-cardiac hemangioendothelioma. Cancer
Stud Ther J 2017;2:1-6.

6. Stacchiotti S, Miah AB, Frezza AM, et al. Epithelioid
hemangioendothelioma, an ultra-rare cancer: a consensus
paper from the community of experts. ESMO Open
2021;6:100170.

7. Arafas, Sanad M. Primary cardiac epithelioid hemangioendothe-
lioma of mitral valve. Egypt Heart J 2018;70:229-232.

8. Frezza AM, Stacchiotti S, Gronchi A, et al. Systemic treatments
in epithelioid hemangioendothelioma: a retrospective
international case series. Cancer Med 2021;10:2645-2659.

9. Kimura H, Yamamoto N, Hayashi K, et al. Multifocal
epithelioid hemangioendothelioma complicated with
disseminated intravascular coagulation. Case Rep Oncol
2021;14:1490-1496.



:N Aktualni sdéleni

513

Memorandum o vzajemné spolupraci

Memorandum o vzajemné spolupraci mezi

1. Ceskou spoleénosti soudniho lékafstvi a soudni toxikologie Ceské lékaFské spoleénosti Jana Evangelisty Purkyné
Zastoupenou: prof. MUDr. Petrem Hejnou, Ph.D., MBA, pfedsedou vyboru CSSLaST CLS JEP
Se sidlem: Sokolska 490/31, 120 00 Praha 2

2. Spoleénosti lékafské genetiky a genomiky Ceské lékaFské spoleénosti Jana Evangelisty Purkyné
Zastoupenou: prof. MUDr. Milanem Mackem, jr., DrSc., MHA, pfedsedou vyboru SLG CLS JEP
Se sidlem: Sokolska 490/31, 120 00 Praha 2

3. Ceskou kardiologickou spoleénosti, z.s.
Zastoupenou: prof. MUDr. Petrem Ostadalem, Ph.D., FESC, pfedsedou CKS
Se sidlem: Netroufalky 6b, 625 00 Brno

4. Ceskou asociaci preventivni kardiologie Ceské kardiologické spoleénosti, z.s.
Zastoupenou: prof. MUDr. Milosem T&borskym, CSc., FESC, FACC, MBA, pfedsedou CAPK
Se sidlem: Netroufalky 6b, 625 00 Brno

(spole¢né dale jen ,smluvni strany Memoranda”)
uzavreli nize uvedeného dne, mésice a roku Memorandum o vzajemné spolupraci (dale jen ,Memorandum®)

l.
Preambule:

Smluvni strany podpisem tohoto Memoranda deklaruji
spolecny zdjem o vzajemnou spolupraci, a to predevsim
v oblasti diagnostiky kardiovaskularnich, geneticky pod-
minénych onemocnéni u pfipadl nahlé srdecni smrti,
v problematice kardiovaskularni prevence u pfimych pfi-
buznych osob zemfelych nahlou srdec¢ni smrti z kardiovas-
kularnich pficin, vzdélavani odborné a laické verejnosti
a v dalsich segmentech, s cilem dosdhnout optimalni do-
stupnosti specializovanych genetickych vysetfeni v indi-
kovanych pfipadech jak pro post mortem vysetfeni, tak
pro Zijici pacienty, zajisténi metodiky vzajemného preda-
vani pacientd véetné definice standardu reference a pod-
pory viech odbornosti. Cilem je dlouhodoba kultivovana
odborna spoluprace vsech zainteresovanych odbornosti
ve prospéch pacientd.

Il

Obecné principy spoluprace zalozené na datech EBM:
1. Dédi¢na kardiovaskularni onemocnéni (dédi¢né kar-

diomyopatie, dédi¢né arytmické syndromy, dédicné

aortalni syndromy casto spojené s disekci aorty i

chlopennimi vadami typu bikuspidalni aortalni chloperi

nebo prolaps mitrdlni chlopné) jsou spojena s rizikem

ndhlé srde¢ni smrti u jedincd do 50 let véku.

