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Casopis Ceské kardiologické spole¢nosti a Ceské spole¢nosti kardiovasku-
larni chirurgie Cor et Vasa vychazi Sestkrat ro¢né a pokryva vsechny aspek-
ty kardiologie, angiologie, kardiovaskularni chirurgie, kardiovaskularniho
zobrazovani, pediatrické kardiologie, hypertenze, kardiovaskuldrni pre-
vence a nékteré z aspektd intervencni radiologie.

Obsahuje Uvodniky, plvodni sdéleni, prehledové 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 ceskymi odborniky. Od roku 2025
Casopis Cor et Vasa nepfijima kazuistiky. Pokud byste méli zajem, muzete
své kazuistiky zaslat do sesterského casopisu Cor et Vasa Case Reports, ktery
najdete na adrese https://www.kardio-cz.cz/coretvasa-case-reports/.

Priloha Cor et Vasa Kardio pfinasi recenze knih, abstrakta z vybranych
kongresU, zpravy z kongrest a konferenci, voleb a diskusi, polemiky, ko-
mentafe, informace z Ceské kardiologické spole¢nosti, Ceské spole¢nosti
kardiovaskularni chirurgie a Evropské kardiologické spolecnosti i aktualni
mezinarodni zpravy a témata.
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nosti Thomson and Reuters, Web of Science a Journal Citation Reports —
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adresu vedouciho redaktora nebo odpovédné redaktorky.

Tento casopis je publikovan v rezimu tzv. otevieného pfistupu k védeckym
informacim (open access) a je distribuovan pod licenci Creative Commons
Attribution 4.0 International License (CC BY-NC 4.0), jez umoziuje
nekomer¢ni distribuci, reprodukci a zmény, pokud je pavodni dilo radné
ocitovano. Neni povolena distribuce, reprodukce nebo zména, kterd neni
v souladu s podminkami této licence.
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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.
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Ciel: Abdominalna aortdlna aneuryzma (AAA) je chronické cievne ochorenie spojené so zépalom a oxidac-
nym stresom. Selén je esencidlny stopovy prvok zapojeny do antioxidacnej obrany, avsak jeho vztah k AAA
u ludi zostava nejasny. Cielom tejto Studie bolo zhodnotit asociaciu medzi sérovymi koncentraciami selénu
a pritomnostou abdominalnej aortalnej aneuryzmy.
Metody: Bola realizovana pripadovo-kontrolnd Studia zahffajuca pacientov s AAA a vekovo a pohlavne
parované kontrolné osoby bez aneuryzmatického ochorenia. Sérové koncentracie selénu boli merané stan-
dardizovanymi laboratérnymi metédami. Boli zaznamenané klinické charakteristiky a kardiovaskularne ri-
zikové faktory. Na posudenie asocidcie medzi sérovou hladinou selénu a pritomnostou AAA bola pouZita
multivariacnd logisticka regresna analyza.
Vysledky: Pacienti s AAA mali signifikantne vyssie sérové koncentracie selénu v porovnani s kontrolnou sku-
pinou (p = 0,0009). Po korekcii na vybrané kardiovaskularne rizikové faktory zostali zvysené hladiny selénu
nezdvisle asociované s pritomnostou AAA (pomer Sanci 1,42; p = 0,04). Nebola pozorovana signifikantna
asocidcia medzi sérovymi koncentraciami selénu a priemerom aneuryzmy.
Zaver: V tejto kohorte boli vyssie sérové koncentracie selénu asociované s pritomnostou abdominalnej aor-
talnej aneuryzmy. Klinicky vyznam tohto nalezu zostdva neisty a moze odrazat zmeneny metabolizmus
stopovych prvkov alebo kompenza¢nu odpoved' na vaskularny oxidacny stres. Na objasnenie tlohy selénu
v patofyzioldgii AAA su potrebné dalsie prospektivne studie.

© 2026, CKS.

ABSTRACT

Objective: Abdominal aortic aneurysm (AAA) is a chronic vascular disease associated with inflammation and
oxidative stress. Selenium is an essential trace element involved in antioxidant defense, but its relationship
with AAA in humans remains unclear. The aim of this study was to evaluate the association between serum
selenium concentrations and the presence of abdominal aortic aneurysm.

Methods: A case-control study was performed including patients with abdominal aortic aneurysm and age-
and sex-matched control subjects without aneurysmal disease. Serum selenium concentrations were measu-
red using standardized laboratory methods. Clinical characteristics and cardiovascular risk factors were re-
corded. Multivariable logistic regression analysis was used to assess the association between serum selenium
levels and the presence of AAA.

Results: Patients with abdominal aortic aneurysm had significantly higher serum selenium concentrations
compared with control subjects (p = 0.0009). After adjustment for selected cardiovascular risk factors, ele-
vated serum selenium levels remained independently associated with the presence of AAA (odds ratio 1.42,
p = 0.04). No significant association between serum selenium concentrations and aneurysm diameter was
observed.

Conclusion: In this cohort, higher serum selenium concentrations were associated with the presence of abdo-
minal aortic aneurysm. The clinical relevance of this finding remains uncertain and may reflect altered trace
element metabolism or a compensatory response to vascular oxidative stress. Further prospective studies are
needed to clarify the role of selenium in AAA pathophysiology.

Address: MUDr. Simon Smoter, Department of Vascular Surgery, University Hospital Bratislava, Faculty of Medicine, Comenius University in Bratislava, Bratislava,
Slovakia, e-mail: simonsmoter@gmail.com, smoter1@pe.unb.sk

DOI: 10.33678/cor.2026.005

Please cite this article as: Smoter S, Brazinova A, Cepcové K, et al. Serum Selenium Levels in Patients with Abdominal Aortic Aneurysm: A Case-Control Study and Implications for

Pathophysiology. Cor Vasa 2026;68:254-258.
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Introduction

The term aneurysm derives from the Greek word mean-
ing dilation. Abdominal aortic aneurysm (AAA) is defined
as a progressive dilatation of the abdominal aorta, most
commonly affecting the infrarenal segment, and is associ-
ated with substantial morbidity and mortality due to the
risk of rupture. Multiple definitions exist depending on
arterial or venous location; however, within the infra-
renal aorta, a diameter of 30 mm is generally accepted
in Europe as the diagnostic threshold for both men and
women."? The major established risk factors for the de-
velopment of AAA include smoking, age over 65 years,
male sex, family history and genetic predisposition, car-
diovascular comorbidities, and body metrics.>=> The global
prevalence of abdominal aortic aneurysm increases mark-
edly with age. Over the past two decades, both the preva-
lence and incidence of AAA have declined. These trends
indicate that although the burden of AAA remains con-
centrated in older populations, overall global prevalence
has shown a modest decrease in recent years.® According
to epidemiological modelling data, in 1990 the preva-
lence of AAA ranged from 8.43 per 100,000 individuals
aged 40-44 years to 2,422.53 per 100,000 among those
aged 75-79 years. By 2010, a slight decline was observed
across all age groups, with prevalence ranging from 7.88
per 100,000 in individuals aged 40-44 years to 2,274.82
per 100,000 in those aged 75-79 years.” Factors contrib-
uting to this decline include decreasing smoking rates,
improved management of arterial hypertension, wide-
spread use of antiplatelet therapy, broader statin uptake,
and improved access to diagnostic imaging.® The most se-
rious complication of AAA is rupture, resulting in massive
internal bleeding into the retroperitoneal or peritoneal
cavity, sudden hypotension, and hemorrhagic shock. Rup-
tured AAA carries an extremely high mortality rate, with
an estimated global number of 150,000-200,000 deaths
annually.® Screening programs are recommended prima-
rily for high-risk populations.'™ Surveillance of diagnosed
aneurysms is typically performed using ultrasonography,
with recommended follow-up intervals of every 5 years
for diameters of 25-29 mm, every 3 years for 30-39 mm,
annually for 40-49 mm, and every 6 months for aneu-
rysms measuring =50 mm.'® Despite well-established risk
factors such as smoking, advanced age, and hypertension,
the underlying pathophysiology of AAA remains incom-
pletely understood. Increasing evidence suggests that
oxidative stress, chronic inflammation, and extracellular
matrix degradation play central roles in aneurysm forma-
tion and progression.""'* To date, no serum biomarker is
recommended for routine screening or surveillance. In
this context, attention has recently focused on the role
of micronutrients, particularly selenium, due to its essen-
tial function in antioxidant defense, redox homeostasis,
and vascular integrity.'*'> Experimental studies in animal
models suggest that selenium may represent a potential
diagnostic, therapeutic, and follow-up marker in patients
with AAA."® The present study investigates whether se-
rum selenium concentrations are associated with AAA
diameter, with the aim of evaluating its potential role as
a biomarker in clinical practice.

Materials and methods

Study design
A case-control study was conducted. A total of 40 partici-
pants were included.

The case group consisted of 20 patients with abdomi-
nal aortic aneurysm (AAA), while the control group com-
prised 20 age-matched individuals without AAA.

Inclusion and exclusion criteria

Participants were eligible for inclusion if they were aged
50 years or older, regardless of sex. Patients in the case
group were required to have an infrarenal abdominal
aortic aneurysm confirmed by computed tomography
angiography (CTA) and documented by a board-certi-
fied radiologist. Only aneurysms with a minimum outer-
to-outer diameter of =35 mm, measured on 1-cm axial
slices, were included. The control group consisted of in-
dividuals with no history or imaging evidence of aneu-
rysmal disease, including abdominal, thoracic, popliteal,
or visceral aneurysms. Participants in both groups were
excluded if they had a history of arteritis or systemic vas-
culitis, connective tissue disorders such as Marfan syn-
drome or Ehlers-Danlos syndrome, or if they followed
specific dietary regimens that could influence trace el-
ement status. Individuals receiving either long-term or
short-term supplementation with selected micronutri-
ents, including selenium or zinc, were also excluded. To
minimize potential genetic bias, individuals with a posi-
tive family history of aneurysmal disease in first-degree
relatives were not included in the control group. Pa-
tients presenting with acute aneurysm rupture were not
enrolled in the study.

Recruitment of participants

Recruitment and blood sample collection for both groups
were carried out at the University Hospital Bratislava, Slo-
vakia, between January 2025 and August 2025. All par-
ticipants were managed and followed in the outpatient
clinics of the University Hospital Bratislava.

Sample collection and processing

Venous blood samples were collected from all partici-
pants in a fasting state using Vacuette® serum tubes
(Greiner Bio-One, Austria), coated with micronized
silica particles to activate coagulation. Samples were
transported under standard laboratory conditions to
the central laboratory of Medirex a.s. (Bratislava, Slova-
kia) within 12 hours of collection, where pre-analytical
processing was performed. Following centrifugation,
serum samples were stored and subsequently trans-
ported to the Spadia laboratory (Czech Republic) for
trace element analysis. Serum selenium concentrations
were quantified using inductively coupled plasma mass
spectrometry (ICP-MS), with a minimum required sample
volume of 120 pL. Analytical results were provided to
the investigators under anonymized identification codes
and expressed in pmol/L. The reference interval for se-
rum selenium concentrations established by the Spadia
laboratory was 0.75-1.86 pmol/L.
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Clinical data collection

For both cases and controls, data on age, sex, body mass
index (BMI), presence of peripheral arterial disease, arte-
rial hypertension, and heart failure were collected.

Statistical analysis

Continuous variables were assessed for normality using
the Shapiro-Wilk test. As serum selenium concentrations
and aneurysm diameters were not normally distributed,
data are presented as median values with interquartile
ranges (IQR). Differences between the AAA and control
groups were analyzed using the Mann-Whitney U test
for continuous variables. Categorical variables were com-
pared using the chi-square test or Fisher’s exact test, as
appropriate. Correlations between serum selenium levels
and continuous variables, including aneurysm diameter
and age, were evaluated using Pearson’s correlation co-
efficient. *between serum selenium concentration and
the presence of AAA, adjusting for potential confounders
including age, sex, and BMI. All statistical analyses were
conducted using SPSS software (version 29.0; IBM Corp.,
Armonk, NY, USA). A two-sided p value < 0.05 was consid-
ered statistically significant.

Ethical considerations
All participants provided written informed consent pri-
or to enrolment, and signed consent forms are securely
archived at the University Hospital Bratislava. The study
protocol was approved by the Ethics Committee of St.
Cyril and Methodius Hospital, University Hospital Bratisla-
va, and conducted in accordance with the principles of
the Declaration of Helsinki.

The study was performed in accordance with the
approved study protocol (ClinicalTrials.gov identifier:
NCT07236281).

Results

A total of 40 participants were included, comprising 20 pa-
tients with abdominal aortic aneurysm (AAA) and 20 age-
-matched control subjects without AAA. Baseline demo-
graphic and clinical characteristics of the study population
are summarized in Table 1. The median age was 74.0 years

Table 1 - Baseline characteristics of the study population

Variable AAA Controls
(n = 20) (n =20)
Age, years (median [IQR]) [77Z‘i?0—77.5] [7616-?0—75.01
Male sex, n (%) 14 (70%) 8 (40%)
il L el () [2297'95—30.0] [2243.?0—28.0]
Diabetes mellitus, n (%) 4 (20%) 14 (70%)
Peripheral arterial disease, n (%) 5 (25%) 18 (90%)
Arterial hypertension, n (%) 18 (90%) 20 (100%)
Heart failure, n (%) 5 (25%) 7 (35%)
Serum selenium, pmol/L 1.00 0.70
(median [IQR]) [0.90-1.10] [0.60-0.80]

(interquartile range [IQR] 71.0-77.5) in the AAA group and
71.0 years (IQR 66.0-75.0) in the control group. Men ac-
counted for 70% of patients with AAA and 40% of con-
trol subjects. Median body mass index (BMI) was 29.0 kg/
m2 (IQR 27.5-30.0) in the AAA group and 24.5 kg/m2 (IQR
23.0-28.0) in controls. The prevalence of diabetes mellitus
was 20% in the AAA group and 70% in controls, periph-
eral arterial disease was present in 25% and 90%, arterial
hypertension in 90% and 100%, and heart failure in 25%
and 35% of patients with AAA and controls, respectively.

Serum selenium concentrations were higher in
AAA compared with controls (median [IQR]: 1.00 [0.90-
1.10] pmol/L vs. 0.70 [0.60-0.80] pmol/L; p = 0.0009,
Mann-Whitney U) (Fig. 1). Values below the laboratory
reference range (0.75-1.86 pmol/L) were observed in 1/20
(5%) of AAA patients versus 12/20 (60%) of controls.

Within the AAA cohort, the median aneurysm diam-
eter was 42 mm (IQR 39-51). A weak, non-significant
inverse correlation was observed between aneurysm di-
ameter and serum selenium concentration (Pearson r =
-0.24; p = 0.317) (Fig. 2).
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Fig. 1 — Serum selenium concentrations in patients with AAA and
age-matched controls. Box-and-whisker plots represent the me-
dian, interquartile range, and range of serum selenium levels in
each group. Patients with AAA exhibited significantly higher serum
selenium concentrations compared with controls (p = 0.003, Mann-
Whitney U test).
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Fig. 2 — Scatter plot showing the correlation between AAA dia-
meter and serum selenium concentration. Each point represents an
individual patient with AAA. The dashed red line indicates the li-
near regression fit. A weak, non-significant inverse correlation was
observed (r =-0.24, p = 0.317).
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Selenium was also not significantly associated with age
(Pearson r = —=0.21; p = 0.24). In multivariable logistic re-
gression adjusted for age, sex, and BMI (selenium scaled
per 0.1 pmol/L; age per 10 years), each 0.1 pmol/L increase
in serum selenium was associated with higher odds of
AAA (OR 1.42, 95% Cl 1.02-1.98, p = 0.04). Age, sex, and
BMI were not independent predictors (p = 0.13, 0.15, and
0.15, respectively).

Discussion

In this case-control study, we explored the association
between serum selenium concentrations and abdominal
aortic aneurysm (AAA), as well as aneurysm diameter,
with the aim of evaluating selenium as a potential bio-
marker in clinical research settings. The study was mo-
tivated by experimental evidence suggesting that sele-
nium deficiency may contribute to aneurysm formation
through impaired selenoprotein synthesis and reduced
antioxidant protection. In animal models, selenium de-
pletion has been shown to induce excessive oxidative
stress and structural weakening of the aortic wall, ul-
timately promoting aneurysm development.’> However,
translation of these experimental findings to human dis-
ease remains challenging. If confirmed in human popu-
lations, selenium-related mechanisms could have poten-
tial clinical relevance, as selenium status is relatively easy
to assess and potentially modifiable through dietary or
pharmacological interventions. Several previous studies
have reported lower serum selenium concentrations in
patients with aortic aneurysms compared with healthy
controls, suggesting a possible association between se-
lenium deficiency and AAA risk.”>'® In contrast to this
hypothesis, our results demonstrated significantly high-
er serum selenium concentrations in patients with AAA
compared with control participants. No association be-
tween serum selenium levels and aneurysm diameter
was observed. Similar inconsistencies in selenium-relat-
ed findings have been reported in the literature, indicat-
ing that the relationship between selenium status and
AAA may be more complex than initially presumed. Sev-
eral explanations may account for these observations.
First, selenium metabolism in humans differs substan-
tially from that in experimental animal models, where
controlled diets and induced aneurysms do not fully
replicate the multifactorial and heterogeneous nature
of human disease. Second, serum selenium concentra-
tions may not accurately reflect intracellular selenium
availability or selenoprotein activity, which represent
the biologically active forms responsible for antioxidant
defense.'®'” Furthermore, chronic inflammation and oxi-
dative stress associated with AAA could influence seleni-
um redistribution or selenoprotein turnover, potentially
resulting in paradoxically elevated serum levels. Dietary
habits, medication use, or unrecognized supplementa-
tion may also contribute to interindividual variability
in selenium concentrations and obscure subtle associa-
tions.” These proposed mechanisms remain speculative
and require further experimental and clinical validation.
The present findings should be interpreted within the
context of existing human studies investigating sele-

nium and cardiovascular disease. While some investiga-
tions have identified lower selenium levels in patients
with atherosclerosis and other cardiovascular condi-
tions, others have reported no association or even el-
evated selenium concentrations in affected individuals.
These discrepancies may reflect differences in study pop-
ulations, regional selenium availability, analytical meth-
odologies, and the timing of sample collection relative
to disease progression.'® Moreover, accumulating evi-
dence suggests that both selenium deficiency and excess
may exert adverse cardiovascular effects, supporting
the concept of a U-shaped relationship that complicates
linear interpretations. Only a limited number of studies
have examined selenium specifically in relation to AAA,
and the present study contributes additional human
data complementary to experimental research. Several
methodological limitations warrant consideration. The
case-control design precludes causal inference, and the
relatively small sample size may limit statistical power
to detect modest associations. Selenium concentrations
were measured at a single time point and may not re-
flect long-term exposure or temporal changes. In ad-
dition, specific selenoproteins such as glutathione per-
oxidase or selenoprotein P were not assessed, although
they may better represent selenium’s functional activity.
Nevertheless, the use of standardized laboratory meth-
ods and a well-characterized clinical cohort strengthens
the internal validity of the findings.

The clinical implications of this study underscore the
complexity of trace element involvement in vascular pa-
thology. While our results do not support selenium defi-
ciency as a risk factor for AAA, they suggest that selenium
may act as a modulatory factor within oxidative and in-
flammatory pathways rather than as a direct determinant
of disease presence or severity. Future studies should em-
ploy longitudinal designs to assess whether selenium sta-
tus predicts aneurysm development or progression and
should incorporate mechanistic analyses of selenoprotein
activity, oxidative stress markers, and inflammatory path-
ways. An integrated approach considering multiple mi-
cronutrients may provide a more comprehensive under-
standing of redox balance in AAA pathophysiology.

Conclusion

In conclusion, this study did not confirm an association
between selenium deficiency and abdominal aortic an-
eurysm. Instead, higher serum selenium concentrations
were observed in patients with AAA, underscoring the
complexity of selenium metabolism in human vascular dis-
ease. No significant relationship between serum selenium
levels and aneurysm diameter was identified. Although
these findings do not support the immediate clinical use
of serum selenium measurement for AAA screening, risk
stratification, or surveillance, they do not exclude a po-
tential modulatory role of selenium in aneurysm-related
oxidative and inflammatory processes. Further large-
scale, longitudinal, and mechanistic investigations are re-
quired to clarify whether selenium-related pathways may
have diagnostic or therapeutic relevance in the manage-
ment of abdominal aortic aneurysm.
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Cil: Cilem této studie je vyhodnotit Ucinnost a bezpecnost 1940nm diodového laseru pro endovendzni lasero-
vou ablaci (EVLA) v porovnani s vinovymi délkami 1064 nm a 1470 nm. Studie validuje teoretické vyhody vy-
soké absorpce ve vodé u 1940 nm, konkrétné omezeni $ifeni tepla mimo zilni sténu, korelaci dlouhodobych
klinickych vysledk s kvantitativnimi daty z 3D numerického teplotniho modelovani.
Metody: Byl analyzovan prospektivni 15lety klinicky registr (2010-2025) zahrnujici 5 086 pacientd, rozdéle-
nych do sekvencnich kohort Iécenych lasery 1 064 nm (15 W), 1 470 nm (10 W) a 1 940 nm (8 W). Soubézné
byl vyvinut ¢asové zavisly 3D model koneénych diferenci fesici Pennesovu rovnici biologického pienosu tepla.
Model kvantifikoval kumulativni tepelnou zatéz perivendzni tkané a radialni teplotni profily pro kazdou
vinovou délku.
Vysledky: Numerické simulace prokdzaly, ze vinova délka 1 940 nm sniZuje tepelnou zatéz perivendézni tkané
vice nez 30nasobné oproti 1 064 nm a striktné omezuje teplo na cilovou zilu. Klinicky doséhl protokol 1 940
nm (8 W) miry uzavéru zily > 98 %, shodné s lasery o vy38im vykonu, aviak pfi poloviénim energetickém
nastaveni. To vedlo k minimalni pooperacni bolesti a nizké mife komplikaci; sekundarni kontroly byly nutné
pouze u 4,4 % pfiipadu.
Zaveér: Vinova délka 1 940 nm optimalizuje selektivni fototermolyzu maximalizaci absorpce tepla v Zilni sté-
né. To umoznuje efektivni ablaci pfi vyrazné nizsim vykonu, coZ zajistuje proceduralni Uspésnost pfi minima-
lizaci kolateralniho tepelného poskozeni a zvyseni komfortu pacienta.