2. Nahla srdecni smrt je ¢asto prvnim a poslednim ptizna-

kem onemocnéni a zcela zasadni roli v jejim rozpozna-
ni hraje pitva a rozvaha pitvajiciho Iékare. Pfipady jsou
ve vétsiné pripadud pitvany v rezimu zdravotni ¢i soudni
pitvy na pracovistich soudniho lékafstvi, v pfipadé delsi
dobu trvajiciho prezivani po kardiopulmonalni resusci-
taci pak obvykle na pracovistich patologie.

Adresa pro korespondenci: Prof. MUDr. Milos Taborsky, CSc., FESC, FACC, MBA, Kardiologie Prof. Taborsky s.r.o., Bieblova, 1047/6, 150 00 Praha 5,

Ceska republika, e-mail: milos.taborsky@seznam.cz
DOI: 10.33678/c0r.2026.078

Tento ¢lanek prosim citujte takto: Hejna P, Macek jr. M, Ostadal P, Taborsky M. Memorandum o vzajemné spolupréci. Cor Vasa 2026;68:513-515.
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1.

Logistika zachytu pfipadu na soudnim lékafstvi s indikaci

genetického vysetreni:

1. U pfipadd nahlé srde¢ni smrti s podezfenim na dédic-
né kardiovaskularni onemocnéni je nezbytné standar-
dizované provedeni pitvy ndhle zemfelé osoby, vcetné
spektra doplnujicich laboratornich vysetfeni. PFi pitvé
jsou v téchto pripadech odebirany nativni vzorky tkani
(obvykle myokard a/nebo slezina) k pfipadnému post
mortem genetickému vysetreni.

. Doporuceni ke genetickému vysetieni vyslovuje pitvajici
lékaF, pokud stanovil diagnézu ¢i ma podezieni na dé-
di¢né kardiovaskularni onemocnéni.

.V pfipadé jasné deklarovaného aktivniho zajmu pfi-
mych pribuznych o zjisténi pfi¢iny smrti je povinnosti
soudniho lékare rodinu zemielého informovat o povaze
onemocnéni, vyzadat si pisemny souhlas s post mortem
genetickou analyzou u jejich zemrelého pfibuzného
a nabidnout jim ve formé predani informaci moznost
preventivniho kardiologického vysetfeni.

. Vlastni indikace ke genetickému vysetfeni musi byt kon-
zultovana a potvrzena lékarskym genetikem, ktery od-
povida za adekvatni interpretaci vysledkl vysetreni.

. Zachyt pfipadu ndhlé srdecni smrti s podezienim na
dédi¢né kardiovaskuldrni onemocnéni na soudnélékar-
ském pracovisti by mél byt dale konzultovan se spolu-
pracujicim kardiologem, ktery indikuje pfipadna pre-
ventivni kardiologickd vysetfeni pfimych pribuznych
v pfipadé jejich zajmu.

. Spolupracujici 1ékarsky genetik i kardiolog by méli byt
plné informovani o zjisténych pitevnich nalezech, v¢.
laboratornich vysetfeni (zejména histologie). Pitvajici
Iékar by mél byt zpétné informovan o vysledcich post
mortem genetického vysetreni.

. Indikaci pfipadu k post mortem genetické analyze ché-
peme jako mezioborové komplexni vySetfeni zamérené
predevsim na prevenci u Zijicich pfimych pfibuznych.

. Prosazujeme koncepci multidisciplindrniho tymu. Péce
o pacienty a jejich pfibuzné s dédi¢nym kardiovaskular-
nim onemocnénim predpoklada uzkou multidisciplinar-
ni spolupraci détskych i dospélych kardiologU/arytmo-
logU/kardiochirurgll s Iékafskymi a molekularnimi
genetiky, patology, soudnimi |ékafi a Iékafi intenzivni
mediciny ¢i akutni kardiologie, neurology, praktickymi
lékari a psychology aj.

IV.
Logistika genetické péce v kardiologii:

. Doporuceni ke genetickému vysetieni stanovi u zemfre-
lych pitvajici soudni [ékar.

. Pitvajici 1ékar zachova tkan vhodnou k molekuldrnége-
netickému testovani.

. Pitvajici 1ékar kontaktuje pozustalé (je-li to mozné)
kardiologického a genetického vysetfeni (maji-li o tuto
informaci zadjem). Soucasné informuje i spadové mezi-
oborové centrum ¢&i centralniho koordinatora posmrt-
né péce (scd@ikem.cz) o zachytu pripadu nahlé srde¢ni
smrti.

. Vlastni indikace ke genetickému vysetfeni musi byt po-
tvrzena a vedena lékafskym genetikem, ktery odpovi-
dd za adekvatni interpretaci vysledkl vysetieni. V bu-

doucnosti se subjekty tohoto memoranda budou snazit
o zjednoduseni tohoto schématu u nékterych klinicky
jasnych diagnéz.

5. Prosazujeme koncepci multidisciplinarniho tymu. Péce

o pacienty a jejich pfibuzné s dédicnym kardiovaskularnim
onemocnénim predpoklada uzkou multidisciplinarni spo-
lupraci détskych i dospélych kardiologl/arytmologl/kar-
diochirurgt s lékarskymi a molekuldrnimi genetiky, pato-
logy, soudnimi lékafi a |ékafi intenzivni mediciny ¢i akutni
kardiologie, neurology, praktickymi lékafi a psychology aj.

V.
Principy spoluprace subjektt v rozsifeni povédomi
a dostupnosti kardiogenetického vysetieni:

1. Odborné spole¢nosti se dohodly, Ze primarnim cilem je

dlouhodoba spoluprace zajistujici kontinuitu, rozsireni
povédomi a dostupnosti genetického vysetreni v 1é¢bé
pacientd s dédicnym kardiovaskuldrnim onemocnénim
s rizikem nahlého umrti.

2. Cilem spole¢nych aktivit je predevsim zajisténi regiondlni

dostupnosti genetickych vysetfeni pro indikované pacien-
ty, véetné post mortem vysetieni. Prosazujeme spolecné
koncepci genetického poradenstvi, které by mélo byt do-
stupné v kazdém kardiovaskularnim centru dle Véstniku
MZCR KV centra (https:/mzd.gov.cz/wp-content/uplo-
ads/2026/04/Seznam-KCdo-KCde-KKCdo-KKCdo-HTx-a-
-KKCde-HTx-duben-2026-v.-1.0.pdf). Tato skutecnost je
i soucasti Narodniho kardiovaskularniho planu (https:/
mzd.gov.cz/narodni-kardiovaskularni-plan-cr-na-obdo-
bi-2025-2035/).

3. Vytvofime mapu specializovanych kardiologickych pra-

covist, kterad spolupracuji v rdmci multidisciplinarnich
tymu s lékarskym genetikem a akreditovanou moleku-
larnégenetickou laboratofi. Tato mapa bude zverejné-
na transparentné na webu Narodniho zdravotnického
informacniho portalu (NZIP) a také bude dostupna na
webovych strankach odbornych spolecnosti a socialnich
sitich s cilem informovanosti jak Iékarl, tak pacientd.
Tato sit bude pribézné aktualizovdna na zékladé doho-
dy odbornych spolec¢nosti.

4. Aktivné spolupracujeme s pacientskymi organizacemi,

dominantné s Ceskou alianci kardiovaskularnich one-
mocnéni, z.s. (CAKO), a se zainteresovanymi pacientsky-
mi organizacemi sdruzenymi v Ceské asociaci pro vzac-
na onemocnéni (CAVO).

5. Budeme vytvaret spole¢na odborna stanoviska a pub-

likovat je jako mezioborové dokumenty o spolupraci.
Budeme spolupracovat se zainteresovanymi Evropskymi
referencnimi sitémi pro vzacna onemocnéni dle Véstni-
ku 1/2022. Prabézné budou dle novych poznatkl a stu-
dii tyto dokumenty aktualizovany.

VL.
Zakladni odborné dokumenty spolupracujicich subjekta:

e Zeman M, Pohlova Kucerova S, et al. Standardni ope-

racni a diagnosticky postup na soudnélékarskych pra-
covistich v pripadech nahlé srde¢ni smrti (NSS) u jedin-
cl do 40 let véku. Soud lek 2023;68:2-10.

e Pohlova Kucerova S, Krebsova A, et al. Vystupy mul-

ticentrické studie pfi¢in nahlé srdec¢ni smrti (SCD)
v Ceské republice a primarni prevence srde¢ni zastavy
u pfibuznych. Soud lek. 2022;67:10-24.
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Krebsova A, Kutilkova E, Kubanek M, et al. Genetické
vysetfeni v kardiologii: Aktualizované souhrnné vyja-
dfeni a doporuceni odbornikl pracovni skupiny kar-
diogenetiky p¥i CAPK/CKS, SLG a CSSL a ST pri CLS JEP.
Cor Vasa 2025;67:511-534.