© 2026, CKS.

ABSTRACT

Objective: This study evaluates the efficacy and safety of the 1940 nm diode laser for endovenous laser abla-
tion (EVLA) compared to 1064 nm and 1470 nm wavelengths. The objective was to validate the theoretical
benefits of high water absorption at 1940 nm, specifically the confinement of heat distribution within the vein
wall, by correlating long-term clinical outcomes with quantitative data from 3D numerical thermal modeling.
Methods: A prospective 15-year clinical registry (2010-2025) comprising 5,086 patients was analyzed, divided
into sequential cohorts treated with 1064 nm (15 W), 1470 nm (10 W), and 1940 nm (8 W) lasers. Concur-
rently, a time-dependent 3D finite difference model based on the Pennes bioheat equation was developed
to simulate heat distribution. The model quantified the cumulative thermal load on perivenous tissue and
radial temperature profiles for each wavelength.

Results: Numerical simulations demonstrated that the 1940 nm wavelength reduced the perivenous thermal
load by over 30-fold compared to 1064 nm, strictly confining heat to the target vein. Clinically, the 1940 nm
protocol (8 W) achieved a venous closure rate >98%; equivalent to higher-power wavelengths despite a 50%
reduction in power settings. This resulted in minimal postoperative pain and a low complication rate, with
secondary follow-up visits required in only 4.4% of cases.

Conclusion: The 1940 nm wavelength optimizes selective photothermolysis by maximizing heat absorption
within the vein wall. This allows for effective ablation at significantly lower power, ensuring procedural suc-
cess while minimizing collateral thermal injury and improving patient comfort.
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EVLA at 1940 nm: Modeling and Clinical Outcomes

Introduction

Endovenous laser ablation (EVLA) of the dysfunctional
saphenous vein is currently the most widely used endo-
venous thermal ablation technique for the treatment
of advanced varicose veins. With a high success rate
(90-98%) and a low incidence of complications and re-
currence, EVLA is considered an effective alternative to
standard surgical treatment.' However, EVLA introduc-
es a risk of collateral thermal injury to the surrounding
perivenous tissue, which can lead to postoperative pain,
ecchymoses and dermatitis. To mitigate these adverse
effects, the evolution of EVLA has focused on transition-
ing through various laser wavelengths (from 810 nm up
to 1940 nm).

Despite its widespread clinical adoption, the ex-
act mechanisms of laser-tissue interaction at different
wavelengths remain incompletely understood, and pro-
cedural parameters (e.g. wavelength, pullback speed,
and laser power) lack rigorous standardization.>¢ Con-
sequently, surgeons often rely on empirical settings
guided predominantly by fundamental principles of bio-
medical optics.

The key therapeutic principle of EVLA is selective
photothermolysis, where optical laser energy is ab-
sorbed by specific tissue chromophores (primarily he-
moglobin and water within the venous wall) and con-
verted into heat. The distribution of this thermal energy
within the vessel wall follows thermodynamic laws and
is described by the bioheat transfer equation, account-
ing for direct absorption, subsequent conductive heat
transfer, and tissue cooling via blood perfusion.” While
shorter wavelengths (e.g. 1064 nm) heat the vein wall
indirectly via heat transfer from a carbonized blood
coagulum, water-targeting wavelengths (1470 nm and
1940 nm) enable direct optical energy absorption with-
in the hydrated venous wall.®® This mechanism theo-
retically leads to more effective ablation at lower total
power settings.'

The aim of this study was to correlate robust, long-
term clinical outcomes with the theoretical advantages
of the 1940 nm diode laser. Characterized by a very high
level of absorption coefficient in water, the 1940 nm
wavelength theoretically confines heat generation to
a thin layer of the venous wall. We hypothesize that this
mechanism maximizes ablation efficiency, allowing for
a 50% reduction in applied laser power (to 8 W) while
significantly minimizing perivenous tissue temperature,
collateral damage, and postoperative pain. We validate
these clinical observations using a comprehensive 3D nu-
merical heat-transfer model.

Material and methods

Clinical study design

From January 2010 to December 2025, EVLA was perfor-
med on an ambulatory basis in a total of 5,086 consecutive
patients with incompetent truncal veins. Three types of
laser were used successively with the wavelengths of 1064
nm, 1470 nm and 1940 nm, respectively. EVLA was com-
bined with surgical puncture avulsion of visible varicose
veins in all patients. Patients were enrolled in a clinical
registry prospectively. An early postoperative follow-up
visit was scheduled, including a sonographic assessment
of venous closure. Additional visits were conducted only
in cases of complications.

In the final cohort of 2,358 patients, the Tethys 1940 nm
diode laser (GiGAA, China) was employed with an output
power reduced to 8 W. The protocol focused on smooth
postprocedural course, particularly in patients with multi-
segment involvement and truncal vein diameters exceeding
10 mm. In all patients, a bare-tip fiber (Corning, NY, USA)
with a 600 pm core and plastic coating (1.06 mm total diam-
eter) was used. The Seldinger technique was preferred for
catheterization due to its superior flexibility (Table 1).

In 2025, the operative technique was standardized
among all five participating surgeons, specifically omitting
saphenofemoral junction (SFJ) ligation for vein diameters
exceeding 10 mm. The procedure was optimized to treat
multiple segments bilaterally (e.g., GSV, SSV, AASV, and
perforators) using a single fiber. This resulted in an average
of 2.1 venous segments treated per patient. Furthermore,
to mitigate disease progression, preventive EVLA of the an-
terior accessory saphenous vein (AASV) was performed in
18% of cases. This comprehensive multi-segment approach
was facilitated by advanced ultrasound imaging utilizing
an augmented needle mode (Venue Fit, GE Healthcare).

Numerical modeling framework

A time-dependent 3D finite difference model was deve-
loped using MATLAB (MathWorks, Natick, MA, USA) to
simulate the endovenous laser ablation (EVLA) process.
The simulation domain represented a simplified venous
geometry comprising five distinct concentric zones: the
optical fiber core (d = 0.95 mm), residual blood lumen, ve-
ssel wall (subdivided into intima, media, and adventitia),
and the surrounding perivenous tissue (with tumescen-
ce). The simulation utilized a uniform Cartesian grid with
a spatial resolution of dx = 0.15 mm.

Optical model and bioheat transfer
Light propagation in the tissue was simulated using the
diffusion approximation of the radiative transport equa-

Table 1 - Laser generators used in the study

Period Wavelength Laser type

(nm)
2010-2016 1064 Nd:YAG (Fotona)
2017-2019 1470 DLInGaA (Velas2, Gigaa)
2020-2025 1940 DLAIGaln (Tethys, Gigaa)

Water absorption Power LEED Patients
coefficient (cm™1) (W) (J/cm) (n)

0.12 15W 150 1117
24.8 10w 100 1611
119.8 8W 50-80 2358
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tion for all investigated wavelengths (1064 nm, 1470 nm,
and 1940 nm). The fiber tip was modeled as a volumetric
isotropic source located within the fiber core. The photon
density distribution was solved iteratively in each time
step using a stabilized successive over-relaxation (SOR)
solver. The resulting volumetric heat source, Q. served
as input for the thermal model. The spatiotemporal tem-
perature distribution T(x,y,zt) was governed by the Pen-
nes bioheat equation:

oT _

PCPE— V (kv T)+Qlaser+Qp

where p, ¢, and k denote the tissue density, specific heat
capacity, and thermal conductivity, respectively. The term
Qp represents heat loss due to blood perfusion, which was
modeled dynamically; perfusion was set to zero in the fi-
ber, lumen, and in tissue regions where temperature ex-
ceeded the coagulation threshold.

Simulation protocol and analysis
The simulation replicated a continuous pullback procedu-
re. The laser source moved retrogradely along the Z-axis
at a constant velocity (vpu”), determined by the ratio of
power (P) to linear endovenous energy density (LEED).
Three sets of parameters were evaluated:

1. 1064 nm: p = 15 W, LEED = 150 J/cm

2.1470 nm: p = 10 W, LEED = 100 J/cm

3.1940 nm: p =8 W, LEED = 65 J/cm

To assess tissue damage, the cumulative thermal load
was quantified by integrating excess heat into voxels ex-
ceeding the necrosis threshold (>43 °C). Radial tempera-
ture profiles were extracted at the moment of laser ces-

Table 2 - Cumulative thermal load in perivenous tissue

Wavelength Thermal load (>43 °C) Normalized ratio
(nm) (°C-s-mm?3) =)

1064 341.0 32.4x

1470 65.7 6.2x

1940 10.5 1.0x

The values represent the time-integrated excess heat in tissue
voxels exceeding the necrosis threshold (>43 °C).

sation at two key locations: directly at the fiber tip and in
the distal thermal wake (Z = +2.25 mm).

Results

Clinical outcomes

The venous closure rate exceeded 98% across all three la-
ser cohorts, demonstrating comparable efficacy regardle-
ss of the wavelength used.'"'*'* However, in the cohort
treated with the 1940 nm diode laser, this procedural
success was achieved using exactly half the applied ener-
gy compared to previous groups. Specifically, a power
output of 8 W and a linear endovenous energy density
(LEED) of 50-80 J/cm were sufficient for effective abla-
tion.’2"> At these parameters, carbonization of the laser
fiber tip was entirely eliminated.

Clinically, the incidence of adverse effects was sig-
nificantly reduced; postoperative swelling and pain over
the treated vein were exceptionally rare and inherently
mild."™® Consequently, an early follow-up visit was suf-
ficient for 95.6% of patients.” Secondary consultations
were scheduled exclusively for a minority of patients
reporting prolonged moderate pain, which completely
resolved within the first postoperative week in all in-
stances.
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Fig. 1 - Radial temperature profiles extracted from the simulation at two axial locations: directly at the fiber tip (left) and in the distal ther-
mal wake, 2.25 mm behind the tip (right). The comparison reflects the clinical protocols used: 1064 nm (150 J/cm), 1470 nm (100 J/cm), and
1940 nm (65 J/cm). Note that despite the significantly lower energy density (LEED), the 1940 nm wavelength exhibits the steepest thermal

gradient, confirming superior heat confinement to the vessel wall.
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Numerical simulation findings

The numerical model provided insight into the thermal
mechanisms underlying the clinical observations. While
the temperature increase within the target structures (tu-
nica intima and media) was sufficient for ablation across
all wavelengths, the heat distribution into the surroun-
ding perivenous tissue varied significantly.

Radial temperature profiles at the fiber tip and in the
thermal wake (Z = +2.25 mm). These profiles, illustrated
in Figure 1, show that the 1940 nm wavelength generates
the steepest thermal gradient at the fiber tip, effectively
concentrating energy within the vessel wall, while the
distal profiles reflect the subsequent heat redistribution
during the cooling phase.

The cumulative thermal load on the surrounding tis-
sue (defined as volume integral of temperature >43 °C
over time) was markedly dependent on the wavelength.
As shown in Table 2, the 1064 nm laser generated a ther-
mal load 32.4 times higher than the 1940 nm laser. The
1470 nm laser reduced this load significantly compared
to 1064 nm, but the 1940 nm wavelength resulted in the
most confined thermal footprint, minimizing collateral
thermal damage.

Discussion

Our study combines a robust long-term clinical registry
with dynamic 3D numerical modeling to validate the su-
periority of the 1940 nm wavelength for EVLA. The simu-
lation results clearly demonstrate that the 1940 nm wave-
length confines thermal energy strictly to the vessel wall,
demonstrating a more than 30-fold reduction in perive-
nous thermal load compared to the 1064 nm wavelen-
gth. This correlates strongly with our clinical observations
of significantly reduced postoperative pain and a dimi-
nished need for secondary follow-ups (4.4%) in the 1940
nm group.

A critical aspect of laser-tissue interaction in EVLA is
the underlying mechanism of heat generation. Historical-
ly, the use of shorter wavelengths (810-1064 nm), which
rely heavily on hemoglobin absorption, leads to a forma-
tion of a carbonized blood coagulum at the fiber tip. This
carbonized layer absorbs approximately 45% of the emit-
ted laser energy, converting the fiber tip into a super-
heated thermal probe (>1000 °C) acting as a black body
radiator.® Consequently, vein closure with 1064 nm was
achieved primarily through conductive heating from this
“hot tip” rather than direct optical absorption by the vein
wall. This mechanism explains the higher rate of fiber tip
carbonization observed in our early patient series, as well
as the associated risk of vein perforation and pain due to
extreme localized temperatures.

In contrast, water-targeting wavelengths (1470 nm
and 1940 nm) interact directly with the water-rich tunica
intima and media. Although the 1470 nm wavelength
represents a significant clinical improvement over 1064
nm, our simulations show that the 1940 nm wavelength
provides even stricter thermal confinement. This is driven
by the absorption coefficient of water, which is approxi-
mately 5 times higher at 1940 nm (119.8 cm™") compared
to 1470 nm (24.8 cm™"). Our numerical model verifies that

this high absorption ensures rapid, localized energy de-
position within the target tissue volume.®® This specific
volume heating achieves effective collagen denaturation
at significantly lower power settings (8 W vs 15 W), pre-
venting the formation of a carbonized layer. Clinically,
this was evidenced by the complete absence of carboniza-
tion on the fiber tips in the 1940 nm group. By entirely
avoiding the “hot tip” effect, the 1940 nm laser minimiz-
es the risk of perivenous thermal injury, directly account-
ing for lower pain scores reported in recent literature.'®

Limitations

It is important to acknowledge that our numerical model
utilizes diffusion approximation to simulate light trans-
port. While this is a standard approach for biological
tissues®, it does not account for the dynamic formation
of the carbonized layer at the fiber tip. Therefore, the
model likely underestimates the maximal tip temperatu-
re for the 1064 nm wavelength, where carbonization is
prevalent. However, for the 1940 nm wavelength, where
carbonization is clinically absent, the model provides an
accurate representation of the optical-thermal interac-
tion. Additionally, the clinical registry is non-randomized
due to its sequential nature; nevertheless, the large sam-
ple size (n > 5,000) provides robust real-world evidence of
the benefits of the 1940 nm protocol.

Conclusion

This study provides both theoretical and robust clinical
evidence supporting the efficacy of the 1940 nm wave-
length for endovenous laser ablation. Our 3D numerical
simulations confirm that the 1940 nm laser provides the
highest optical confinement within the venous wall, eli-
minating the “hot tip” effect, significantly reducing the
thermal load by more than 30-fold compared to 1064
nm and further optimizing the thermal profile relative
to 1470 nm. This localized energy absorption justifies
the feasibility of the low-power protocol (8 W). Clinical
outcomes from over 2,300 procedures validate these fin-
dings, demonstrating that 1940 nm ablation maintains
high closure rates (>98%) while significantly minimizing
collateral thermal injury, as evidenced by a decrease in se-
condary follow-ups for pain to 4.4%. Consequently, EVLA
utilizing the 1940 nm laser at reduced power settings can
be recommended as a standard of care to maximize pati-
ent comfort without compromising efficacy.
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Cil: Cilem této studie bylo zhodnotit prognosticky vyznam parametrd magnetické rezonance srdce (CMR),
vcetné pozdniho syceni gadoliniem (LGE) a parametrického mapovani (T1, T2 a extracelularni objem [ECV]),
spolu s nélezy endomyokardidlni biopsie (EMB) pro predikci reverzni remodelace levé komory (LVRR) u pa-
cientt s definitivni, moZnou nebo vyloucenou zanétlivou kardiomyopatii (ICM).
Metody: Retrospektivné jsme analyzovali 87 pacientd s nové diagnostikovanou dilata¢ni kardiomyopatii
(RODCM), ktefi podstoupili vstupni CMR a EMB, s naslednym kontrolnim CMR vysetfenim za jeden rok. ICM
byla klasifikovana jako definitivni, moZna nebo vyloucena na zakladé nélezi EMB. Reverzni remodelace levé
komory (LVRR) byla definovana jako absolutni nartst ejekéni frakce levé komory (EF LK) 0 > 10 % a relativni
pokles enddiastolického objemu levé komory (LVEDV) o > 10 % pfi kontrolnim vySetieni. Vstupni klinické
parametry, ndlezy EMB a CMR byly hodnoceny pomoci jednorozmérné a vicerozmérné logistické regresni
analyzy.
Vysledky: Kritéria LVRR splnilo 40 pacientl (46 %). Vstupni LGE, LVSV > 71,5 ml a ECV byly v jednorozmérné
analyze spojeny s nizsi pravdépodobnosti dosazeni LVRR. V nejlepsich multivariantnich modelech potvrdily
vyznam téchto parametrl jako prediktord LVRR modely se dvéma a tfemi prediktory (LVSV > 71,5 ml + ECV
> 29,6 %; AUC0,776 a ECV na jednu smérodatnou odchylku + LGE + LVSV > 71,5 ml; AUC 0,785). Respondéfi
vykazovali ve srovnani s non-respondéry signifikantné vétsi zlepseni EF LK a snizeni nativniho T1 mezi vstup-
nim a kontrolnim vysetienim.
Zavér: U pacientll s RODCM je vstupni hodnota ECV robustnim a nezévislym prediktorem LVRR, ktery pre-
konava nativni T1, T2 i zanétlivé markery ziskané z EMB. Multiparametricky pristup CMR, integrujici rozsah
difuzni fibrozy s velikosti, objemy a funkci komor, poskytuje optimalni prognostické zhodnoceni pravdépo-
dobnosti dosazeni reverzni remodelace levé komory.

© 2026, CKS.

ABSTRACT

Objective: The objective of this study was to evaluate the prognostic value of cardiac magnetic resonance
(CMR) parameters, including late gadolinium enhancement (LGE) and parametric mapping (T1, T2, and ex-
tracellular volume fraction [ECV]), in combination with endomyocardial biopsy (EMB) findings, for predict-
ing left ventricular reverse remodeling (LVRR) in DCM patients with definite, possible, or excluded inflam-
matory cardiomyopathy (ICM).

Methods: We retrospectively analyzed 87 patients with recently diagnosed dilated cardiomyopathy
(RODCM) who underwent baseline CMR and EMB, and had a second CMR within 395 days. ICM was classi-
fied as definite, possible, or excluded based on EMB findings. LVRR was defined as an absolute increase in
left ventricular ejection fraction (LVEF) >10% and a relative decrease in left ventricular end-diastolic volume
(LVEDV) 210% at follow-up. Baseline clinical, EMB, and CMR parameters were evaluated using univariate
and multivariate logistic regression to identify predictors of responder-defined LVRR.
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Results: LVRR criteria were met by 40 patients (46%). Baseline LGE, LVSV >71.5 ml, and ECV were associated
with lower odds of achieving LVRR on univariate analysis. Significant predictors of achieving responder-
-defined LVRR were identified in top-performing multivariate models with two and three predictors (LVSV
>71.5ml + ECV >29.6%; AUC0.776 and ECV per-SD + LGE + LVSV >71.5 ml; AUC 0.785). Responders exhibited
significantly greater improvements in LVEF and native T1 reduction from baseline to follow-up compared

to non-responders.

Conclusion: In patients with RODCM, baseline ECV is a robust and independent predictor of responder-de-
fined LVRR, outperforming native T1, T2, and EMB-derived inflammatory markers. A multiparametric CMR
approach integrating diffuse fibrosis burden with ventricular size, volumes, and function provides optimal
prognostic assessment of responder-defined LVRR.

Introduction

Dilated cardiomyopathy (DCM) is one of the most com-
mon multifactorial cardiomyopathies and typically pre-
sents with heart failure, accompanied by an increased risk
of ventricular arrhythmias and sudden cardiac death." It
is defined by left ventricular (LV) dilatation and systolic
dysfunction that cannot be explained by abnormal LV lo-
ading conditions, such as arterial hypertension or valvular
heart disease, nor by ischemic heart disease.?

Cardiovascular magnetic resonance (CMR) imaging is
recommended in all patients with DCM as part of the
initial diagnostic evaluation according to the 2023 Euro-
pean Society of Cardiology (ESC) guidelines on cardiomy-
opathies.> Beyond its high accuracy in assessing cardiac
volumes, myocardial mass, wall thickness, and systolic
function,* CMR enables comprehensive non-invasive myo-
cardial tissue characterization.® This capability facilitates
early diagnosis and precise phenotyping of cardiomyopa-
thies, which is essential for risk stratification and individu-
alized therapeutic decision-making.®

In patients with DCM, left ventricular reverse remodeling
(LVRR) is a strong surrogate marker of myocardial recovery
and is associated with improved long-term outcomes.” How-
ever, the ability to predict LVRR at baseline remains limited.
Late gadolinium enhancement (LGE) detects focal replace-
ment fibrosis and has established prognostic value, but it may
underestimate diffuse myocardial remodeling.? Parametric
mapping techniques, including native T1, T2, and extracel-
lular volume fraction (ECV), allow quantitative assessment
of diffuse fibrosis and myocardial inflammation, potentially
providing incremental prognostic information.® Endomyocar-
dial biopsy (EMB), despite its invasive nature and sampling
limitations, remains the reference standard for diagnosing
inflammatory cardiomyopathy (ICM) and offers direct insight
into myocardial inflammation and fibrosis.’® The objective of
this study was to evaluate the prognostic value of baseline
CMR parameters, including LGE and parametric mapping (na-
tive T1, T2, and ECV), in combination with endomyocardial
biopsy (EMB) findings, for predicting left ventricular reverse
remodeling (LVRR) in DCM patients with definite, possible, or
excluded inflammatory cardiomyopathy (ICM).

Methods

Study group
Patients with recently diagnosed DCM who had both ba-
seline (BL) and follow-up (FUP) CMR examinations within

395 days and an EMB biopsy at BL were retrospectively
included. Inflammatory cardiomyopathy (ICM) was classi-
fied as definite, excluded, or possible based on EMB bio-
psy. Specific criteria are listed below in subsection “Endo-
myocardial biopsy”.

Image acquisition and analysis

Cardiovascular magnetic resonance (CMR) examinations
were performed at St. Anne’s University Hospital in Brno
using a 1.5-T clinical scanner (Ingenia, Philips Medical Sys-
tems, Best, The Netherlands) equipped with 5- and 32-ele-
ment phased-array receiver coils. All studies were acqui-
red with patients in the supine position using repeated
breath-hold techniques and electrocardiographic gating.

The standard CMR protocol included cine imaging for
the assessment of cardiac morphology and function using
balanced steady-state free precession (bSSFP) sequences.
Typical acquisition parameters were as follows: field of
view 300 x 300 mm, acquired voxel size 1.67 x 1.67 x 8.0
mm, reconstruction matrix 256, slice thickness 8 mm with
no interslice gap, sensitivity encoding (SENSE) factor 1.7,
and 30-50 cardiac phases per cardiac cycle. Cine images
were obtained in contiguous short-axis slices covering the
entire left ventricle from base to apex, as well as in stan-
dard long-axis views.

Modified Look-Locker inversion recovery (MOLLI) se-
quences were used to obtain T1 parametric maps at the
mid-ventricular short-axis level. Native T1 mapping was
performed before contrast injection using a 3(3)5 pat-
tern, and enhanced T1 mapping was performed 15 min-
utes after contrast administration with a 4(1)3(1)2. ECV
was determined from native and post-contrast T1 values
using the standard formula: ECV = (1 — hematocrit) x (AR1
myocardium / AR1 blood), where AR1 is the change in R1
(1/T1) before and after contrast administration."” Hema-
tocrit values were obtained from laboratory blood anal-
yses performed up to two days before the examination
or on the same day. When no laboratory measurement
was available, values were estimated using a calculated
value.™

T2 mapping was acquired at the mid-ventricular short-
axis level using a multi-echo GraSE sequence with a black-
blood prepulse in a single breath-hold.

Late gadolinium enhancement (LGE) imaging was
performed in all patients approximately 10 minutes af-
ter intravenous administration of a gadolinium-based
contrast agent (0.2 mmol/kg gadobutrol; Gadovist, Bayer
Healthcare). LGE images were acquired using standard
inversion-recovery gradient-echo sequences in matching
short-axis and long-axis planes, with inversion time indi-
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vidually adjusted to achieve optimal nulling of normal
myocardium.

Clinical analysis was performed with the IntelliSpace
Portal (ISP) workspace (version 11, Philips Healthcare).
Left ventricular end-diastolic volume (LVEDV), end-sys-
tolic volume (LVESV), stroke volume, and left ventricular
ejection fraction (LVEF) were quantified from short-axis
cine images using standard contouring techniques. Papil-
lary muscles were included in the left ventricular cavity
volume. All morphological and functional parameters, as
well as the presence and pattern of LGE, were assessed
in accordance with current Society for Cardiovascular
Magnetic Resonance (SCMR) recommendations.” Left
ventricular reverse remodelling (LVRR) was defined as an
absolute improvement in LVEF of >10% from baseline to
follow-up and a relative decrease in LVEDV of >10% from
baseline.

CMR T1 and T2 parametric mapping analysis was per-
formed using cvi42 (release 5.13.9, Circle Cardiovascular
Imaging Inc., Calgary, Canada). The endocardial and epi-
cardial contours were traced automatically in the mid-
ventricular SAX images, excluding papillary muscles. The
contours were visually assessed and corrected if needed.
The program excluded 10% of the resulting regions of
interest. Segmental T1 and T2 values were automatically
calculated using curve fitting for each AHA segment, with
global values representing the mean of all segments.
A region of interest was also placed in the blood pool
of the left ventricular cavity to obtain T1 values for ECV
calculation.

Endomyocardial biopsy

Endomyocardial biopsy at BL was performed in all pati-
ents as part of the diagnostic workup for suspected infla-
mmatory cardiomyopathy, in accordance with current Eu-
ropean Society of Cardiology recommendations.™ Biopsy
procedures were carried out under local anesthesia using
a standard percutaneous transvenous approach. Samples
were obtained from the right ventricular septum using
a flexible bioptome.

A minimum of 4-6 myocardial tissue specimens were
collected from each patient. Biopsy samples were imme-
diately processed for histological, immunohistochemical,
and molecular analyses. For histological evaluation, tissue
specimens were fixed in formalin, embedded in paraffin,
and stained with hematoxylin and eosin as well as Mas-
son’s trichrome to assess myocardial structure, inflam-
matory infiltrates, myocyte damage, and interstitial or
replacement fibrosis.

Immunohistochemical analysis was performed on
paraffin-embedded sections using antibodies directed
against inflammatory cell markers, including CD3 for T
lymphocytes, CD68 for macrophages, and Leukocyte Com-
mon Antigen positive (LCA+) for leukocytes. Inflammato-
ry cardiomyopathy was defined according to established
immunohistochemical criteria, based on the presence of
>14 leukocytess/mm?2 (including =7 CD3+ T lymphocytes/
mm?2) in combination with evidence of myocardial dam-
age.™

Based on histological, immunohistochemical, and mo-
lecular findings, patients were classified as having defi-
nite, possible, or excluded inflammatory cardiomyopathy.

All biopsy analyses were performed by experienced
cardiovascular pathologists blinded to the CMR findings
and clinical outcomes.

Statistical analysis

Categorical variables are presented as a number (percen-
tage), and continuous variables are presented as the mean
(standard deviation) or median (interquartile range) ba-
sed on normality assessment (Shapiro-Wilk test). Paired
t-tests or paired Wilcoxon signed-rank tests were perfor-
med to assess the within-subject difference between BL
and FUP values, depending on whether the differences
were normally distributed. The comparison between re-
sponder groups was performed with Pearson’s Chi-squa-
red test for categorical variables and Welch’s two-sample
t-test or the Wilcoxon rank-sum exact test for normally
and non-normally distributed data. Pearson’s or Spear-
man's correlation was used for normally and non-norma-
Ily distributed variables.

Univariate and multivariate logistic regression analy-
ses were conducted to identify baseline predictors of left
ventricular reverse remodeling (LVRR). Model assump-
tions were verified, including assessment of multicol-
linearity using the variance inflation factor (VIF) and eval-
uation of linearity of continuous predictors with respect
to the logit using component-plus-residual plots and the
Box-Tidwell test. Optimal cutoffs were determined using
receiver operating characteristic (ROC) curve analysis and
the Youden index. Firth’s bias-reduced logistic regression
was applied when standard maximum likelihood estima-
tion resulted in separation or convergence issues.

Variables with p <0.10 in univariate analysis were
considered for multivariate modeling, avoiding highly
correlated predictors (correlation coefficient <0.6, VIF
<5). Two- and three-predictor multivariate models were
evaluated using the area under the curve (AUC), Akaike
information criterion (AIC), and Nagelkerke’s R2. Top-per-
forming model selection was based on complementary
ranking strategies prioritizing discrimination (AUC) and
parsimony (AIC).

Odds ratios (ORs) with 95% confidence intervals (Cls),
p-values, and AUCs were reported for all logistic regres-
sion models. ORs for continuous variables represent
a 1-standard-deviation increase, while ORs for dichoto-
mized variables compare values above versus below the
defined cutoff.

ICM subgroup comparisons were performed using
one-way ANOVA or Kruskal-Wallis tests for continuous
variables and %2 or Fisher’s exact tests for categorical vari-
ables, as appropriate. For variables with significant group
differences, post hoc pairwise comparisons were conduct-
ed using Dunn’s test with Benjamini-Hochberg correc-
tion, and effect sizes (¢2) were calculated. A p-value <0.05
was considered statistically significant. All analyses were
performed using R (version 4.4.1; RStudio 2025.09.2+418).

Results

Study group
The cohort included 21 females (24%) and 66 males
(76%). The median time between baseline and follow-up
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was 190 (176, 222) days. ICM was determined as definite
in 16 patients, excluded in 57, and possible in 14.

Clinical and CMR data

A comparison of clinical and CMR data at BL and FUP is
shown in Table 1. LGE was present in 58 (67 %) patients at
BL and in 61 (70%) at FUP. At BL, 16 patients had edema,
which was resolved in 14 of them (3 global, 4 in basal seg-
ments, 1 in basal and mid segments, 1 in mid segments, 1
in apical segments, 3 in the intraventricular septum, and
1 in the anteroseptum) and persisted in 2 (one in the LV
lateral wall, one in the intraventricular septum at the ba-
sal segment). T1 and T2 parametric mapping results are
shown in Table 2. Native T1 mapping values, both seg-
mental and global, were significantly lower at FUP in
all AHA segments. T2 mapping decreased significantly
in three segments (mid-anterior, mid-inferolateral, and
mid-anterolateral).

Based on the LVRR criteria (LVEF improvement >10%
and LVEDV decrease >10%), 40 patients were classified
as responders and 47 as non-responders. A comparison of
the baseline clinical and CMR between responders and
non-responders is shown in Table 3.

Responders exhibited lower global ECV and LGE than
non-responders. Other parameters were similar.

Clinical and CMR parameters changed from baseline to
follow-up (A = FUP - BL) between responders and non-
-responders, as shown in Table 4. Patients classified as re-
sponders exhibited significantly greater improvements in
LVEF, reductions in LV volumes (LVEDV, LVEDVi, LVESV,
LVESVi), and decreases in left ventricular mass (LVM,
LVMi) compared with non-responders. Global native

T1 also significantly decreased in responders, whereas
changes in ECV and T2 were similar between groups.

Univariate logistic regression with optimal Youden in-
dex cutoffs identified baseline CMR parameters as can-
didate predictors associated with reduced likelihood of
reverse remodeling (Table 5). Higher ECV (continuous and
>29.6%), LGE, LVSV >71.5 ml, LVEF >34.5%, and global T2
>56.6 ms showed significant associations.

Multivariate logistic regression models were construct-
ed using candidate predictors identified from univariate
logistic regression, with age and sex as potential con-
founding factors. Two- and three-predictor models were
evaluated and ranked by discriminative ability (AUC),
parsimony (AIC), and explained variance (Nagelkerke R?),
yielding top-performing models with good discriminative
ability and low multicollinearity (VIF<2) (Table 6).

The best two-predictor model (AUC 0.78, sensitivity
0.70, specificity 0.81) combined LVSV >71.5 ml and ECV
>29.6%, both dichotomized at Youden index cutoffs, and
demonstrated that patients exceeding these thresholds
have dramatically reduced odds of being classified as
responders. Follow-up duration was included as an addi-
tional covariate and was not significantly associated with
response (OR 1.01, 95% Cl 0.997-1.018, p = 0.240), sug-
gesting that differences in follow-up timing did not bias
the observed associations.

The best three-predictor model (AUC 0.79, sensitivity
0.80, specificity 0.74) included ECV per standard deviation
increase, LGE, and LVSV >71.5 ml. This model revealed
that even modest ECV elevations independently reduce
response likelihood by 10% per SD, alongside focal fibro-
sis (LGE) and stroke volume threshold effects.

Table 1 - Comparison of CMR data from baseline (BL) to follow-up (FUP)

Variable BL

N =87
Age (years) 48.5 (39.1-56.5)
LVEF (%) 30.5 (10.6)
LVEDV (ml) 237.8 (87.1)
LVEDVi (ml/m?) 152.0 (55.8)
LVESV (ml) 158.0 (117.5-219.5)
LVESVi (ml/m?) 96.1 (74.6-135.7)
LVSV (ml) 65.0 (56.0-76.0)
LVSVi (ml/m?) 42.1 (35.0-48.7)
LVM (g) 154.0 (134.0-200.0)
LVMi (g/m?) 98.6 (84.4-130.4)

Global native T1 (ms)
Global ECV (%)
Global T2 (ms)

1051 (1020-1085)
27.4 (25.6-30.6)
54.9 (52.7-58.2)

FUP p-value'
N =87

49.0 (39.6-57.2) <0.001
44.6 (14.3) <0.001
198.1(92.3) <0.001
125.8 (57.3) <0.001
93.0 (69.5-128.5) <0.001
59.0 (41.7-80.8) <0.001
78.0 (66.0-92.0) <0.001
50.2 (40.1-59.6) <0.001
142.0 (122.0-176.0) <0.001
87.7 (74.5-112.5) <0.001
1008 (984-1038) <0.001
27.2 (24.8-30.2) 0.733
53.6 (51.2-55.8) <0.001

CD3+ - CD3 T-lymphocytes positive; CD68+ — CD68 macrophages positive; ECV — extracellular volume; ED - end-diastolic; EF - ejection frac-
tion; ES - end-systolic; i — indexed; ICM - inflammatory cardiomyopathy; LCA+ - Leukocyte Common Antigen positive; LGE - late gadoli-
nium enhancement; LV - left ventricular; LVM - left ventricular mass; SV - stroke volume.

"Paired t-test for variables with normally distributed differences, paired Wilcoxon signed-rank test for variables with non-normally distri-

buted differences.

Values are presented as mean (standard deviation) or median (IQR) for normally and not-normally distributed continuous variables, and as

number (percentage) for categorical variables.
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Table 2 - Comparison of segmental T1 and T2 parametric mapping at baseline and follow-up

Variable

Global native T1 (ms)

Mid anterior

Mid anteroseptal
Mid inferoseptal
Mid inferior

Mid inferolateral
Mid anterolateral
Global ECV (%)
Mid anterior

Mid anteroseptal
Mid inferoseptal
Mid inferior

Mid inferolateral
Mid anterolateral
Global T2 (ms)
Mid anterior

Mid anteroseptal
Mid inferoseptal
Mid inferior

Mid inferolateral
Mid anterolateral

BL
N =87

1051 (1020-1085)
1037 (1005-1072)
1050 (1020-1083)
1060 (1031-1089)
1064 (1034-1113)
1050 (1015-1103)
1029 (979-1064)
27.4 (25.6-30.6)
27.0 (24.4-30.1)
29.5 (25.8-31.8)
28.4 (26.3-32.0)
28.2 (25.6-32.0)
26.0 (23.9-29.2)
26.0 (23.4-29.9)
54.9 (52.7-58.2)
54.9 (51.2-59.0)
55.7 (6.5)

54.2 (51.5-57.4)
54.4 (51.7-58.5)
54.3 (51.5-60.0)
54.4 (51.5-59.8)

FUP
N =87

1008 (984-1038)
992 (971-1018)
1006 (980-1046)
1019 (991-1065)
1026 (995-1070)
1012 (983-1051)
984 (960-1017)
27.2 (24.8-30.2)
26.3 (24.1-31.4)
27.5(25.4-32.4)
28.4 (25.6-32.2)
27.8 (25.6-30.9)
26.0 (23.8-28.5)
25.9 (23.6-29.4)
53.6 (51.2-55.8)
52.8 (50.8-55.0)
54.2 (5.1)

53.9 (50.8-57.3)
53.7 (51.2-57.0)
52.1 (50.2-56.4)
52.6 (50.0-55.1)

p-value'

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.733
0.813
0.245
0.956
0.589
0.681
0.541
<0.001
0.003
0.059
0.357
0.150
<0.001
0.002

'Paired t-test for variables with normally distributed differences, paired Wilcoxon signed-rank test for variables with non-normally distri-

buted differences.

Values are presented as mean (standard deviation) or median (IQR) for normally and not-normally distributed continuous variables.

Table 3 - Comparison of clinical and CMR data at baseline (BL) between responders and non-responders

Variable

Age (years)

Sex (n (%)) (female / male)

LVEF (%)
LVEDV (ml)
LVEDVi (ml/m?)
LVESV (ml)
LVESVi (ml/m?)
LVSV (ml)
LVSVi (ml/m?)
LVM (9)

LVMi (g/m?)

Global native T1 (ms)

Global ECV (%)
LGE (n (%))
Global T2 (ms)

Responder
N =40

46.8 (11.6)

11 (28%) /29 (73%)
28.5(7.9)

226.5 (197.8-253.2)
138.1 (124.1-166.4)
166.0 (132.5-200.2)
98.0 (84.9-126.7)
61.0 (55.0-70.2)
40.2 (34.7-46.0)
168.0 (140.2-208.0)
106.4 (87.8-132.6)
1044 (1021-1075)
26.1(24.5-28.3)

21 (53%)

54.5 (52.2-56.5)

Non-responder
N =47

49.6 (11.2)

10 (21%) /37 (79%)
32.2(12.3)

220.0 (173.0-298.5)
137.5 (107.3-190.3)
139.0 (98.5-239.5)
93.5 (59.1-147.1)
70.0 (57.0-79.0)
42.6 (35.4-52.4)
151.0 (133.5-198.0)
90.2 (81.7-124.5)
1051 (1020-1088)
28.5 (26.4-32.1)

37 (79%)

55.9 (53.0-59.7)

p-value'

0.253
0.617
0.091
0.878
0.705
0.485
0.369
0.105
0.281
0.299
0.194
0.642
0.001
0.012
0.092

ECV - extracellular volume; ED - end-diastolic; EF - ejection fraction; ES — end-systolic; i — indexed; ICM - inflammatory cardiomyopathy;
LCA+ - Leukocyte Common Antigen positive; LGE - late gadolinium enhancement; LV - left ventricular; LVM - left ventricular mass;
N - number of non-missing values; SV - stroke volume.
"Welch two-sample t-test for normally distributed variables, Wilcoxon rank sum test for not-normally distributed variables, Fisher’s exact

test for binary variables.

Values are presented as mean (standard deviation) or median (IQR) for normally and not-normally distributed continuous variables,
and as number (percentage) for categorical variables.
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Table 4 - Comparison of CMR parameters change from baseline to follow-up (A = FUP — BL) between responders and non-responders

Variable Responder Non-responder p-value'
N=40 N =47

ALVEF (%) 23.6 (10.8) 6.0 (9.4) <0.001
ALVEDV (ml) -73.5(41.2) -10.9 (37.0) <0.001
ALVEDVi (ml/m?) -48.0 (26.5) -7.6 (22.1) <0.001
ALVESV (ml) -73.0 (-125.5, -59.5) -21.0 (-39.5, -5.5) <0.001
ALVESVi (ml/m?) -46.9 (-85.2, -37.2) -15.2 (-24.7, -3.5) <0.001
ALVSV (ml) 15.0 (6.8, 28.0) 8.0 (-5.5-26.0) 0.089
ALVSVi (ml/m?) 9.6 (3.9, 17.3) 4.7 (-3.3-15.5) 0.085
ALVM (g) -21.0 (-46.5, -7.8) -11.0 (-22.5-3.5) 0.007
ALVMi (g/m?) -14.9 (-31.7, -5.4) -6.9 (-13.4-1.8) 0.005
AGlobal native T1 (ms) -54.5 (-85.2, -23.0) -27.0 (-55.0-9.0) 0.020
AGlobal ECV (%) -0.2 (-2.4-1.9) 0.0 (-2.7-2.5) 0.848
AGlobal T2 (ms) -1.1(-5.4-1.2) -0.8 (-4.8-1.5) 0.683

ECV - extracellular volume; ED - end-diastolic; EF - ejection fraction; ES — end-systolic; i — indexed; LV - left ventricular; LVM - left ventricu-
lar mass; N - number of non-missing values; SV - stroke volume.

"Welch's t-test for normally distributed variables, Wilcoxon rank-sum test for non-normally distributed variables.

Values are presented as mean (standard deviation) or median (IQR) for normally and not-normally distributed continuous variables, and as
number (percentage) for categorical variables.

Table 5 - Univariate logistic regression for candidate baseline CMR parameters (dichotomized at Youden index cutoffs where applicable)

predicting responder status

Variable OR 95% Cl p-value AUC (%)
LVEF >34.5% 0.31 0.12-0.77 0.011 0.632
LVSV >71.5 ml 0.30 0.11-0.74 0.009 0.634
LVSVi >42.5 ml/m? 0.42 0.17-0.99 0.048 0.605
ECV (%) 0.55 0.30-0.98 0.043 0.702
ECV >29.6 % 0.18 0.06-0.48 <0.001 0.672
LGE 0.30 0.12-0.76 0.011 0.631
Global T2 >56.6 ms 0.34 0.13-0.84 0.019 0.622

AUC - area under the curve; Cl - confidence interval; ECV - extracellular volume; EF - ejection fraction; i - indexed; LGE - late gadolinium
enhancement; LV - left ventricular; LVM - left ventricular mass; OR — odds ratio; SV - stroke volume.

Table 6 — Top-performing multivariate logistic regression models for prediction of responder status

Variable OR 95% CI p-value AUC
Two-predictor model 0.78
LVSV >71.5 ml 0.18 0.06-0.50 0.002

ECV >29.6% 0.1 0.03-0.33 <0.001

Three-predictor model 0.79
ECV (per SD increase) 0.90 0.81-0.97 0.020

LGE 0.30 0.10-0.83 0.023

LVSV > 71.5 ml 0.22 0.07-0.62 0.005

AUC - area under the curve; Cl - confidence interval; ECV - extracellular volume; ED - end-diastolic; EF - ejection fraction; ES - end-systolic;
i — indexed; LV - left ventricular; LVM - left ventricular mass; OR - odds ratio; SD - standard deviation; SV - stroke volume.
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At baseline, EMB revealed inflammatory cell densities of
LCA+ 6 (4-10), CD3+ 3 (2-6), and CD68+ 5 (2-6) cells/mm2.
According to EMB, ICM was definite in 16 patients, possi-
ble in 14, and excluded in 57. The observed proportions
of patients meeting the responder-defined LVRR crite-
ria were similar across the three groups: 44% in definite
ICM, 43% in possible ICM, and 47% in excluded ICM (p =
0.936). Baseline CMR parameters were similar among ICM
subgroups (supplementary Table 1).