Krebsova A, Kutilkova E, Zoubkova V, et al. Genetic-
ké vysetfeni v kardiologii: Souhrnné vyjadfeni a do-
poruceni odbornikl Pracovni skupiny kardioge netiky
pii CAPK/CKS, SLG a CSSL a ST pfi CLS JEP. Cor Vasa
2023;65:798-805

Votypka P, Krebsovad A, Norambuena-Poustkova P, et
al. Post-mortem genetic testing in sudden cardiac de-

Nordestgaard BG, Chapman MJ, Humphries SE, et al.
Familial hypercholesterolaemia is underdiagnosed
and undertreated in the general population: guidan-
ce for clinicians to prevent coronary heart disease:
consensus statement of the European Atherosclerosis
Society. Eur Heart J 2013;34:3478a-3490a.

Adler A, Novelli V, Amin AS, et al. An International,
multicentered, Evidence-based reappraisal of Genes
reported to Cause Congenital long QT Syndrome. Cir-
culation 2020;141:418-428.

VI

ath and genetic screening of relatives at risk: lessons Zavérecna ustanoveni:
learned from a Czech pilot multidisciplinary study. Int 1. Smluvni strany Memoranda vyjadfuji svou vili vzajemné
J Legal Med. 2023 Nov;137(6):1787-1801. spolupracovat v oblasti vymezené timto Memorandem

e Wilde AAM, Semsarian C, Marquez MF, et al. European zpusobem uvedenym v ¢l. |- V.

Heart Rhythm Association (EHRA)/Heart Rhythm Soci- 2. Memorandum je projevem skutecné, svobodné a vazné
ety (HRS/Asia Pacific Heart Rhythm Society (APHRS)/ vule smluvnich stran Memoranda.

Latin American Heart Rhythm Society (LAHRS) Expert 3. Memorandum je vyhotoveno ve tfech stejnopisech,
Consensus Statement on the State of Genetic Testing z nichz kazda smluvni strana Memoranda obdrzi po
for Cardiac Diseases. Heart Rhythm 2022;19:e1-e60. jednom stejnopise.

e Zeppenfeld k, Tfelt-Hansen J, de Riva M, et al. 2022 4. Memorandum nabyva platnosti a ti¢innosti dnem podpi-
ESC Guidelines for the management of patients with su vsemi smluvnimi stranami Memoranda.
ventricular arrhythmias and the prevention of sudden
cardiac death. Eur Heart J 2022;43:3997-4126.

e Verhagen JMA, Kempers M, Cozijnsen |, et al. Expert
consensus recommendations on the cardiogenetic
care for patients with thoracic aortic disease and their
first-degree relatives. Int J Cardiol 2018;258:243- 248.

e Stiles MK, Wilde AAM, Abrams DJ, et al. 2020 APHRS/
HRS expert consensus statement on the investigation
of decedents with sudden unexplained death and pa-
tients with sudden cardiac arrest, and of their fami-
lies. Heart Rhythm 2021;18:e1-e50.

e Escobar-Lopez I, Ochoa JP, Royuela A, et al. Clinical
risk Score to Predict Pathogenic Genotypes in Pa-
tients With Dilated Cardiomyopathy. J Am Coll Car-
diol 2022;80:1115-1126.

V Praze dne 30. 6. 2026

Prof. MUDr. Petr Hejna, Ph.D., MBA
Ceska spole¢nost soudniho lékafstvi a soudni toxikologie
CLS JEP

Prof. MUDr. Milan Macek jr., DrSc, MHA
Spole¢nost Iékafské genetiky a genomiky CLS JEP

Prof. MUDr. Petr Ostadal, Ph.D., FESC
Ceska kardiologicka spoleénost, z.s.

Prof. MUDr. Milos Taborsky, CSc., FESC, FACC, MBA
Ceska asociace preventivni kardiologie Ceské
kardiologické spolec¢nosti, z.s.
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