To formally test for ICM modification, interaction anal-
yses were performed between the strongest multivariate
predictors (LVSV >71.5 ml, ECV >29.6%, and LGE) and ICM
status. For the two-predictor model (LVSV + ECV), interac-
tion terms were non-significant and model discrimination
(AUC 0.78) remained unchanged. In the three-predictor
model, interactions for LVSV and ECV were also non-sig-
nificant, while LGE showed a potential interaction with
excluded ICM (estimate = -2.93, p = 0.038); however, add-
ing this term did not improve overall model fit or discrim-
ination (AUC 0.78-0.81). These results indicate that the
predictive value of baseline LVSV, ECV, and LGE for re-
verse remodeling is consistent across ICM subgroups, and
incorporating ICM status does not enhance the predictive
performance of the multivariate models.

Discussion

In this longitudinal retrospective CMR study of patients
with DCM, we demonstrate that baseline myocardial ti-
ssue characteristics assessed by parametric mapping, par-
ticularly ECV, are independently associated with LVRR.
Higher baseline ECV (whether exceeding 29.6% or per
standard deviation increase) was consistently associated
with lower odds of being classified as a responder, even
after adjustment for ventricular size and function. Simi-
larly, baseline LVSV >71.5 ml reduced the likelihood of
achieving LV reverse remodeling, reflecting greater po-
tential for functional recovery. While native T1 decreased
more markedly in responders than in non-responders du-
ring follow-up, baseline native T1 and T2 values were not
associated with responder classification. These findings
highlight the complementary roles of diffuse fibrosis
burden and baseline ventricular volumes in determining
myocardial recovery.

Although this study did not demonstrate the signifi-
cance of biotic findings for predicting LVRR, in other pa-
tient cohorts from our institution the presence of myocar-
dial inflammation was associated with a higher chance of
LV function recovery.'

This may be explained by the division of ICM pa-
tients in our study into three groups, whereas Polocz-
kova's work' classified patients into two groups, with
and without ICM.

In their prospective CMR-based study of RODCM,
Kubanek et al.” demonstrated that LGE extent and myo-
cardial edema ratio combined with serial BNP measure-
ments, outperformed EMB and conventional follow-up
parameters in predicting LVRR. The higher prevalence of
myocarditis and increased myocardial edema ratio among
patients with LVRR suggested that resolving myocarditis

may contribute to the process of LVRR.” Our findings in-
dicate that diffuse interstitial fibrosis quantified by ECV
represents a dominant constraint on LVRR in a broader
DCM population. Baseline CMR parameters did not dif-
fer by ICM status. Interaction analyses confirmed that the
predictive value of LVSV, ECV, and LGE for responder-
defined LVRR was consistent across the ICM subgroups.
These findings indicate that while EMB captures inflam-
matory activity and ICM classification, it does not modify
the prognostic performance of key CMR parameters for
predicting responder-defined LVRR.

Our results are consistent with and extend those re-
ported by Cadour et al.,'® who evaluated the prognostic
value of parametric mapping for major adverse cardio-
vascular events in non-ischemic DCM. In that study, ECV
emerged as the strongest independent predictor of both
heart failure and arrhythmia-related outcomes, whereas
native T1 provided incremental prognostic value primar-
ily for arrhythmic events. Although the clinical endpoints
differ, both studies converge on ECV's central role as a ro-
bust marker of disease severity. In Cadour et al., higher
ECV identified patients at increased risk of clinical de-
terioration;' in our study, we found that patients with
greater diffuse fibrosis were less likely to meet criteria for
reverse remodeling, suggesting that diffuse fibrosis may
influence the likelihood of achieving responder-defined
reverse remodeling.

Di Marco et al.”7 evaluated the prognostic role of
parametric mapping for ventricular arrhythmic risk and
sudden cardiac death in a large cohort of patients with
non-ischemic cardiomyopathy. In that study, ECV >30%
was the strongest independent predictor of arrhythmic
events, outperforming native T1, LGE, and LVEF, and
demonstrating significant incremental value when add-
ed to conventional risk markers."” Despite the different
clinical endpoints, their findings conceptually align with
ours: the ECV thresholds associated with risk closely mir-
ror those identified in our ROC-based analyses, suggest-
ing that similar degrees of diffuse fibrosis are observed
across different patient cohorts with DCM.

Furthermore, Di Marco et al. demonstrated that com-
bining ECV with functional and structural parameters im-
proved risk stratification. This outcome is consistent with
our multivariate models, in which combinations of ECV,
LVSV, and LGE showed good discriminative performance
for predicting responder-defined reverse modelling. To-
gether, these findings reinforce the value of a multipara-
metric CMR approach that integrates tissue characteriza-
tion with ventricular size and function.®

In our cohort, native T1 values decreased significantly
over time, with a greater reduction observed in respond-
ers, suggesting partial reversibility of myocardial tis-
sue abnormalities with favorable remodeling. However,
baseline native T1 and T2 values were not associated with
responder status in our cohort, and T2 changes were lim-
ited and segment-specific. These findings suggest that
while native T1 may be sensitive to dynamic changes dur-
ing recovery, ECV more robustly reflects the fixed fibrotic
burden that constrains remodeling potential. This obser-
vation is consistent with prior studies showing that ECV
outperforms native T1 for prognostication in chronic car-
diomyopathy phenotypes.
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Limitations

The retrospective, single-center design limits the strength
of conclusions that can be drawn from the data and may
reduce the generalizability of the findings. The multivaria-
te logistic regression models were not validated due to the
relatively small cohort (40 responders, 47 non-responders),
and reported performance metrics (AUC, sensitivity, specifi-
city) should therefore be interpreted with caution. Follow-
-up duration varied among patients (median 190 days, IQR
176-222, maximum 395 days), which could influence classi-
fication of responder status; however, follow-up duration
was included as a covariate in the models and was not signi-
ficantly associated with response. We also had only one fo-
llow-up, meaning that time-to-event analyses or assessment
of remodeling dynamics beyond the study interval are not
available. The lack of a uniform definition of LVRR across
studies may contribute to inconsistencies in reported results.

Finally, all participants received routine clinical care,
and no specific therapeutic interventions were adminis-
tered as part of the study protocol.

Conclusion

Baseline CMR parameters (LVSV >71.5 ml, ECV >29.6%,
LGE, and ECV per 1% increase) were significant predictors
of responder status in univariate and multivariate logis-
tic regression analyses. Interaction analyses showed that
the predictive value of these CMR parameters was consi-
stent across ICM subgroups, indicating that their effects
on responder classification were independent of whether
inflammatory cardiomyopathy was definite, possible, or
excluded. Overall, CMR parameters are the primary base-
line predictors of responder-defined reverse remodeling,
whereas EMB markers contribute complementary patho-
physiological insights.

Conflict of interest
The authors have no relevant financial or non-financial
interests to disclose.

Funding

This study was supported by the Specific University Re-
search Grant from the Ministry of Education, Youth
and Sports of the Czech Republic for the project “New
trends and the impact of comorbidities in the diagnosis,
stratification, and therapy of cardiovascular diseases”
(MUNI/A/1844/2025) at Masaryk University, and by the
Ministry of Health of the Czech Republic in cooperation
with the Czech Health Research Council under project
No. NU22-02-00418: “Clinical and proteomic biomarkers
predicting reverse left ventricular remodeling in patients
with newly diagnosed dilated cardiomyopathy”.

Ethical statement
The study was conducted in accordance with the Declara-
tion of Helsinki.

Informed consent
Written informed consent was obtained from all individ-
ual participants included in the study.

References

1. Elliott P, Andersson B, Arbustini E, et al. Classification of the
cardiomyopathies: a position statement from the European
Society Of Cardiology Working Group on Myocardial and
Pericardial Diseases. Eur Heart J 2007;29:270-276.

2. Perone F, Dentamaro |, La Mura L, et al. Current Insights and
Novel Cardiovascular Magnetic Resonance-Based Techniques in
the Prognosis of Non-Ischemic Dilated Cardiomyopathy. J Clin
Med 2024;13:1017.

3. Arbelo E, Protonotarios A, Gimeno JR, et al. 2023 ESC
guidelines for the management of cardiomyopathies. Eur
Heart J 2023;44:3503-3626.

4. Karamitsos TD, Arvanitaki A, Karvounis H, et al. Myocardial
tissue characterization and fibrosis by imaging. JACC
Cardiovasc Imaging 2020;13:1221-1234.

5. Tao M, Dhaliwal S, Ghosalkar D, et al. Utility of native T1
mapping and myocardial extracellular volume fraction
in patients with nonischemic dilated cardiomyopathy:

a systematic review and meta analysis. 1JC Heart Vasc
2024;51:101339.

6. Merlo M, Gagno G, Baritussio A, et al. Clinical application of
CMR in cardiomyopathies: evolving concepts and techniques:
A position paper of myocardial and pericardial diseases and
cardiac magnetic resonance working groups of Italian society
of cardiology. Heart Fail Rev 2023;28:77-95.

7. Kubanek M, Sramko M, Maluskova J, et al. Novel predictors of
left ventricular reverse remodeling in individuals with recent-
onset dilated cardiomyopathy. J Am Coll Cardiol 2013;61:54-63.

8. Mitropoulou P, Georgiopoulos G, Figliozzi S, et al. Multi-
Modality Imaging in Dilated Cardiomyopathy: With a Focus
on the Role of Cardiac Magnetic Resonance. Front Cardiovasc
Med 2020;7:97.

9. Puntmann VO, Carr-White G, Jabbour A, et al. T1-mapping
and outcome in nonischemic cardiomyopathy. JACC Cardiovasc
Imaging 2016;9:40-50.

10. Baumeier C, Harms D, Aleshcheva G, et al. Advancing
Precision Medicine in Myocarditis: Current Status and Future
Perspectives in Endomyocardial Biopsy-Based Diagnostics and
Therapeutic Approaches. J Clin Med 2023;12:5050.

11. Robinson A, Chow K, Salerno M. Myocardial T1 and
ECV Measurement: Underlying Concepts and Technical
Considerations. J Am Coll Cardiovasc Imaging 2019;12(11_
Part_2):2332-2344.

12. Opatril L, Panovsky R, Machal J, et al. Extracellular volume
quantification using synthetic haematocrit assessed from
native and post-contrast longitudinal relaxation T1 times of
a blood pool. BMC Cardiovasc Disord 2021;21:363.

13. Hundley WG, Bluemke DA, Bogaert J, et al. Society for
Cardiovascular Magnetic Resonance (SCMR) guidelines for
reporting cardiovascular magnetic resonance examinations. J
Cardiovasc Magn Reson 2022;24:29.

14. Schulz-Menger J, Collini V, Groschel J, et al. 2025 ESC
Guidelines for the management of myocarditis and
pericarditis: Developed by the Task Force for the Management
of Myocarditis and Pericarditis of the European Society of
Cardiology (ESC). Endorsed by the Association for European
Paediatric and Congenital Cardiology (AEPC) and the
European Association for Cardio-Thoracic Surgery (EACTS). Eur
Heart J 2025,46:3952-4041.

15. Poloczkova H. Biopticka diagnostika myokarditid. Disertacni prace.
Brno: Masarykova Univerzita, Lékarska fakulta, 2021. Dostupné z:
https://is.muni.cz/th/whr5k/Biopticka_diagnostika_myokarditid_
disertacni_prace_Poloczkova.pdf. [citovano 2026-06-07].

16. Cadour F, Quemeneur M, Biere L, et al. Prognostic Value
of Cardiovascular Magnetic Resonance T1 Mapping and
Extracellular Volume Fraction in Nonischemic Dilated
Cardiomyopathy. J Cardiovasc Magn Reson 2023;25:7.

17. Di Marco A, Brown PF, Bradley J, et al. Extracellular volume
fraction improves risk-stratification for ventricular arrhythmias
and sudden death in non-ischaemic cardiomyopathy. Eur Heart
J Cardiovasc Imaging 2023;24:512-521.

18. Marchini F, Dal Passo B, Campo G, et al. T1 mapping and
major cardiovascular events in non-ischaemic dilated
cardiomyopathy: a systematic review and meta-analysis. ESC
Heart Fail 2025;12:2621-2630.



Plvodni sdéleni | Original research article

Clinical and Angiographic Outcomes after Contemporary
Extraplague Compared to Intraplaque Recanalization

of Chronic Total Occlusion: a 6-Month Follow-up
Observational Study

Peter Philip Shaker Selwanos**, Ahmad Samir®, Sameh Bakhoum?,
Magdy Abdelhamid®, Ahmed EIGuindy?

2 Division of Cardiology, Aswan Heart Center, Aswan, Egypt
b Department of Cardiovascular Medicine, Faculty of Medicine, Kasr Al Ainy, Cairo University, EQypt

ARTICLE INFO

Article history:

Submitted: 27. 7. 2025
Accepted: 6. 9. 2025
Available online: 22. 6. 2026

Klicova slova:

Chronicky totélni uzavér
Skrze plat
Subintimalni/subadventicialni

Keywords:

Chronic total occlusion
Extraplaque
Intraplaque

SOUHRN

Cil: Stale castéjsi pouzivani subintimdlni a subadventicidlni rekanalizace (extraplaque, EP) strategii bylo spo-
jeno se stale Uspésnéjsi rekanalizaci chronického totalniho uzévéru (chronic total occlusion, CTO) koronar-
nich tepen. Soucasné techniky EP nahradily predchozi techniky disekce a ,reentry” a prokazaly strednédobé
vysledky srovnatelné s vysledky rekanalizace skrze plat (intraplaque, IP). Nyni je tfeba klinické a angiogra-
fické vysledky vyhodnotit. Cilem této studie bylo posoudit klinické a angiografické vysledky riznych technik
perkutanni koronarni intervence (PCl) v 1é¢bé CTO.
Metody: Provedli jsme prospektivni, observacni, analytickou, monocentrickou studii, do niz bylo zafazeno 50
po sobé nésledujicich pacientl s Uspésné provedenou PCl v [écbé CTO. Uvedené odlisné pristupy PCI (EP vs.
IP) byly pouzity podle Usudku operatéra. Primarnim sledovanym parametrem byly klinické a angiografické
vysledky pouzité techniky PCl po Sesti mésicich od daného vykonu.
Vysledky: U 50 po sobé nasledujicich pacientd byla v 51 pfipadech CTO koronarni tepny provedena Uspésna
PCl. V 15 pfipadech byla pouzita EP technika a v 36 byla pouzita IP technika. Po Sesti mésicich sledovani byly
u vsech pacientd zhodnoceny klinické a angiografické vysledky. Rekanalizace cilové tepny byla nelspésna
(target vessel failure, TVF) u 23,5 % vsech pacientd, pficemz téchto pacientt bylo vice ve skupiné s EP; rozdil
vsak nedosahl statistické vyznamnosti (26,6 % vs. 22,2 %; p = 0,73).
Zavéry: Zpruchodnéni CTO technikou EP - oproti technice IP - je spojeno se statisticky nevyznamnym roz-
dilem v TVF.

© 2026, CKS.

ABSTRACT

Aim: The expanding utilization of extraplaque (EP) strategies has led to increasing success rates in coronary
chronic total occlusion (CTO) recanalization. The contemporary EP techniques have replaced the precedent
dissection and reentry techniques and have shown mid-term outcomes comparable to intraplaque (IP) app-
roaches. Clinical and angiographic outcomes need to be evaluated. The aim of this study was to assess clini-
cal and angiographic outcomes across different CTO-PCl techniques.

Methods: This was a prospective, observational, analytic, single-center study recruiting 50 consecutive pa-
tients who underwent successful CTO PCl. The CTO PCl technique (EP vs. IP) was according to the opera-
tor's discretion. The primary endpoint was contrasting the impact of the PCl technique on the clinical and
angiographic outcomes, 6 months after the index PClI.

Results: Fifty consecutive patients had successful PCl to 51 CTO coronary vessels. EP and IP techniques were
used in 15 and 36 CTOs, respectively. At 6 months, clinical and angiographic follow-ups were completed for
all patients. Target vessel failure (TVF) occurred in 23.5% of all patients with a numerically higher rate in the
EP compared to the IP technique but without achieving statistical significance (26.6% vs. 22.2%; p = 0.73).
Conclusions: CTO recanalization using EP techniques is associated with non-significant difference in TVF
compared to IP techniques.
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Introduction

In interventional cardiology, treating chronic total
occlusions (CTO) with percutaneous coronary interventi-
on (PCl) has consistently been a distinct challenge.' CTO
PCl procedures are inclined to have lower success rates
and a higher risk of complications compared to non-
-CTO PCl.*> Historically, antegrade wire escalation (AWE)
served as the primary approach for CTO PCl; however,
early reports showed success rates of only about 80%.°
Moreover, the AWE technique often proves unsuccessful
in cases involving highly complex, tortuous, and/or long
CTO lesions.%’

By virtue of improved operator expertise, ongoing
technological progress, and the introduction of new
techniques, modern CTO PCl now achieves success rates
above 95%, while also expanding the range of complex
CTOs that can be treated effectively.®® A key driver in
this progress has been the incorporation of multiple
recanalization techniques beyond AWE. Contemporary
CTO PCI procedures use a hybrid method, customizing
the recanalization strategy to address the unique ana-
tomical difficulties of each lesion.>"" This can include
antegrade and retrograde methods, combining the tra-
ditional intra-plaque (IP) technique or sometimes an ex-
tra-plaque (EP) approach, with operators often switch-
ing between these various techniques when dealing
with complex CTOs.°

In fact, the use of extra-plaque (EP) strategies, includ-
ing antegrade dissection re-entry (ADR) and reverse con-
trolled antegrade-retrograde tracking (CART), has greatly
enhanced the ability to navigate uncrossable CTO plaques
and re-enter the true lumen, thereby markedly improving
the success rates of CTO PCL."? This has enabled interven-
tionalists to tackle more complex CTOs, broadening the
range of difficult lesions they can treat.? Nevertheless,
employing EP techniques brings up concerns about long-
term vascular healing. Having a portion of the neo-lumen
located within the extra-plaque space could potentially
influence stent endothelialization and neo-intimal for-
mation, which may ultimately affect long-term vessel
openness and clinical results.” As a result, the growing
use of EP strategies creates an urgent need to thoroughly
understand their long-term effects on CTO PCl outcomes.

Methods

This was a prospective, observational, single-center study,
that was conducted in a high-volume CTO cardiac center
through February 2024 to March 2025. The study protocol
was registered and approved by the institutional research
ethics committee and all patients provided written infor-
med consent prior to recruitment. The study aimed to ex-
plore the mid-term clinical and angiographic outcomes.
Selection of the CTO canalization strategy (antegrade vs.
retrograde and intraplaque vs. extraplaque) was accor-
ding to the operator’s judgement of the CTO anatomical
characteristics, in lieu of the Global CTO crossing algori-
thm.® According to the institutional practice, utilization
of intravascular imaging (IVUS or OCT) in guiding CTO
recanalization is liberal.

Study population

CTO PCl was primarily indicated for patients experiencing
angina (or equivalent symptoms) that persisted despite
optimal medical treatment, along with confirmed evi-
dence of viable myocardium in the affected territory.
The inclusion criteria included: (1) age between 18 and
80 years; (2) approval to participate via written informed
consent; (3) CTO involving a native segment in a major
epicardial coronary vessel, (4) presence of angina sym-
ptoms in addition to documented viability of the target
myocardial territory by either cardiac magnetic resonan-
ce imaging (CMR) or myocardial perfusion imaging (MPI);
and (5) successful PCl of the CTO vessel by >1 new gene-
ration DES. Exclusion criteria included: (1) CTO lesions in
surgical grafts or in previously stented segments (in-stent
CTO); (2) chronic kidney disease CKD with estimated glo-
merular filtration rate < 45 ml/min/m?; and (3) permanent
indication for oral anticoagulant (OAC) therapy.

Study workup and CTO recanalization protocol

The PCl was conducted using standard techniques. Dual
injection angiography was routinely used at the begi-
nning to thoroughly assess the CTO anatomy. Following
this, the J-CTO and PROGRESS CTO scores were calcula-
ted."" Technical success was defined as successful resto-
ration of TIMI Il antegrade flow with residual stenosis
<30%,"> while procedural success was defined as technical
success and discharge of the patient without in-hospital
major adverse cardiovascular events (MACE) that inclu-
ded death, myocardial infarction, stroke or target vessel
revascularization.'%>-"

Clinical and angiographic follow-up

Patients were followed up clinically for 6 months, then
underwent control angiography. Through the follow-up
period, freedom from MACE, angina, heart failure, re-
-hospitalization, and urgent unplanned revascularization
were periodically evaluated. Target vessel failure (TVF)
was defined as new angiographic >50% diameter ste-
nosis in the treated vessel. Ischemia-driven target vessel
revascularization (TVR) was contemplated when encount-
ering a TVF associated with either clinical angina or phys-
iologic evidence of a significant amount of ischaemia.

Study endpoints

The study’s endpoint was the freedom from MACE and
ischemia-driven target vessel revascularization (TVR) at 6
months.

Statistical analysis

After tabulation and verification of the data, statistical
analysis was conducted using IBM SPSS Statistics for Win-
dows, Version 25.0 (IBM Corp., Armonk, NY) and Med-
Calc Statistical Software, Version 20.1 (MedCalc Software
Ltd., Ostend, Belgium). Data were presented as mean =
standard deviation, median (25th-75th percentile), or
frequency (percentage), as appropriate. Between-group
comparisons were conducted using the Student’s t-test,
McNemar's test, or Fisher’s exact test. To assess predictors
of TVF, a receiver operating characteristic (ROC) curve
was constructed for relevant parameters. A p-value <0.05
was considered statistically significant.
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Results 78 patients CTO
PCI
During the study period, from February 2024 to March screened
2025, 78 CTO procedures were performed with an overall
technical success of 92%. Fifty patients met the eligibility »| 28 excluded
criteria (who had 51 CTO lesions) and comprised the study v for ineligibilty
group, while 19 patients had in-stent CTO and 9 ended .
with investment procedure, hence were excluded. The 50;‘.?::;"“
study flowchart is illustrated in Figure 1. The mean age wi"c)h 5'1 CTOs
was 57.7 + 8 years and 35 (68.6%) were males. The base-
line characteristics and clinical data of the whole group
and contrasting EP vs. IP recanalization subgroups are
outlined in Table 1. 36 intraplaque | v _| 15 extraplaque
The left anterior descending (LAD) artery was the CTO (28 AWE + h - 1(14£CD§RTI')

vessel in 24 patients (47%). The mean J-CTO score was
2.5 = 1 and the mean Progress CTO score was 1.7 + 0.8.
The successful strategy was AWE in 28 (54.9%), RWE in
8 (15.7%), ADR in 4 (7.8%), and RDR in 11 (21.6%). Pre-
stenting IVUS was available in 31 (60.7%) of the proce-
dures, with significantly higher utilization in the EP vs.
the IP recanalization groups, 13 (86.7%) vs. 18 (51.4%),
respectively, with p = 0.019. The angiographic and proce-
dural data are summarized in Table 2.

All 50 patients were followed up clinically for 6 months
post-PCl without reporting any MACE. On the control
coronary angiography, TVF (defined as new angiographic
diameter stenosis of >50%) was met in 12 (23.5%) of the
51 recanalized CTOs. Of these, 8 had associated evidence
of ischemia and underwent TVR which was comparable
between the 2 strategies. On the other hand, discretion-
ary optimization was decided by the operator in other 2
patients, 1 in each group. These findings are detailed in
Table 3.

Predictors for TVF were sought from the angiographic
parameters. Only the stented length was the significant

8 RWE) l

All underwent control angiography

Fig. 1 - Study flow chart. ADR - antegrade dissection re-entry; AWE
- antegrade wire escalation; CTO - chronic total occlusion; NIHS -
neo-intimal healing score; PCl - percutaneous coronary interven-
tion; R-CART - reverse controlled antegrade-retrograde tracking;
RWE - retrograde wire escalation; TVR - target vessel revasculari-
zation.

predictor in univariate regression analysis. For the stented
length, the ROC-curve analysis yielded a cut-off value of
>70 mm as a significant predictor for TVF with a sensitiv-
ity of 75 % and specificity of 74% to predict target vessel
failure TVF (p = 0.0117) (see Figure 2). The central illustra-
tion of the study outcomes is represented in Figure 3.

Table 1 - Baseline characteristics of the whole study group and the differences between intraplaque

vs. extraplaque recanalization subgroups

All patients EP group IP group p-value*

(N = 50) (N =15) (N =359%)
Age (years) 58+ 8 53+9 57+8 0.009
Weight (kg) 84+ 17 87.7 +16.7 83.8+16.8 0.29
Height (meters) 1.66+9 1.69 £ 9.3 1.66 + 9.1 0.12
BMI (mg/m?) 30.2+6 3055 30.2+5.9 0.87
Diabetes mellitus 33 (66%) 9 (60%) 24 (66.7%) 0.75
Hypertension 34 (68%) 7 (46.7%) 27 (75%) 0.10
Current smoking 28 (56%) 10 (66.7%) 18 (50%) 0.36
Dyslipidemia 29 (58%) 9 (64.3%) 20 (55.6%) 0.75
Family history of premature CAD 3 (6%) 2 (13.3%) 1(2.9%) 0.21
Prior Ml 22 (44%) 5 (33.3%) 17 (47.2%) 0.53
Prior CABG 4 (8%) 3 (20%) 1(2.8%) 0.07
Prior PCI 28 (56%) 10 (66.7%) 18 (50%) 0.36

BMI - body mass index; CABG - coronary artery bypass graft surgery; CAD - coronary artery disease; EP - extraplaque; IP — intraplaque;

MI - myocardial infarction; PCl - percutaneous coronary intervention.

Data represented as mean = standard deviation or frequency (percentage) as appropriate.

* Denotes EP versus IP recanalization groups.
$ Number of patients but counting for 36 CTOs.
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Table 2 - Angiographical and procedural characteristics

All CTO vessels

(N=51)
CTO vessel:
LAD 24 (47%)
LCX 4 (8%)
RCA 23 (45%)
Ambiguous proximal cap 30 (59%)
CTO length (mm) 35.9+24
J-CTO score 25+1
PROGRESS CTO score 1.7+0.8
Antegrade approach 32 (63%)
Retrograde approach 19 (37%)
IVUS use 31 (61%)

300 (240-350)
45 (23.8-69.5)
3.3 (2.3-5.6)

Contrast volume (ml)
Fluro time (min)

Fluro dose (Gray)

EP group IP group p-value
(N = 15) (N =36)

0.021
3 (20%) 21 (58%)
1(7%) 3 (8%)
11 (73%) 12 (33%)
9 (60%) 22 (58%) 0.7
68 + 30 36 + 23 0.001
26+0.8 25=+1 0.5
1.7+0.6 1.7+0.8 0.7
4 (26.7%) 28 (77.8%) 0.001
11 (73.3%) 8(22.2%) 0.001
13 (86.7%) 18 (51.4%) 0.019
320 (278-388) 300 (242-350) 0.274
80 (59-83) 31 (23-69) 0.001
5.4 (3.2-6) 3(2.3-5.6) 0.065

CTO - chronic total occlusion; EP — extraplaque; IP - intraplaque; LAD - left anterior descending; LCX - left circumflex; RCA - right coronary artery.
Data represented as mean + standard deviation, median (25*"-75% percentile), or frequency (percentage) as appropriate.

Table 3 - Clinical and angiographic outcomes at the 6-month follow-up

All CTO vessels EP IP p-value
(N=51) (N = 15) (N =36)
MACE 0 0 0 -
TVF 12 (23.5%) 4 (26.6%) 8(22.2%) 0.73
Ischemia-driven TVR 8 (15.7%) 2 (13.3%) 6 (16.7%) 0.45
Discretionary optimization® 2 (25.4%) 1(6.7%) 1(2.8) 0.51

MACE - major adverse cardiovascular events, defined as death, myocardial infarction, stroke, urgent unplanned revascularization; TVF -

target vessel failure; TVR - target vessel revascularization.
Data represented as frequency (percentage).

* Including all those who met the angiographic definition, either with or without evidence of ischemia.
$Representing the operator’s decision for optimization in the absence of evidence of ischemia, for example, a malopposed segment with

60% in-stent restenosis in proximal LAD.

100 [~
80 -
[ Sensitivity: 75.0
- Specificity: 74.4
60 | Criterion: >70
40
10
0

PR R VRS | 1 1
40 60 80 100

100 - Specificity

Fig. 2 - Receiver operating curve analysis for stented-segment
length in predicting TVF by 6 months.

Discussion

EP recanalization has enabled the treatment of complex
coronary CTOs that were previously thought unmanagea-
ble by IP techniques. With the evolution of EP techniques,
the overall success rate of CTO PCl has significantly impro-
ved, extending its capabilities beyond those of traditional
IP approaches.’® However, although early EP techniques
such as STAR (Subintimal Tracking and Reentry) and LAST
(Limited Antegrade Subintimal Tracking) achieved high
procedural success, they were associated with elevated
rates of target vessel failure (TVF) over time." Apparently,
the extensive vascular injury caused by creating a channel
outside the occluded segment triggers a robust repara-
tive response, which is believed to contribute to resteno-
sis and subsequent target vessel failure (TVF).%°
Accordingly, pursuing to improve long-term patency,
advancements in the techniques and armamentarium of
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51 CTOs underwent
successful PCI

CTO length (mm)
Operator-decided

according to anatomical

characteristics J-CTO score

Retrograde approach

36 intraplaque 15 extraplaque

Fluro time (min)

Extraplaque CTO PCI Intraplaque CTO PCI p-value
68 + 30 0.001
26+0.8 0.5
11(73.3%) 8(22.2%) 0.001
80 (59-83) 31 (23-69) 0.001

Contrast volume (ml)

320 (278-388) 0.274

6-month

follow-up Total stented length (mm)

\ | 300 242-350) [}

82.2+29.9 0.003

L |

\

TVF

4 (26.6%) 8(22.2%) 0.33

Clinical, CAG

Fig. 3 - Central illustration for the study findings. CTO - chronic total occlusion; PCl - percutaneous coronary intervention.

EP CTO PClIs aimed at minimization of the trauma/injury
to the coronary vascular walls. In contemporary practice,
several studies have suggested that Stingray or R-CART
facilitated re-entry, which are characterized by limited
and controlled EP tracking, have excellent immediate and
mid-term outcomes comparable to IP procedures.?"?2 From
a clinical standpoint, there are growing concerns about
higher MACE rates with EP compared to IP recanalization,
especially following a recent meta-analysis that reported
an elevated risk of 1-year target vessel revascularization
(TVR) associated with EP CTO PCI."3

This study aimed to prospectively evaluate the differ-
ences between modern EP and IP techniques and their
respective effects on mid-term clinical and angiograph-
ic outcomes. Among the 51 CTO PCI cases analyzed, 15
were managed using EP recanalization based on specific
anatomical considerations. Compared to the IP group, pa-
tients in the EP group were older, had longer CTO lesions,
more frequently underwent retrograde approaches, and
had a higher prevalence of prior CABG. These parameters
of increased complexity in the EP group were reflected
in significantly longer procedure times and greater use of
IVUS, although the volume of contrast used was similar
between both techniques.

It is important to consider that CTOs chosen for EP re-
canalization generally have more complex anatomy and
involve longer stented segments than those treated with
the IP method. In this study, the type of revascularization
technique (EP versus IP) did not serve as a predictor for
future target vessel failure. Instead, the overall length of
the stented segment was linked to angiographically con-
firmed TVF at 6 months after the procedure.

Study limitations

This study has some limitations, including a small sample
size, single-center experience, and an unblinded design.
Therefore, a larger, multicenter study with blinding of the
recanalization technique for the cardiologists evaluating

the endpoints is warranted to minimize potential assess-
ment bias.

Conclusions

Contemporary EP techniques, which have significantly im-
proved CTO PCl success rates, are not associated with dif-
ferent rates of TVF or MACE.
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Cil: V této studii se hodnotila stabilita bézné pozivanych zplsobd korekce intervalu QT u indonéskych spor-
tovcd.
Metody: Do této prirezové studie bylo zafazeno 319 indonéskych sportovc(, u nichz byl v roce 2024 jesté
pred zahajenim konkrétni sportovni aktivity proveden screening s pouzitim EKG. Zaznamenané absolutni
hodnoty QT, intervalu RR a srdecni frekvence byly korigovany pomoci vzorcl podle Bazetta, Fridericia a Hod-
gese a vzorce z Framinghamské studie. Pro urceni zavislosti srde¢ni frekvence pomoci sklonu a hodnoty R?
byla pouzita linedrni regrese. Byla provedena srovnavaci vySetieni jedincd provozujicich vytrvalostni a ne-
vytrvalostni sporty.
Vysledky: Vétsinu sportovcl tvofili muzi (59,9 %) ve véku s medidnem 22 let a s medidnem srdecni frekvence
68 tepU/min, ktefi neprovozovali vytrvalostni sporty (74,3 %). Jako vzorec s nejstabilnéjsimi hodnotami se
ukazal byt vzorec, ktery vypracoval Fridericia (R?= 0,02916), nicméné pfi parovém srovnani se vzorci po-
dle Hodgese a z Framinghamské studie nebyl nalezen zadny statisticky vyznamny rozdil. Uvedené vzorce
se statisticky vyznamné odchylovaly od horizontalnich nulovych linii. Subanalyza ve skupiné vytrvalostnich
sportovcl prokdzala, Ze korekce s pouzitim vzorce podle Fridericia je nejstabilnéjsi a od nulovych linii se sta-
tisticky vyznamné neodchylovala (R*= 0,0002735; p = 0,88), zatimco ve skupiné jedincl provozujicich nevy-
trvalostni sporty byly vysledky podle Fridericiova vzorce méné stabilni (R?= 0,06966; p < 0,001). Stejny trend
byl pozorovan i pfi korekci s pouzitim Hodgesova vzorce a vzorce z Framinghamské studie. Parova analyza
neprokazala zadny podstatny rozdil mezi vysledky pfi pouziti vzorcli podle Fridericia a Hodgese, ani vzorce
z Framinghamské studie v obou skupinéch sportovcd.
Zaveér: Vzorec podle Fridericia se ukdzal byt nejstabilnéjsSim nastrojem pro korekci intervalu QT jak u vy-
trvalostnich, tak u nevytrvalostnich sportt, a tedy i nejvhodnéjsim vzorcem pro pouzivani u indonéskych
sportovcd.

© 2026, CKS.

ABSTRACT

Aim: This study evaluates the stability of commonly used QT interval correction among Indonesian athletes.
Methods: This cross-sectional study involved 319 Indonesian athletes undergoing pre-participation ECG
screening in 2024. Absolute QT, RR interval, and HR were extracted and corrected using Bazett, Fridericia,
Hodges, and Framingham formulas. Linear regression was performed to assess HR dependency through slo-
pe and R? value. Comparative evaluations were conducted between endurance and non-endurance sports.
Results: Most of the athletes were male (59.9%), with a median age of 22 years, a median HR of 68 bpm,
and participated in non-endurance sports (74.3%). Fridericia was the most stable formula (R?= 0.02916), yet
the pairwise comparison showed no significant difference with Hodges and Framingham. These formulas
were significantly deviated from the horizontal zero lines. Sub-analysis in the endurance group showed that
Fridericia correction was the most stable and did not significantly deviate from the zero lines (R?= 0.0002735,
p = 0.88), while the stability of the Fridericia was reduced in the non-endurance group (R?= 0.06966,
p <0.001). This trend was also observed in the Hodges and Framingham correction. The pairwise analysis
showed no substantial difference between Fridericia, Hodges, and Framingham in both groups.
Conclusion: The Fridericia demonstrated the most stable QT interval correction in both endurance and non-
-endurance sport, supporting its application for Indonesian athletes.
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Introduction

Pre-participation cardiovascular evaluation prior to com-
petitive sport participation aims to distinguish physiologi-
cal adaptations from occult pathological conditions. Such
detection is crucial to prevent the risk of sentinel events,
including sudden cardiac death (SCD)."2? The standardized
12-lead electrocardiographic (ECG) analysis is one modali-
ty in the pre-participation evaluation. Contemporary ECG
interpretation criteria enable clinicians to differentiate
benign and training-related changes from abnormalities
suggestive of cardiomyopathy, channelopathy, or other
structural cardiac disease.®> The integration of detailed
history and physical examination with ECG recording
facilitates evidence-based decisions and individualized
risk-reduction strategies to mitigate SCD during sports
participation.?

The QT interval assessment is one of the key compo-
nents in pre-participation cardiovascular screening. Pro-
longation of the QT interval is associated with long QT
syndrome and an increased risk of fatal ventricular ar-
rhythmias.* However, the QT interval varies inversely with
heart rate (HR), necessitating a standardized correction
for accurate interpretation. Correction of the QT inter-
val for HR is fundamental in clinical and sports cardiol-
ogy to detect abnormalities in the QT interval.>® Hence,
applying an appropriate QT correction formula remains
a critical component of cardiac evaluation, ensuring QT
interval measurements remain stable and reliable despite
HR fluctuations.”

One of the most widely used QT correction meth-
ods is Bazett's formula. This method was developed by
Henry Cuthbert Bazett in 1920 after analyzing ECGs from
healthy individuals.® The Bazett's formula corrects the
QT interval by dividing the measured QT interval by the
square root of the RR interval. This calculation is based
on the physiological principle that ventricular repolariza-
tion duration varies proportionally to the square root of
the preceding cardiac cycle length (RR interval). However,
Bazett's formula tends to overestimate the corrected QT
interval at higher HRs and underestimate it at lower HRs,
which reduces its diagnostic precision.®

The International Criteria for Athlete ECG Interpreta-
tion acknowledges Bazett's formula limitations at HRs
below 60 bpm and above 90 bpm.™ They recommend re-
peating the ECG acquisition after mild aerobic activity for
HRs under 50 bpm, or after a longer rest for HRs above
100 bpm, particularly when the QTc is borderline or ab-
normal. However, this recommendation is often impracti-
cal in routine athlete screening due to the large exami-
nation volume and the frequent reliance on initial ECG
results. Previous evidence suggests discontinuing the use
of Bazett's correction formula and endorses alternative
methods such as Fridericia, Hodges, and Framingham.™
A study conducted among cricket athletes has further
supported the application of the Fridericia and Hodges.?

Currently, there is no evidence or recommendation
regarding the optimal QT correction formula in the In-
donesian population, including special populations such
as athletes. Comparative analyses evaluating the stabil-
ity of commonly used QTc correction formulas in Asian
populations are limited, and data on their performance

in endurance and non-endurance sports are notably lack-
ing.”*"® Consequently, region-specific investigations are
needed to identify the most appropriate QTc correction
method for Indonesian endurance and non-endurance
athletes. Therefore, this study aims to examine the sta-
bility of the Bazett, Fridericia, Hodges, and Framingham
correction formulas across different heart rates and sport
types in Indonesian athletes.

Materials and methods

Study design and data management

This cross-sectional study involved 319 Indonesian athle-
tes who participated in the national sports events in 2024.
All athletes underwent pre-participation screening and
ECG examination from January to October 2024. All par-
ticipants consented to participate in this study by signing
the informed consent form. This study was approved by
Faculty of Medicine, Universitas Airlangga ethical commi-
ttee (Approval No. 138/EC/KEPK/FKUA/2024).

Age, sex, and sport discipline were obtained through
an interview. Endurance sport classification was deter-
mined according to the AHA Guideline.'®' Sports with
more than 75% dynamic component were classified as
endurance sports; otherwise, they were classified as non-
endurance sports. The HR, RR interval, and absolute QT
interval were extracted directly from the ECGs and inter-
preted by sports cardiologist. The ECG recordings were
obtained with participants in the supine position fol-
lowing a five-minute period of rest. All athletes were
instructed to abstain from medication use and smoking
prior to the examination. In cases of poor ECG quality,
a repeated ECG was performed. All data were recorded in
the dedicated spreadsheet for further analysis.

QT correction formula

The QT interval was defined as the duration from the be-
ginning of the QRS complex to the end of the T wave.
All of the QT intervals were corrected according to these
formulae, as used in the previous study.'® The QT interval
correction was rounded to two decimal places.

Bazett (QTcB) = QT/(RR)"?

Fridericia (QTcFrid) = QT/(RR)"3

Hodges (QTcH) = QT + 0.00175 ([60/RR]-60)
Framingham (QTcFram) = QT + 0.154 (1-RR)

Statistical analysis

All analyses were performed using Microsoft Excel 2013,
IBM SPSS version 25, and GraphPad Prism version 8. Di-
chotomous variables are expressed as percentages. Con-
tinuous variables are summarized as means and standard
deviations for normally distributed data (p-value >0.05),
and medians with interquartile ranges for non-normally
distributed data. Comparisons of dichotomous variables
were conducted using the chi-square test. Comparisons of
continuous variables were made using the independent
t-test for normally distributed data; otherwise, the Mann-
Whitney test was applied. The data distribution was asse-
ssed using the Kolmogorov-Smirnov test, with a p-value
above 0.05 indicating normal data distribution.
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Table 1 - Baseline characteristics

Variables

Male (%)
Age (years)"

Heart rate (bpm)’

QTunc (ms)*
QTcB (ms)
QTcFrid (ms)
QTcH (ms)

Total
(n=319)

191 (59.9%)
22.00 (6.00)
68 (17.00)
360.00 (40.00)
391.37 + 36.18
383.03 +31.28
384.03 + 31.02
383.45 + 30.56

Endurance Non-endurance

(n = 82) (n = 237) p-value
49 (59.8%) 142 (59.9%) 0.980
22.00 (5.00) 22.00 (6.00) 0.063
68 (21.50) 68 (15.0) 0.941
360.00 (40.00) 360.00 (40.00) 0.041*
400.66 + 36.88 388.16 + 35.46 0.007*
392.65 + 33.76 379.71 £ 29.73 0.001*
394.91 + 34.88 380.26 + 28.70 <0.001*
392.14 + 33.67 380.44 + 28.88 0.003*

QTcFram (ms)

QTcB - Bazett-corrected QT interval; QTcFram - Framingham-
-corrected QT interval; QTcFrid - Fridericia-corrected QT interval;
QTcH - Hodges-corrected QT interval; QTunc — uncorrected QT
interval.

* Statistically significant (p <0.05).

T Continuous variables are presented as median (IQR).

Table 2 - Distribution of the sports field

Sports field N =319 (100%)
82 (25.7%)
39 (12.2%)

Endurance

Boxing/Kick boxing/Muay Thai

Basketball 19 (6.0%)
Cycling 14 (4.4%)
Tennis/Soft tennis 10 (3.1%)

237 (74.3%)
95 (29.8%)

Non-Endurance

Wrestling and martial arts

Dance sport 40 (12.5%)
Rugby 24 (7.5%)
Drumband 21 (6.6%)
Pentaque 18 (5.6%)
Roller skate 11 (3.4%)
e-Sport 10 (3.1%)
Woodball 7 (2.2%)
Shooting 7 (2.2%)
Diving 4 (1.3%)

The stability of each QT correction formula towards
heart rate (HR) was evaluated through simple linear re-
gression analysis. The corrected QT interval for each for-
mula was plotted against HR. The slope and coefficient of
determination (R?) of the regression line were compared
across formulas. A positive slope indicated over-correc-
tion (QTc increases with HR), while a negative slope indi-
cated under-correction (QTc decreases with HR). The most
stable formula was identified by an R2 value close to zero.
This approach was also used to compare correction for-
mulas between endurance and non-endurance athletes.
The regression equations were tested against a horizon-

tal line (zero slope) and compared pairwise across for-
mulas using analysis of covariance (ANCOVA). A p-value
below 0.05 was considered statistically significant.

Results

Baseline characteristics

This analysis included 319 athletes. The majority were ma-
les (59.9%), with a median age of 22 years and a median
HR of 68 bpm. The sex, age, and HR were comparable
between endurance and non-endurance groups. The un-
corrected QT intervals were shorter compared to all co-
rrected QT intervals, regardless of the correction formula.
The endurance group demonstrated significantly longer
durations in all corrected QT intervals (Table 1). Although
the median and interquartile range are identical in both
endurance and non-endurance groups, the average QT
intervals were longer in the endurance group (378.78
vs 364.29 ms) with positive and higher skewness in the
endurance group (1.246 vs —0.344).

Most athletes participated in non-endurance sports
(74.4%), mainly wrestling and martial arts, followed by
dance sport and rugby. Similarly, the majority of the
endurance group consisted of boxing, kickboxing, and
Muay Thai discipline followed by basketball and cycling
(Table 2).

Stability of QT interval correction in endurance
and non-endurance sport

The uncorrected QT interval showed a negative slope
with an R? of 0.2615. In contrast, QT interval correcti-
on using Bazett, Fridericia, Hodges, and Framingham
showed positive slope with the lowest R? being QTcFrid
(0.02916), followed by QTcH and QTcFram (Table 2 and
Fig. 1). All QT intervals were significantly deviated from
the horizontal line indicating residual HR influence after
QT correction (Table 3).

An ANCOVA test revealed a significant difference
across these formulas. The pairwise comparison indicated
that the uncorrected QT interval and QTcB were differed
significantly compared to other formulas. In contrast,
pairwise comparison between QTcFrid, QTcH, and QTc-
Fram showed no significant difference (Table 4).

Subgroup analyses revealed that the correction formu-
las in the endurance sport were more stable (Fig. 1). The
QTcFrid was the most stable formula in both the endur-
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All sports ance (R?=0.0002735) and the non-endurance group (R?=
= :22: 0.06966). Interestingly, the deviation from the horizontal
E 5004 — QTuncR2=0.2615 line was not significant in endurance sport (p = 0.8828).
2 460+ QTcB R2=0.2482 Similarly, both QTcH and QTcFram exhibited greater sta-
5 420- — QTcFrid R2=0.02916 bility in the endurance group, indicated by non-signifi-
£ 380+ — QTcH R2 =0.02985 cant deviation from the horizontal line (Table 3). The
i 300 — QTcFram R2 = 0.05720 pairwise comparison also showed no significant differ-
300 ence between QTcFrid, QTcH, and QTcFram in either en-
26020 P AR s e v ey, e, durance or non-endurance group (Table 4).
Heart rate (bpm)
Endurance sport Discussion
. :Zﬁ_ — QTuncR?=0.4209 Many researchers have pr(?posed aIte_rnative correction
£ 500- QTB R2 = 0.1604 formulas to addre_ss'Befzett s shortcomlngs.' These. newer
1 460 . formulas aim to minimize HR dependency, increasing the
S 420 — Qcfrid R? = 0.0002735 accuracy and reliability of QT int I tion. The Fri-
el  QTCH R = 0.004895 uracy iability o QT interva correction. The Fri
£ = QTchram R = 0.005699 dericia formula is one of the most widely used in con-
5 ;‘;g: : — Ridramie=0. tgmp_orar_y clinical practice. It corrects t_he QT interval_by
e B dividing it by the cube root of the RR interval, reducing
20 40 60 80 100 120 140 160 HR dependency compared to Bazett’s formula. This ma-
Heart rate (bpm) thematical approach provides more accurate corrections
across a broader range of HRs.' Clinically, the Fridericia
Non-endurance sport formula is favoured in drug safety trials and cardiac risk
580 assessments because it reduces false-positive detections
’g:‘;g: — QTuncR2=0.1965 qf QT prolongation. The Us. Fg(?d and Drug Administra-
= a0 - QTcB R?=0.3033 tion (FDA) alsp endqrse.s'Frlderlaa use to improve QT in-
S e — QTcFrid R? = 0.06966 terval evaluation reliability and enhance patient safety.'
£ 380- — QTcH R2=0.09109
5340— — QTcFram R2=0.1050
300 .
260 — —— Fig. 1- QT Interval and HR according to the sport types. QTcB - Bazett-corrected QT interval;

20 40 60 80

100 120 140 160 QTcFram - Framingham-corrected QT interval; QTcFrid - Fridericia-corrected QT interval; QTcH

Heart rate (bpm)

Table 3 - Formula stability in various heart rates

Variables

All sports

QTunc

QTcB

QTcFrid

QTcH

QTcFram
Endurance sport
QTunc

QTcB

QTcFrid

QTcH

QTcFram
Non-endurance sport
Absolute QT
QTcB

QTcFrid

QTcH

QTcFram

- Hodges-corrected QT interval; QTunc — uncorrected QT interval.

Equation

Y =-1.352*X + 461.5
Y = 1.340*X + 298.7

Y =0.3970*X + 355.6
Y =0.3984*X + 356.5
Y =0.5433*X + 345.9

Y =-1.907*X + 510.8
Y =0.9493*X + 335.0
Y =-0.03589*X + 395.1
Y =-0.1569*X + 405.8
Y =0.1634*X + 380.8

Y =-1.067*X + 438.0
Y = 1.540*X + 281.7

Y =0.6188*X + 336.9
Y =0.6831*X + 333.0
Y =0.7379*X + 329.4

R? p-value? p-value®
0.2615 <0.0001*

0.2482 <0.0001*

0.02916 0.0022* <0.0001*
0.02985 0.0020*

0.05720 <0.0001*

0.4209 <0.0001*

0.1604 <0.0001*

0.0002735 0.8828 <0.0001*
0.004895 0.5322

0.005699 0.5002

0.1965 <0.0001*

0.3033 <0.0001*

0.06966 <0.0001* <0.0001*
0.09109 <0.0001*

0.1050 <0.0001*

QTcB - Bazett-corrected QT interval; QTcFram - Framingham-corrected QT interval; QTcFrid - Fridericia-corrected QT interval; QTcH - Hod-
ges-corrected QT interval; QTunc - uncorrected QT interval.
2 p-value towards horizontal lines.? p-value among the groups. * Statistically significant (p <0.05).



K. Luke et al.

283

Table 4 - Pairwise comparison between formulas

All sports

Absolute QT QTcB
Absolute QT
QTcB <0.0001*
QTcFrid <0.0001* <0.0001*
QTcH <0.0001* <0.0001*
QTcFram <0.0001* <0.0001*
Endurance sport
Absolute QT
QTcB <0.0001*
QTcFrid <0.0001* 0.0047*
QTcH <0.0001* 0.0018*
QTcFram <0.0001* 0.0230*
Non-endurance sport
Absolute QT
QTcB <0.0001*
QTcFrid <0.0001* <0.0001*
QTcH <0.0001* <0.0001*
QTcFram <0.0001* <0.0001*

QTcFrid QTcH QTcFram
0.9941

0.4131 0.4153

0.7289

0.5611 0.3581

0.7528

0.5592 0.7830

QTcB - Bazett-corrected QT interval; QTcFram - Framingham-corrected QT interval; QTcFrid - Fridericia-corrected QT interval; QTcH - Hod-

ges-corrected QT interval.
* Statistically significant (p <0.05).

Other formulas, such as Hodges and Framingham,
also offer distinct advantages for QT interval correction.
Hodges' formula reduces rate-dependent bias, particu-
larly at HRs below 60 bpm, providing moderate accuracy
with less variability than Bazett's formula. Its linear ad-
justment minimizes overcorrection during bradycardia
while preserving clinical usefulness for risk prediction.?
An early study showed that Hodges' correction was sig-
nificantly less correlated with HR than other methods,
including Fridericia, Framingham, and Bazett.?’ While the
Framingham formula was derived from a large cardio-
vascular cohort and performs well across a broad range
of HRs, it is specifically accurate in individuals with a low
body mass index.'® A comparative study of ten correction
formulas found no systematic differences between Fram-
ingham and Fridericia corrections, recommending both as
valid replacements for Bazett's formula." These formulas
enhance reliability by reducing the effect of HR on QTc
values, improving precision in risk assessment, and reduc-
ing false positives for QT prolongation.

Our findings indicate that the Fridericia correction is
the most stable among the available formulas. This find-
ing aligns with previous studies recognizing the Frideri-
cia formula as the most accurate and reliable method for
QT interval correction, particularly in athletes and young
individuals. A systematic review concluded that Frideri-
cia was the least influenced by HR variability, providing
greater consistency across a wide range of HRs.22 While
Bazett's formula tends to overestimate QTc at high rates
and underestimate it at low rates, Fridericia demon-

strates superior mathematical accuracy, making it more
suitable for research and clinical screening.' Supporting
this, a study involving 1,310 elite Australian cricketers
reported that Fridericia (R2 = 0.0007) and Hodges (R? =
0.009) outperformed Bazett (R2 = 0.32) in HR indepen-
dency, confirming the stability and applicability of the
Fridericia correction for athletic populations.?
Endurance sports exert a significant influence on car-
diac electrical activity, particularly on the QT interval.
Prolonged endurance training induces adaptive changes
in cardiac autonomic tone, reflected by increased vagal
activity, lower resting HR, and prolongation of the abso-
lute QT interval.Z Another hypothesis suggests that the
activation of stretch-activated ion channels may contrib-
ute to training-induced QT prolongation by facilitating
cation influx and prolonging the second phase of myocar-
dial action potential.?* However, when corrected for HR,
this apparent prolongation becomes less pronounced or
even absent, depending on the formula used.? Evidence
indicates that traditional correction methods, such as Ba-
zett's formula, tend to be less stable in athletes.??
Fridericia correction demonstrated superior stability
compared to other corrections in both endurance and
non-endurance sports. Notably, Fridericia, Hodges, and
Framingham corrections demonstrated the best stability
in the endurance group. Despite limited data regarding
this phenomenon, it is plausible that the lower HR in the
endurance group might be the key factor. Earlier evi-
dence showed that the Fridericia correction had the low-
est correlation coefficient in the heart rate below 60 bpm.
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While Hodges' correction outperformed the Fridericia in
the heart rate of 60-99 and >99 bpm.2! Interestingly, the
subgroup analysis on male participants showed that Frid-
ericia was the most stable correction for heart rate below
60 and 60-99 bpm. Although the comparison of HR was
not statistically significant, the distribution of data was
normal in the endurance group (p = 0.200) compared to
the non-endurance group (p = 0.035). The broader type
of sports in the non-endurance group may influence the
distribution of these data. Taken together, these factors
potentially explain the superiority of Fridericia in the en-
durance and non-endurance groups.

This study demonstrates the stability of the Fridericia
formula in both endurance and non-endurance sports for
Indonesian athletes. These findings support the previous
evidence endorsing Fridericia rather than Bazett." The lack
of a local reference value for Asian athletes leads to the
application of a Caucasian reference value for Asian ath-
letes. However, HR and ECG characteristics in Caucasian and
Southeast Asian populations are markedly different.?® Pre-
vious evidence showed that Southeast Asian athletes had
6.7% higher abnormal ECG rates compared to Caucasians.?’
Therefore, the need for local reference values is mandatory.
The current study could be the basis for developing Asian
and local Indonesian references particularly in athletes.

Nonetheless, several limitations should be acknowl-
edged. First, the sample size is relatively small compared
with a prior study involving 1,310 participants.'> Howev-
er, our sample size remains comparable to earlier studies
that enrolled 106 to 373 participants.?? Second, this study
included only a limited range of sports, predominantly
martial arts and wrestling. Finally, we are aware that
training duration and exercise type exert a significant
influence on athletes’ electrophysiologic profiles, po-
tentially affecting the results.?® However, obtaining such
data remains challenging, and previous studies have not
consistently reported this information. Future research
should improve the sample size, recruit wider variety of
sports, and account for training type and duration. In ad-
dition, developing demography-based adaptive QT in-
terval correction for the Southeast Asian and Indonesian
population could enhance the accuracy and stability of
QT interval correction for the local population.?

Conclusion

Both Fridericia and Hodges formulas are suitable for QT
interval correction in Indonesian athletes, with the Fride-
ricia formula demonstrating greater stability across endu-
rance and non-endurance sports.
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SOUHRN

Kontext: Srdec¢ni chlopert Myval™ je balon-expandabilni systém nové generace pro katetriza¢ni nahradu
aortalni chlopné (transcatheter aortic valve replacement, TAVR) vyvinuty pro pfesné provedenou implantaci
a priznivéjsi klinické vysledky. V tomto ¢lanku popisujeme nase zkusenosti s prvnimi 101 pfipady (obdobi
2022-2024), u nichz hodnotime vysledky po 30 dnech a jednom roce.
Cil: Zhodnotit bezpecnost a ucinnost systému Myval™ pro TAVR u pacient( s degenerativni aortélni stendzou (AS).
Materialy a metody: Do této monocentrické observacni studie bylo zafazeno 101 po sobé nasledujicich pa-
cientl s AS, u nichz byla v obdobi mezi lednem 2022 a lednem 2024 provedena TAVR se systémem Myval™.
Primérny vék pacientd dosahoval 76,9 + 7,0 roku; v 60 (59,4 %) pfipadech se jednalo o Zeny. Primérné
hodnoty skérovacich systému EuroSCORE Il a STS byly 4,85 + 3,91, resp. 5,84 + 4,82. Vsechny vykony se pro-
vadély femoralnim pristupem. Pacienti absolvovali echokardiografické kontrolni vysetfeni po jednom mésici
a klinické kontrolni vysetfeni po jednom roce.
Vysledky: Uspésnost vykonu byla 100 % (101/101). Pramérné délka hospitalizace byla 5,8 + 2,4 dne. Do 30
dn0 prodélali pacienti cévni mozkovou pfihodu v 1,98 % (2/101) pripadl a v 15,8 % (16/101) pfipadt byla
nutna implantace nového permanentniho kardiostimulatoru. Pfi propousténi z nemocnice byla u 10,9 %
(11/101) pacientl zjisténa mirna aortalni regurgitace a u 1,9 % (2/101) stiedné tézka aortalni regurgitace,
bez vyznamného paravalvularniho leaku. Mortalita pacientd béhem jejich pobytu v nemocnici ¢inila 2 %
(2/101), pricemz celkové mortalita do jednoho roku dosahla 6 % (6/101).
Zavér: Provedeni TAVR s pouzitim katetrizacniho systému Myval™ bylo po 30 dnech a jednom roce od vyko-
nu spojeno -z hlediska preziti, Uspésnosti a vzniku nezadoucich pfihod v souvislosti s chlopni - s vynikajicimi
vysledky; potvrzuje se tak bezpecnost a ucinnost daného vykonu pfi 1écbé degenerativni AS.

© 2026, CKS.

ABSTRACT

Background: The Myval™ transcatheter heart valve is a next-generation, balloon-expandable transcatheter
aortic valve replacement (TAVR) system designed for precise implantation and improved clinical outcomes. This
study presents our experience with the first 101 cases (2022-2024), evaluating 30-day and one-year outcomes.
Aim: To assess the safety and efficacy of the Myval™ TAVR system in patients with degenerative aortic
stenosis (AS).

Materials and methods: This single-center observational study included 101 consecutive patients with AS
who underwent TAVR with Myval™ between January 2022 and January 2024. The mean age was 76.9 + 7.0
years, and 60 (59.4%) were females. The mean EuroSCORE Il and STS score were 4.85 + 3.91 and 5.84 + 4.82,
respectively. All procedures were performed via the femoral approach. Patients underwent echocardiogra-
phic follow-up at one month and clinical follow-up at one year.

Results: The procedural success rate was 100% (101/101). The mean hospital stay was 5.8 + 2.4 days. Within
30 days, stroke occurred in 1.98% (2/101) of cases, and 15.8% (16/101) required new permanent pacemaker
implantation. At discharge, mild aortic regurgitation was observed in 10.9% (11/101) and moderate regur-
gitation in 1.9% (2/101), with no significant paravalvular leak. Intrahospital mortality was 2% (2/101), while
one-year all-cause mortality was 6% (6/101).

Conclusion: TAVR with the Myval™ transcatheter heart valve system demonstrates excellent 30-day and
one-year outcomes regarding survival, procedural success, and valve-related adverse events, supporting its
safety and efficacy in treating degenerative AS.
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e This study presents
our experience
with the first 101
cases (2022-2024),
evaluating 30-day
and one-year
outcomes.

* To assess the
safety and efficacy
of the Myval™
transcatheter aortic
valve replacement
(TAVR) system
in patients with
degenerative aortic
stenosis.

Background and aim

Materials and methods

¢ This single-center
observational
study included
one hundred and
one consecutive
patients with
aortic stenosis
who underwent
TAVR with Myval™
between January
2022 and January
2024,
The mean age was
76.9 + 7.0 years,
and 60 (59.4%)
were females.
The mean
EuroSCORE Il and
STS score were 4.85
+3.91and 5.84 +
4.82, respectively.

Conclusion

Results

* 100% procedural
success.

¢ Within 30 days:
Stroke (1.98%)
& pacemaker
implantation
(15.8%).

e At discharge,
mild aortic
regurgitation was
observed in 10.9%
and moderate
regurgitation
in 1.9% with
no significant
paravalvular leak.

¢ One-year all-cause
mortality was 6%.

TAVR with the Myval™ transcatheter heart valve system demonstrates excellent 30-day and one-year
outcomes regarding survival, procedural success, and valve-related adverse events, supporting its safety
and efficacy in treating degenerative aortic stenosis.

Introduction

Degenerative aortic stenosis (AS) is the most prevalent
valvular disorder in Western populations, contributing to
a substantial and progressively increasing disease burden
in aging individuals." Currently, no effective medical the-
rapies exist to prevent or slow the progression of AS; thus,
aortic valve (AV) replacement remains the only definitive
treatment.? Consequently, it remains the leading primary
valvular pathology necessitating surgical or transcatheter
intervention in both Europe and North America.? Clinical
guidelines advocate for surgical aortic valve replacement
(SAVR) as the preferred approach for younger patients
(<65 years according to American College of Cardiology
and <75 years according to European Society of Cardiolo-
gy), while transcatheter aortic valve replacement (TAVR)
is generally reserved for older individuals.>®

Several randomized trials in patients with inoperable,
high-, and intermediate surgical risk have led to the global
approval of various TAVR devices. Among these, two valve
types are widely used: the self-expandable valve (SEV) and
the balloon-expandable valve (BEV).5 A large propensity-
matched patient study found no significant differences in
one-year mortality or stroke rates between patients treated
with BEV or SEV.” According to a meta-analysis, paravalvular
leak is more common after TAVR with SEV compared to BEV,
and the risk of permanent pacemaker implantation (PPMI)
is also higher in the SEV group than in the BEV group.®®

Myval™ transcatheter heart valve (THV) (Meril Life
Sciences, India), which has received CE (Conformité Euro-
péenne) approval, is a next-generation balloon-expand-

able TAVR system designed for precise implantation and
improved clinical outcomes. Its safety and efficacy were
evaluated in patients with severe symptomatic native AS
atintermediate or high surgical risk.’*-'? The valve features
a tri-leaflet, decellularized bovine pericardial design with
anti-calcification treatment, mounted on a metal frame
with three evenly spaced commissural posts (Fig. 1)." The
valve incorporates a hybrid honeycomb scaffold, with
the upper frame featuring large, open-cell structures
for coronary ostia unobstruction and flow preservation,
while the lower frame uses tightly packed, close-cell hex-
agonal configurations for radial strength at the annular
base. This design facilitates precise valve placement and
ensures proper deployment.'*' The Myval BE valve offers
a broader range of sizes, including intermediate and ex-
tra-large options, enhancing flexibility in sizing to reduce
the risk of under- or over-sizing.'

In this study, we present our experience with the first
101 cases from 2022 to 2024, including 30-day outcomes
and one-year outcomes.

Materials and methods

Study design

This study is based on a single-center experience. Data
were collected retrospectively and recorded in our cen-
tralized electronic medical database as part of standard
care, allowing for real-time, online data collection. The
data collection was approved by the Local Ethics Com-
mittee (approval ID: 23262). The study was performed in
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Table 1 - Demographical variables of patients before TAVR

Age (mean = std) 76.91+7.01
Gender (female) (n/%) 60 (59.4)
Diabetes mellitus (n/%) 36 (35.6)
Hypertension (n/%) 67 (66.3)
Smoking (n%) 23 (22.8)
Coronary artery disease (n/%) 53 (52.5)
Percutaneous coronary intervention (n/%) 21 (20.8)
Coronary artery by-pass (n/%) 10 (9.9)
Mitral valve prosthesis (n/%) 2(2)
Aortic valve prosthesis (n/%) 2(2)
Bicuspid aortic valve (n/%) 3(3)
Chronic obstructive pulmonary disease (n/%) 19 (18.8)
Malignancy (n/%) 11 (10.9)
Obesity (n/%) 13 (12.9)
Cerebrovascular accidant (n/%) 5 (5)
Chronic renal disease, hemodialys (n / %) 3(3)
Pacemaker implantation, previously (n/ %) 3(3)
Heart rhythm

Sinus rhythm 71 (70.3)
Atrial fibrillation 25 (24.8)
Pace rhytm 3(3)

Right bundle branch block 4 (3.9)
Left bundle branch block 4(3.9)

STS score (mean = std) 5.84 + 4.82
EuroScore Il (mean + std) 4.85 + 3.91

accordance with the Declaration of Helsinki. All patients
gave written informed consent for the collection of their
data within the scope of scientific research.

The study included one hundred and one patients with
symptomatic severe aortic stenosis who had visited or had

been referred to the outpatient cardiology clinic of Nec-
mettin Erbakan University Faculty of Medicine between
January 2022 and January 2024. Symptomatic aortic ste-
nosis was diagnosed according to the 2021 European So-
ciety of Cardiology Guidelines for the Management of
Valvular Heart Disease.? The indication for the procedure,
prosthesis size selection, and access route were deter-
mined through a multidisciplinary approach by the local
heart team. Patients with a bicuspid aortic valve were ex-
cluded. Prior to approval for intervention with the Myval
device, all patients underwent thoracic and abdominal
aortic computed tomography angiography. The patients
were also evaluated for baseline characteristics, including
medical history, clinical examination, and electrocardio-
graphic and echocardiographic data. The baseline clinical
and echocardiographic characteristics of the study popu-
lation are shown in Table 1.

Myval™ THV device

The Myval™ THV system, a next-generation balloon-ex-
pandable device, is constructed using a nickel-cobalt alloy
(MP35N) frame, which provides optimal radial strength
and radiopacity. The valve features a hybrid honeycomb
cell structure with large open cells in the upper half (53%
of expanded frame height) and tightly packed closed cells
in the lower half (47% of expanded frame height). This
design preserves coronary flow and ensures high radial
strength at the annular base for proper valve fixation.
The tri-leaflet valve is made from decellularized bovine
pericardium and is mounted on three vertical commiss-
ural posts at the valve outflow zone. The lower closed-cell
portion of the frame is lined with an internal polyethyle-
ne terephthalate skirt, which helps minimize paravalvu-
lar leak (PVL). Additionally, the external skirt enhances
the sealing at the anchor site to further reduce PVL. The
Myval™ THYV is delivered via the Navigator™ high-flexi-
bility, over-the-wire balloon catheter system, which ena-
bles accurate deployment. Myval™ is available in a wide
range of sizes, including conventional (20, 23, 26, 29 mm),

Myval THV: Designed for Precision in Outcomes
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Internal PET sealing cuff for minimizing
PVL & puncture resistance
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Cobalt alloy frame for high radial
strength & radiopacity

AntiCa® treated bovine pericardium
tri-leaflet valve

External PET skirting to plug
microchannels & further reduce PVL

@ -20 mm, 21.5 mm, 23 mm, 24.5 mm, 26 mm, 27.5 mm, 29 mm
@-30.5 mm, 32 mm XL Sizes

Myval THV has been indigenously developed by Meril Life Sciences Pvt. Ltd.

AntiCa® - Meril’'s proprietary anti-calcification treatment technology. All Myval THV sizes are CE approved

Fig. 1 - Myval balloon-expandable transcatheter heart valve design features.’
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14Fr Python - Introducer Sheath

RO distal tip

Seamless transition from
dilator to distal tip

. iﬂ

A . . .
Compatible with all Myval THV Diameters (20 mm to 32 mm)
Sheath expands momentarily like a python swallowing its prey
Conveniently allows passage of crimped Myval THV System
( 14Fr Entry Profile, Allows Atraumatic Percutaneous Access )
High convenience for full retrievability of an un-deployed Myval THV System
Proximal port with
hemostatic valves
Counter opposing
suturing eyelets Lubricious, hydrophilic shaft coating
LI
o 30 cm usable length
Dilator
m;cgalé)sckmg 1,\_ . Convenient side port with 3-way
B Proximal stopper Crimped valve Distal stopper
v v

Navigator with Myval THV

Fig. 2 - (A) 14Fr Python - Introducer Sheath,?’ (B) Myval crimped directly on the Navigator delivery balloon system.?

intermediate (21.5, 24.5, 27.5 mm), and extra-large (30.5,
32 mm) options, ensuring optimal sizing for individu-
al patient anatomies. All sizes are compatible with a 14
Fr Python™ introducer sheath, allowing for easy retrie-
val of the undeployed valve if necessary (Fig. 2). During
fluoroscopy, the crimped hexagonal pattern of the valve
frame appears as alternating dark-light bands, facilita-
ting precise placement (Fig. 3). The Navigator™ delivery
system’s design provides flexibility for safer navigation
through the aortic arch, minimizing the risk of periproce-
dural complications (Fig. 2).

Procedural technique

The structural heart interventional team comprised two
trained operators, two nurses, a cath-lab technician, and
an anesthetist. All study participants underwent the TAVI
procedure using the Myval™ THV at a single center, fo-
llowing a standardized protocol with local anesthesia and
conscious sedation. The transfemoral approach was used
in all cases. Valve deployment was performed using rapid
pacing. The procedure was carried out in a coplanar view,
ensuring the three cusps were equidistant and aligned
in a straight line. The access site was closed using two

Fig. 3 - During fluoroscopy,
the crimped hexagonal pattern
of the valve frame appears as
alternating dark-light bands.
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Table 2 - Laboratory parameters of patients before TAVR

Creatinine (mean =+ std) 1.150.72
Glomerular filtration rate (mean = std) 65.17
Hemoglobuline (mean + std) 11.82 +1.64
Hematocrite (mean + std) 37.05 + 4.36
White blood cells (mean = std) 7.79 £ 2.37
Platelets (mean = std) 234.72 +74.32
Albumine (mean # std) 3.81 £ 0.51

1820 (87-59440)
170.17 £ 47.87

Pro-brain natriuretic peptides (median, min-max)

Total cholesterol (mean = std)

Low density lipoprotein cholesterol (mean +std) ~ 98.52 + 38.63
Triglyceride (median, min-max) 110 (60-1205)
Aspartate aminotransferase (mean =std) 20.93 + 15.63
International normalized ratio (INR) (mean £std) 1.11+0.14

Table 3 - Echocardiographic variables of patients before TAVR

Aortic valve area (mean = std) 0.76 £ 0.32
Maximal aortic valve gradient (mean = std) 79.48 + 17.84
Mean aortic valve gradient (mean = std) 48.86 + 11.07
Ejection fraction (mean + std) 52.69 £ 9.63
Systolic pulmonary artery pressure (mean +std)  43.74 + 14.71
Type of aortic valve stenosis (n/%)

¢ High flow high gradient 88 (87.1)

e Low flow low gradient 10 (9.9)

¢ Bioprosthetic valve degeneration 2(2)

¢ Paradoxical aortic stenosis 1(1)

Aortic regurgitation (n/%)

o Mild 79 (78.2)

* Moderate 12 (11.8)

* Severe 10 (9.9)
Mitral stenosis (n/%)

* None 71 (70.3)

o Mild 22 (21.8)

* Moderate 6 (5.9)

o Severe 2(1.9)

Mitral regurgitation (n/%)

* None 28 (27.72)

o Mild 50 (49.51)

¢ Moderate 20 (19.81)

o Severe 3(2.97)
Tricuspid regurgitation (n/%)

¢ None 18 (17.82)

o Mild 56 (55.44)

* Moderate 17 (16.83)

® Severe 10 (9.9)

6F vascular closure devices (Perclose ProGlide™ system,
Abbott Vascular, CA, USA).

Study endpoints and follow-up

The primary endpoint was procedural success, while se-
condary endpoints included all-cause mortality, cardio-
vascular mortality, stroke, moderate or severe paravalvu-

lar leak, and new PPMI during the hospital stay and the
first month, as defined by the Valve Academic Research
Consortium-3 (VARC-3) criteria. Hemodynamic outcomes
included aortic valve effective orifice area, mean pressu-
re gradient, and the degree of aortic valve regurgitati-
on and PVL, measured by echocardiography. Follow-up
assessments were conducted at 30 days and 1 year post-
-procedure through telephone interviews or office visits.
Transthoracic echocardiography was performed at base-
line and 30 days and 1 year after the procedure by expe-
rienced cardiologists.

Statistical analysis

Data were analyzed using SPSS (version 28.0, IBM) Con-
tinuous variables are presented as mean = standard de-
viation (SD) for normally distributed data and as median
(interquartile range) for nonparametric data. Categorical
variables are expressed as frequencies and percentages.

Results

Baseline characteristics

From 2022 to 2024, one hundred and one consecutive
patients were included in this analysis. The mean age of
the study population was 76.91 + 7.01 years, with 59.4%
being female. The most prevalent medical conditions (Ta-
ble 1) were hypertension (66.3%), coronary artery disease
(52.5%), diabetes (35.6%), and smoking history (22.8%).
Three patients had a bicuspid aortic valve. Ten patients
had a history of coronary artery bypass surgery, while
four had undergone previous valve surgery, including two
with aortic valve surgery. The mean logistic EuroSCORE I
was 4.85 + 3.91and the mean STS score was 5.84 + 4.82.
Detailed baseline clinical characteristics of the study po-
pulation are provided in Table 1.

The mean estimated glomerular filtration rate was
65.17 = 23.31 mL/min/1.73 m?, and the mean hemoglobin
level was 11.82 + 1.64 g/dL before the intervention. De-
tailed laboratory parameters are shown in Table 2.

The mean ejection fraction was 52.69 = 9.63%, and the
mean aortic valve area (AVA) was 0.76 + 0.32 cm2. The
mean pulmonary artery pressure, calculated from the tri-
cuspid jet, was 43.74 = 14.71 mmHg. Most patients had
high-gradient AS (87.1%), while 9.9% had low-flow, low-
gradient AS, and 1% had paradoxical low-flow, low-gra-
dient AS. AR was classified as mild in 78.2% of patients,
moderate in 11.8%, and severe in 9.9%. Detailed echo-
cardiographic parameters before the intervention are
shown in Table 3.

Before the intervention, 3.9% of patients had left bun-
dle branch block (LBBB), and the same percentage had
right bundle branch block (RBBB) (Table 3).

Procedural outcomes

The femoral artery was the preferred access route for
all patients. The mean valve size was 25.48 + 2.47 mm.
All procedures were performed under conscious sedati-
on, with a procedural success rate of 100%. One valve
popped out during implantation, and a second valve was
successfully implanted. Pre-dilation was performed in
9.9% of cases, while post-dilation was required in only
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Table 4 - Procedure related details and outcomes

Sizes of valves (mean = std) 25.48 + 2.47
Procedural succes (n/%) 101 (100)
Predilatation (n/%) 10 (9.9)
Postdilatation (n/%) 15 (14.85)
Aortic regurgitation (n/%)

* None 88 (87.12)

e Trivial 11 (10.89)

e Mild 2(1.91)
Maximal aortic gradient (mean + std) 14.49 + 4.32
Mean aortic gradient (mean = std) 9.95 +3.42
Ejection fraction (mean = std) 53.29 + 8.72
Hospitalization duration after procedure (mean +std) 5.78 + 2.44
Femoral access (n/%) 101 (100)
Vascular access closure devices (Proglide) (n/%) 98 (97)
Surgical, femoral cut-down (n/%) 3(2.9)
Failure of proglide, switch to surgical repair (n/%) 3 (2.9)
Pacemaker implantation during follow-up 16 (15.84)

(1 month) (n/%)

Pacemaker implantation, intrahospital period (/%) 12 (11.88)
Left bundle branch block after procedure (n/%)  10(10)
Cerebrovascular accident after procedure (n/%) 2(1.98)
Intrahospital mortality after procedure (n/%) 3(2.97)
One-year follow-up mortality 6 (6)
Pacemaker implantation during follow-up 16 (15.84)

(1 year) (n/%)

14.85% of procedures. The majority of patients (87.12%)
had no aortic regurgitation (AR), while trivial AR was ob-
served in 10.89%, and mild regurgitation in 1.91%. The
mean hospitalization duration after the procedure was
5.78 + 2.44 days. Vascular access closure devices (ProGlide)
were used successfully in 97% of cases; however, in three
patients (3%), device failure required conversion to sur-
gical repair.

Among the RBBB group, one patient developed a tri-
fascicular block after the TAVR procedure, requiring
PPMI, while another progressed to atrioventricular (AV)
block and also required a pacemaker. After the proce-
dure, LBBB occurred in 10.8% of patients. Among them,
five patients required PPMI due to a PR interval exceed-
ing 300 ms. However, six patients with post-TAVR LBBB
had normal PR intervals and electrical conduction and
were followed up without the need for a pacemaker.

Asystole was observed immediately after the proce-
dure in four patients. Among them, two underwent PPMI
immediately after the completion of the TAVR procedure,
while the remaining two underwent pacemaker implan-
tation 24 hours later due to persistent AV complete block.

For the patients with conduction abnormalities re-
quiring pacing in the last six months, the decision for
pacemaker implantation was made based on electro-
physiological study (EPS) results. In the patients with first-
degree AV block and QRS widening, pacemaker implan-

tation was performed if HV interval prolongation was
observed in intracardiac measurements. Approximately
four patients were managed with medical follow-up af-
ter EPS, and narrowing of the PR interval was observed
during follow-up. Consequently, PPMI was required in 12
patients (11.88%) before discharge.

Cerebrovascular accidents occurred in 2 patients
(1.98%) post-procedure. The in-hospital mortality rate
following the procedure was 2.97%.

The mean maximal aortic gradient after the procedure
was 14.49 + 4.32 mmHg, while the mean aortic gradient
was 9.95 + 3.42 mmHg. The mean ejection fraction was
53.29 = 8.72%. Detailed data on postprocedural out-
comes are presented in Table 4.

Clinical outcomes at 30 days and 1 year

At the 30-day follow-up, the procedural success rate re-
mained high. The incidence of new left bundle branch
block was 10.8%. PPMI was required in 15.84% of pati-
ents. When procedural rates were examined, the pace-
maker implantation rate was found to be higher in the
first 60 cases (20%, 12 patients) compared to the last 43
cases (11.6%, 5 patients). In the most recent cases requi-
ring pacing, pacemaker implantation was performed
using left bundle branch pacing.

According to the one-month echocardiographic assess-
ment, 97% of patients had no or trivial AR, while mild
regurgitation was observed in 3%. The one-year echocar-
diographic assessment showed similar results, with no sig-
nificant PVL or changes in the mean aortic gradients. The
overall 30-day mortality rate was 2.97%, with no mortal-
ity reported after discharge. One-year all-cause mortality
was observed in 6% of patients. Echocardiographic out-
comes were similar at 30 days (Table 4).

Discussion

In this prospective single-centre study, we consecutively
enrolled one hundred and one patients with native se-
vere AS who all underwent TAVR with the Myval BE val-
ve. Our principal findings are that: 1) the Myval BE valve
was associated with a 100% procedural success rate and
an acceptable rate of periprocedural complications, with
an intrahospital mortality rate of 2.97%; 2) successful
implantation of the Myval BE valve resulted in impro-
ved valve hemodynamics, with a mean maximal aortic
gradient of 14.49 + 4.32 mmHg, a mean aortic gradient
of 9.95 + 3.42 mmHg, and the absence of moderate to
severe PVL in all patients; 3) the availability of additional
valve sizes was beneficial, with a mean implanted valve
size of 25.48 + 2.47 mm; 4) the rate of new PPMI was
11.88%, and left bundle branch block occurred in 10 pa-
tient ; 5) vascular closure with the ProGlide system was
successful in 97% of cases, with three patients requiring
surgical repair.

The first TAVR in a human was performed in 2002 on
a 57-year-old patient with severe aortic stenosis, cardio-
genic shock, and significant left ventricular dysfunction
(ejection fraction of 12%). Due to multiple comorbidities
contraindicating surgical aortic valve replacement, the
patient underwent the procedure as a lifesaving inter-
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vention.'® Following this, the Edwards SAPIEN valve was
introduced, featuring a tri-leaflet bovine pericardium
valve, pretreated to minimize calcification, and mounted
on a balloon-expandable stainless-steel stent. Initially, it
was available in two sizes: 23 mm and 26 mm."” Over the
past two decades, THV technology has evolved signifi-
cantly, with newer-generation THVs incorporating small-
er delivery sheaths, improved deployment control, and
circumferential sealing cuffs to minimize complications.
According to the LANDMARK and COMPARE TAVI tri-
als, the use of Myval in patients with severe symptomatic
native AS indicated for TAVR is non-inferior.’®' As men-
tioned above, the Myval™ THV system represents the lat-
est advancement in this field, designed to further reduce
procedural complications and improve patient outcomes.

In the present study, all-cause and cardiovascular mor-
tality, as well as stroke and TIA rates, were comparable
to those reported in other real-world studies throughout
the entire follow-up period.'2'31520-22 Qnly three patients
died during the in-hospital period after TAVR, and there
were no deaths within the first 30 days following the pro-
cedure. According to a meta-analysis including 1,256 pa-
tients with the Myval valve system, the 30-day all-cause
mortality rate was 1.8%, which is similar to our experi-
ence.”

The Myval-1 study preferred and recommended bal-
loon pre-dilatation of the native aortic valve.'” However,
in our study, balloon pre-dilatation was performed in only
10 patients (9.9%). In contrast, Teoman et al. reported
balloon pre-dilatation in 44% of patients in a multi-cen-
ter study, while all patients underwent balloon pre-dilata-
tion in a single-center experience from Iraqg.'>'* Similarly,
in Argentina’s initial experience, 60% of patients received
balloon pre-dilatation.?’ Conversely, Halim et al. reported
balloon pre-dilatation in only 4.1% of patients.’> Despite
these variations, none of these studies, including ours,
observed severe paravalvular leak, and there were no sig-
nificant differences in primary outcomes among the stud-
ies.10121315 According to the DIRECTAVI trial, there was no
significant difference in outcomes between patients who
underwent balloon pre-dilatation before BEV implanta-
tion and those who did not.?* Therefore, the decision for
balloon pre-dilatation should be individualized based on
patient anatomy and aortic calcification.

According to a multi-center study involving 12,804 pa-
tients, the mean length of hospital stay during the TAVR
procedure was 7 days (5-9) in France.? In a separate study
from Japan with 1,148 patients, the mean hospital stay
was 8 days (7-9).%¢ In our study, the mean length of stay
was shorter, at 5.78 + 2.44 days. A large meta-analysis
found that, compared to general anesthesia, local anes-
thesia for TAVR can reduce hospital length of stay, proce-
dure time, and 30-day mortality rates.?” Additional analy-
ses have shown that neither mortality nor the incidence
of major adverse cardiac and cerebrovascular events after
TAVR are influenced by the choice between local anes-
thesia and general anesthesia.?® In our study, all patients
underwent TAVR under conscious sedation. Similarly, in
an Argentinian study, nearly half of the patients received
conscious sedation.?’ Importantly, there were no signifi-
cant differences in outcomes between these studies and
our study.

TAVR procedures lead to significantly more conduction
abnormalities compared to surgical AVR.? Among these,
new-onset LBBB after TAVR is the most common electrical
complication, with an incidence ranging from 13.3% to
37%.3%3" LBBB occurs more frequently with self-expand-
able prostheses than with BEVs.32 Moreover, post-TAVR
LBBB is a known risk factor for PPMI, with pre-existing
RBBB being the strongest predictor.? Other key risk fac-
tors for PPMI after TAVR include preexisting RBBB, the
use of self-expandable valves, and the depth of implan-
tation.3* In our experience, pacemaker implantation was
lower in the last 60 cases compared to the first 60 cases.
This highlights the importance of expertise.

In our study, the incidence of new-onset LBBB after the
procedure was 10.8%, which is comparable to previous
studies. The rate of PPMI during the intrahospital period
was 11.88%. In comparison, Myval experience from Iraq
reported a 6% PPMI rate, whereas Balazs et al. observed
a significantly higher rate of 30%.'>22 While the incidence
of new conduction abnormalities and pacemaker implan-
tation has declined over time, several factors still influ-
ence PPMI rates, leading to variability across studies.® In
our experience, PPMI decisions for patients with conduc-
tion abnormalities in the last six months were based on
electrophysiological study results. This represents a novel
approach to PPMI.

Most PPMI cases occur within the first five days post-
procedure; in our study, the majority of pacemaker im-
plantations were performed before discharge, consistent
with existing literature.?® At the one-month follow-up,
the pacemaker implantation rate was 15.84%, which is
higher than in some studies'>'®3” but lower than oth-
ers_13,22

Among the new generation of TAVR devices, the Myval
platform stands out as competitive in terms of both acute
and mid-term outcomes, particularly in experienced cen-
ters.’” According to studies comparing BEV, the unique
features of the Myval THV may help mitigate PVL and
reduce the need for PPMI."®” These benefits are attrib-
uted to optimized valve sizing and controlled depth of
implantation, which contribute to improved device-host
interaction.'®

The findings of the study can be summarized as follows
on graphical abstract.

In a conclusion, our single-center experience in Turkey
demonstrated that the Myval™ THV system is a safe and
effective treatment for patients with severe aortic ste-
nosis, with outcomes comparable to other transcatheter
heart valve systems. The prosthesis showed excellent pro-
cedural success, low rates of paravalvular leak, and an ac-
ceptable need for pacemaker implantation. Our findings
support the Myval THV as a reliable option, especially in
complex cases, and further studies are needed to confirm
its long-term clinical benefits.

Study limitations

This study has several limitations. First, it is a single-center
study reflecting our initial experience with the Myval THV
system, with a relatively small sample size and a short fo-
llow-up period. Therefore, we cannot provide long-term
safety and performance outcomes. Second, the observa-
tional nature of the study limits the ability to establish
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direct comparisons with other THV systems. Future large-
-scale, randomized controlled trials are essential to de-
termine whether the Myval BE valve can compete with
contemporary transcatheter heart valve systems.
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Cil: Je zndmo, Ze v patogenezi fibrilace sini hraje vyznamnou roli systémovy zanét. Familiarni stredomorska
horecka (familial Mediterranean fever, FMF) je chronické zanétlivé onemocnéni charakterizované — v obdobi
mezi akutnimi atakami — perzistentnimi zanétlivymi procesy. Tyto zanétlivé procesy pfispivaji k fibréze sini,
a mohou tak vést k poruse funkci levé siné. Cilem této studie bylo zméfit parametry deformace levé siné
u pacientl s FMF a srovnat je s hodnotami zdravych jedincd, a urcit tak vliv FMF na deformaci levé siné.
Materialy a metody: Do nasi studie bylo zafazeno 40 pacientl s FMF starsich 18 let, ktefi byli v obdobi mezi
atakami, a splrovali zafazovaci a vyfazovaci kritéria studie. Zaroven byla vytvorena kontrolni skupina 30
zdravych jedincd bez diagnézy FMF. Pii echokardiografickém vysetieni se méfily casy levé siné a hodnoty ve-
deni elektrického impulsu levou sini, provadéla se standardni klasické 2D vysetfeni, hodnotily se mechanické
funkce levé siné a méfily se hodnoty deformace levé siné.
Vysledky: Zakladni demografické parametry skupin pacientt a kontrol se statisticky vyznamné nelisily. Ve
funkci levé siné obou skupin prokazalo vyssi maximalni index objemu levé siné (maximum left atrial volume
index, LAVI__) u pacientl s FMF (p = 0,039). Analyza hodnot deformace levé siné zjistila, Ze prdmérna defor-
mace levé siné v systole (LA strain S, LA S-S) a primérna deformace levé siné v pozdni diastole (LA strain A,
LA S-A) jsou statisticky vyznamné mensi u pacientl s FMF (p = 0,008, resp. p < 0,001).
Zavér: Statisticky vyznamné vétsi elektromechanické zpozdéni a statisticky vyznamné mensi deformace levé
siné u pacientd s FMF naznacuji, ze uvedené onemocnéni by mohlo byt spojeno s poruchou funkci levé siné.
Vysetreni funkci levé siné téchto pacientt metodou ,speckle tracking” — kromé klasickych echokardiografic-
kych metod - by mohlo pfispét k monitorovani sifiovych arytmii pti uvedeném onemocnéni.

© 2026, CKS.

ABSTRACT

Objective: It is known that systemic inflammation plays a significant role in the pathogenesis of atrial fib-
rillation. Familial Mediterranean fever (FMF) is a chronic inflammatory disease characterized by persistent
inflammatory processes outside of acute attacks. This inflammatory process contributes to atrial fibrosis,
which can lead to impaired left atrial functions. The aim of this study is to investigate the left atrial defor-
mation parameters in FMF patients and compare them with healthy individuals to determine the effect of
FMF on left atrial deformation.

Materials and methods: Our study included 40 FMF patients over the age of 18 who were not in an attack
period and met the inclusion and exclusion criteria. A control group of 30 healthy individuals without FMF
diagnosis was established. Echocardiographic assessments were performed to measure atrial conduction
times, standard 2D conventional examinations, left atrial (LA) mechanical functions, and LA strain values.
Results: No significant difference was found in the baseline demographic characteristics of the patient and
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control groups. In the FMF group, a prolongation of atrial electromechanical delay times was observed
(p <0.05). When comparing the mechanical functions of the LA between the two groups, the maximum left

atrial volume index (LAVI

max’

) was found to be higher in patients with FMF (p: 0.039). The analysis of the LA

strain values revealed that the average LA strain S (LA S-S) and the average LA strain A (LA S-A) were signi-
ficantly lower in FMF patients (p: 0.008 and p <0.001, respectively).

Conclusion: The significantly higher atrial electromechanical delay times and the significantly lower LA strain
values in FMF patients suggest that this disease may be associated with impairment in LA functions. Evalua-
ting left atrial functions in these patients using speckle tracking strain method, in addition to conventional
echocardiographic techniques, may contribute to the monitoring of atrial arrhythmias in this condition.

Introduction

Familial Mediterranean fever (FMF) is an autosomal rece-
ssive systemic inflammatory disease that recurs irregularly
and is characterized by fever, peritonitis, synovitis, pleu-
ritis, pericarditis, arthritis, and skin lesions."? The clinical
and subclinical cardiovascular effects of FMF have been
demonstrated in numerous studies especially with atrial
fibrillation (AF).? Therefore, patients with FMF are also at
risk for cardiovascular involvement.*>

AF is the most prominent type of supraventricular
arrhythmias associated with high mortality and mor-
bidity. It is characterized by uncoordinated atrial acti-
vation and mechanical dysfunction due to this irregu-
larly activation.® In electrocardiography (ECG), instead
of regular P waves, small, irregular fibrillation waves
with different shapes and amplitudes are seen on the
isoelectric line.”® With the remodeling which occurs
in the atria, the atrial conduction time is prolonged,
and thus the length of the reentry wavelets becomes
shorter and more waves are formed. Previous studies
have shown that the increase in interatrial conduction
time is correlated with the frequency of AF, and the
importance of interatrial conduction disorder in the
onset and chronicity of AF has been indicated.*™ In ad-
dition, it is known that systemic inflammation plays an
important role in the pathogenesis of AF."" Although
FMF is a disease that progresses in attacks, it is known
that inflammation continues in the non-attack period.*
The prolongation of the chronic inflammatory process
which presents in FMF patients, may contribute to atrial
fibrosis, leading to a prolongation of atrial activation
time. It has been previously shown that FMF disease
causes atrial electromechanical conduction disorders
and rhythm abnormalities.*>

P wave duration and P wave dispersion (PWD) analysis
in ECG, are methods that can be used to evaluate atrial
conductions.' PWD values of 40 ms and above are indica-
tive for deterioration of sinus impulse distribution, and
it has been determined that, an increase in this time pre-
dicts the development of AF.">'* Atrial conduction times
measured by echocardiography, may provide important
clues about arrhythmogenic substrate changes which pre-
dispose AF to become chronicity.' The electromechanical
delay was evaluated with this method in patients with
paroxysmal AF and it was shown to be prolonged. In
additionally interatrial conduction delay times was found
higher in FMF patients.®

Strain echocardiography is a noninvasive cardiac im-
aging method based on the tissue Doppler principle. In

recent years, speckle-tracking echocardiography has be-
come a preferred technique instead of tissue Doppler-
based strain imaging."”'® With this method, the strain
value can be calculated by monitoring the small echo-in-
tensity points in a region in systole and diastole, frame by
frame, and by measuring the distance change between
them. Strain echocardiography is also used to evaluate
left atrial functions. The relationship between AF recur-
rence, atrial fibrosis and strain was shown in previous
studies.®?

There are no studies in the literature evaluating atri-
al electromechanical parameters and left atrial func-
tions in FMF patients using the speckle tracking strain
method. Our study aims to determine the effects of
FMF on left atrial deformation by evaluating the left
atrial deformation parameters of patients who are not
in the attack period and comparing them with healthy
individuals.

Materials and methods

Patients over the age of 18, who were not in the attack
period and did not meet the exclusion criteria, were inclu-
ded in our study. The control group was selected from
healthy individuals who voluntarily participated in the
study and were not diagnosed with FMF. Patients with
hypertension, diabetes mellitus, hyperlipidemia, coronary
artery disease, any rhythm other than sinus rhythm, other
autoimmune or inflammatory diseases, collagen tissue
disorders, thyroid dysfunction, presence of active infecti-
on, anemia, severe valve disease, chronic obstructive pul-
monary disease, renal or hepatic dysfunction, electrolyte
imbalance, proteinuria or known amyloidosis, left ven-
tricular ejection fraction below 50% or segmental wall
motion disorder, primary cardiomyopathy, bundle branch
block or atrioventricular conduction disorder, pericarditis,
and history of cardioversion were excluded from the stu-
dy. Pregnant women were not included in the study. All
of the patients were under the colchicine treatment. In
addition, patients using antiarrhythmic, antidepressant,
antipsychotic, and antihistamine drugs were excluded
from the study.

Ethical committee

Our study is a prospective research study that was con-
ducted according to the ethical standards of the Declara-
tion of Helsinki, and approved by the Institutional Ethics
Committee. Verbal and written consent was obtained
from each individual.
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Evaluation of atrial conduction times using
electrocardiography

The ECGs of the patients were obtained in the supine
position with a 12-lead ECG device (Nihon Kohden Cor-
poration, ECG-1350K) in our clinic. ECGs were recorded
at a recording speed of 50 mm/s and an amplitude of 20
mm/mV. Participants were allowed to breathe normally
while recordings were taken, and they were not allowed
to hold their breath and speak. The measurement values
were calculated by taking the average of the 3 waves,
examined in each lead.

Transthoracic echocardiographic evaluation
Echocardiography was performed by the same physician
on all of the patient and control groups, by using GE-
-Ving Med Vivid 7 system (GE-Vingmed Ultrasound AS,
Horten, Norway) ultrasound device and 4S (1.5-4 MHz)
probe. Measurements were made in the left lateral de-
cubitus position, accompanied by electrocardiographic
rhythm monitoring connected to the device. Standard
2-D echocardiography, M-mode echocardiography, and
Doppler methods-related standard conventional exa-
minations were performed from the apical and paras-
ternal windows following the recommendations of the
American Society of Echocardiography, and the relevant
parameters were calculated according to the guideli-
nes.202! Systolic and diastolic functions of the left ven-
tricle were evaluated. The M-mode method was used
to calculate posterior wall thickness, interventricular
septum thickness, left ventricular end-diastolic diameter
(LVEDd), and left ventricular end-systolic diameter (LVE-
Sd). Left ventricular ejection fraction (LVEF) was calcu-
lated by biplane Simpson’s method. The heart rates of
the patients were recorded. Left ventricular mass (LVM)
was calculated using the Penn Convention formula. Left
ventricular mass index (LVMI) was calculated by dividing
left ventricular mass by body surface area (calculated by
Mosteller’'s formula). For standardization, all measure-
ments were taken by holding their breath at the end of
expiration.

Evaluation of atrial conduction times

by transthoracic echocardiography

Tissue Doppler imaging (TDI) data were obtained in the
apical 4-chamber window, by placing the pulse wave
Doppler marker coaxially with the direction of movement
in the mitral septal, mitral lateral, and tricuspid lateral
annulus. Measurements were performed by the reco-
mmendations of the American Society of Echocardiogra-
phy. The velocities and systolic times of the mitral lateral,
mitral septal, and tricuspid lateral annular basal segments
of the participants were calculated and recorded. Simul-
taneously, the time interval from the onset of the P wave
in the rhythm trace to the onset of the late diastolic
flow (A" wave) (called atrial electromechanical junction,
PA) was obtained from the mitral lateral annulus, mit-
ral septal annulus, and tricuspid annulus and named as
PA lateral, PA septum, and PA tricuspid, respectively. The
difference between PA lateral and PA tricuspid (PA late-
ral-PA tricuspid) was named inter-atrial conduction delay
time, the difference between PA septum and PA tricuspid
(PA septum-PA tricuspid) as intra-right atrial conduction

delay time, difference between PA lateral and PA septal
(PA lateral-PA septal) as intra-left atrial conduction delay
time.

Evaluation of left atrial functions

by transthoracic echocardiography

Left atrial volumes were calculated using the two-plane
area-length formula in apical 4 and 2 chamber imaging.
Left atrial maximum volume (V__) was calculated at the
end of systole just before the mitral valve opening, left
atrial minimum volume (V__ ) at the end of diastole, when
the mitral valve is fully closed, and left atrial presystolic
volume (V) at the beginning of atrial systole (beginning
of p wave in ECG).

Left atrial emptying functions were calculated as follows:

Left atrial total emptying volume (LATEV):V__ -V

Left atrial total emptying fraction (LATEF) = (LATEV/V__) x 100
Left atrial passive emptying volume (LAPEV) =V __ - Vp

Left atrial passive emptying fraction (LAPEF) = (LAPEV/V__) x 100
Left atrial active discharge volume (LAAEV) = V-V,

Left atrial active discharge fraction (LAAEF) = (LAAEV / Vp) x 100
Left atrial expansion index = (LATEV/V__ ) x 100

The images taken at the beginning of p wave with
3 cycles in the apical 4 and 2 chambers were analyzed
with the program called Echopac PC, Version 8, GE
Healthcare, and a 2D speckle-tracking echocardio-
graphic examination was performed in 6 segments.
Left atrial endocardial margins were scanned manually
at the end of atrial contraction, the epicardial and mid-
myocardial borders were automatically determined by
the program, and the region of interest (ROI) was ad-
justed to include the entire myocardial wall. The qual-
ity of the obtained image trace was checked by the de-
vice and if there was more than one segment out of 6
segments that did not comply with the quality, the pro-
cess was repeated. Images with the insufficient image
quality of more than one segment were not analyzed.
Automatically calculated left atrial strain S (LA S-S), left
atrial strain E (LA S-E) and left atrial strain A (LA S-A)
values were recorded. The averages of the left atrial
strain values obtained in the apical 4 and 2 chambers
and calculated by the device were taken.

Statistical analysis

Descriptive statistics are presented with mean, percen-
tage, and standard deviation values. Fisher’s exact test
or Pearson chi-square test was used to analyze the re-
lationships between categorical variables. The Shapiro-
Wilks test was used to control the assumption of nor-
mality since the sample size in the group was less than
50. In the analysis of the difference between the mea-
surement values of the two groups, the Mann-Whitney
U test was used when the distribution of the data did
not fit the normal distribution, and the Student’s t-test
was used when it did. P values less than 0.05 were con-
sidered statistically significant. According to the power
analysis (alfa error: 0.05, power: 0.8, effect size: 0.6), 68
patients (32 per group) had found to be enough for the
study. Analyzes were made with the SPSS 22.0 package
program.
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Table 1 - Baseline characteristics, laboratory parameters,

and conventional echocardiographic findings of the patients
and control groups

FMF patients Control group

Variables (n = 40) (n = 30) p-value
Baseline characteristics

Age (year) 33.10 £ 11,32 33.9+ 10.91 0.656
Male, n (%) 24 (60) 19 (63.3) 0.777
BSA (m?) 1.77 £ 0.21 1.85+0.19 0.114
BMI (kg/m?) 23.57 +3.82 25.16 + 3.65 0.085
;’;Ztszﬂ:eb(';ﬁ_'g) 11925+9.02  118+8.15 0.590
Er'zz:&'r': (br'n°n‘1’gg) 7387+6.14  71£6.87 0.086
Heart rate (bpm) 72.27 £ 8.47 76.1 £ 9.81 0.106
Smoke, n (%) 16 (40) 12 (40) 0.922

Laboratory parameters

Hemoglobin (g/dL)  14.19 = 1.40 14.39 + 1.35 0.484
WBC (pL) 7.408 £ 2.129 7.296 = 1.818 0.863
PLT (1) e A L
Creatinine (mg/dL) 0.78 £0.14 0.77 £ 0.14 0.980
ALT (UL) 26.72 + 16.89 22.06 + 9.08 0.376
Conventional echocardiographic findings

LA (mm) 34.27 +3.84 33.5+2.68 0.349
LVDD (mm) 44.07 = 2.75 46.33 +4.42 0.011
LVSD (mm) 26.87 + 2.65 27.60 + 3.76 0.348
EF Simpson (%) 69.2 + 4.84 71.8 +6.31 0.055
IVS (mm) 8.97 +0.94 9.3+0.95 0.155
PW (mm) 8.95 + 1.06 8.9+ 1.06 0.882
LVMI (g/m?) 90.25 + 12.14 96.03 + 17.31 0.105
FS (%) 39.37 +4.08 40.53 +5.04 0.442
Mitral E (m/s) 0.76 £ 0.12 0.79 £0.13 0.406
Mitral A (m/s) 0.64 £0.13 0.62 +£0.10 0.713
Mitral E/A 1.24 + 0.084 1.30 £ 0.072 0.347
EDt (ms) 242.97 +51.77  212.06 +39.00  0.008
IVRT (ms) 86.20 + 9.45 75.76 + 8.98 <0.001
MPI (%) 0.56 + 0.08 0.50 + 0.06 0.002
Mitral E/E’ 5.90 + 1.27 5.65 + 1.29 0.409

ALT - alanine transaminase; BMI — body mass index; BSA — body
surface area; CRP - C-reactive protein; E' — mitral lateral and septal
annulus mean tissue doppler velocities; EDt - E wave deceleration
time; EF - ejection fraction; ESR - erythrocyte sedimentation rate;
FS — fractional shortening; IVRT - isovolemic relaxation time; IVS
- interventricular septum thickness; LA - left atrium; LVDD - left
ventricle diastolic diameter; LVMI - left ventricular mass index;
LVSD - left ventricle systolic diameter; MPI - myocardial perfor-
mance index; PW - posterior wall thickness; SAA - serum amyloid
A; WBC - white blood cell.

Bold data indicate statistical significance.

Results

A total of 40 FMF patients, 24 males, and 16 females, be-
tween the ages of 18-61 years, and a total of 30 healthy
individuals, 19 males, and 11 females, aged 19-60 years
were included in the study. The baseline demographic, la-

Table 2 - Left atrial function and mechanics in patients

and control group

FMF patients  Control group value
(n = 40) (n = 30) L
LAVl (cm?/mL) 2020+455 1834511  0.039
LAV (cm¥/mL) 789:274  681:247  0.094
LAV, (cm¥/mL) 1321+368 11162281  0.110
LA total emptying 1231£322  1152+39  0.188
volume index (mL/m?)
LA passive emptying g9 305 718+330  0.805
volume index (mL/m2)
LAactiveemplying (g 3q,53)  434+176  0.007
volume index (mL/m?)
LA total emptying 0.611£009  0624%010 0578
fraction (%)
LA passive emptying 305012 0381:010  0.193
fraction (%)
LAactiveemptying 440,012 0392013 0819

fraction (%)

LA expansion index 172.52 +66.18 190 £ 100.35 0.384

LA - left atrium, LAVI - maximal left atrial volume index, LAVI__
- minimal left atrial volume index; LAVIp— left atrial volume index
before atrial contraction.

Bold data indicate statistical significance.

Table 3 - Atrial electromechanical delay times of the patient

and control groups

FMF patients  Control group

(n = 40) (n = 30) pvalue
Inter-atrial PA (ms) 24.62 + 8.60 12.60 + 2.58 <0.001
Left atrial PA (ms) 14.72 + 6.15 6.70 + 2.18 <0.001
Right atrial PA (ms) 9.9 +5.24 5.90 + 1.78 0.003

PA - time interval from the beginning of the P wave to the
beginning of the late diastolic current, atrial electromechanical
coupling.

Bold data indicate statistical significance.

Table 4 - LA strain values of patients and control group

Variables (Fr?’l: z);l)tients ::no :t;?); group p-value
LA S-S 39.67 + 10.47 49.79 + 15.86 0.008
LA S-E 22.43 +7.38 24.91 + 8.38 0.138
LA S-A 17.21 +5.03 24.88 +9.24 <0.001

LA S-A - left atrial strain A; LA S-E - left atrial strain E; LA S-S - left
atrial strain S.
Bold data indicate statistical significance.
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Fig. 1 - Assessment of left atrial functions by 2D speckle tracking method.

boratory, and conventional echocardiographic data of the
patient and control groups are shown in Table 1. No sig-
nificant difference was found in baseline characteristics.
Only isovolemic relaxation time (IVRT), myocardial perfor-
mance index (MPI), and E wave deceleration time (EDt)
were found statistically higher than the control group (p
<0.05).

When the LA mechanical functions of both groups
were compared, it was seen that LAVI__ was found to be
higher in patients with FMF (p: 0.039), but other mechani-
cal function parameters were found to be similar (LAVI__,
LAVIp, emptying fractions and expansion index) (Table 2).

Atrial electromechanical conductions times of the both
group were compared. Inter-atrial, left atrial and right

atrial PA times were found to be statistically longer in FMF
group (p <0.001) (Table 3).

The LA strain values of the groups were examined and
it was observed that the LA S-S mean and LA S-A mean
were significantly lower in FMF patients (p: 0.008, p
<0.001, respectively). There were no differences between
the groups for the LA S-E mean parameter (Table 4, Fig. 2).

Discussion

Our study has some findings. Isovolemic relaxation time
(IVRT), myocardial performance index (MPI), and E wave de-
celeration time (EDt) were found statistically higher in pati-

80.00| 1.A-s-s LA-S-S, p: 0.008 50

LA-S-E
56

70.00 33 404 a7

o
60.00
30+
50.00
20+
40.00
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20.00 0

LA-SE, p:0.138 5o

LA-S-A LA-S-A, p <0.001
40
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Fig. 2 - LA strain results of patients and control group. LA S-A -

left atrial strain A; LA S-E -

FMF Control FMF

left atrial strain E; LA S-S - left atrial strain S.
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ent group. LAVI__ was found to be higher in patients with
FMF. Inter-atrial, left atrial, and right atrial PA times were
found to be longer in patient group. Finally, LA S-S mean
and LA S-A mean were significantly lower in FMF patients.

FMF can affect many organs in the whole body. The
most important complication is cardio-renal failure sec-
ondary to amyloidosis. Restrictive cardiomyopathy, con-
gestive heart failure, and conduction anomalies can be
seen in patients with FMF cardiac involvement.>? The
most common form of cardiac involvement is pericarditis.
In our study, this finding was not found in any of the pa-
tients. The reason for this may be that the patients were
examined during the non-attack period and they were all
under colchicine treatment.

In 2D echocardiography, the first parameters exam-
ined in terms of atrial and ventricular functions are con-
ventional parameters. Prolongation of E wave decelera-
tion time and isovolumic relaxation time are indicators
of impaired diastolic functions. The elevation in the myo-
cardial performance index is a quantitative indicator of
worsening ventricular function (both systolic and diastol-
ic). In a study left ventricular functions were evaluated in
FMF patients, no difference was found in conventional
echocardiographic parameters in FMF patients compared
to the control group.?® In another studies, left ventricular
myocardial performance index, early diastolic transmi-
tral flow (E), and tricuspid E flow were lower in the FMF
group compared to the control group. In addition, right
ventricular MPI was found to be significantly increased
in the patient group.?** When conventional echocar-
diographic findings of the groups were compared in our
study, E wave deceleration time, isovolumic relaxation
time, and myocardial performance index were found to
be higher in the FMF group. Additionally, the 2D echocar-
diography findings of both groups were compared and
no difference was found between the two groups.

Although FMF is a disease that progresses in attacks
and it is known that systemic inflammation continues
in the attack-free period.1 This increased inflammatory
state may contribute to atrial fibrosis, leading to prolon-
gation of atrial activation time and may lead to the de-
velopment of atrial dysrhythmias. Atrial electromechani-
cal conduction time may give us important clues about
arrhythmogenic substrate changes that predispose to the
chronicity of AF. The atrial electromechanical delay has
been evaluated previously in patients with paroxysmal AF
and it was shown to be prolonged.® In our study, atrial
electromechanical delay time data were compared in
both groups, it was found that interatrial and intraatrial
electromechanical delay times were significantly longer
in FMF patients. In a previous study, interatrial and in-
traatrial electromechanical delay times were found to
be significantly longer in the FMF group, similar to our
results, and it was stated that this might be due to struc-
tural and electrophysiological changes in the atrial myo-
cardium.> In another study, pediatric patients with FMF
and the control group were compared, and similar to
our study, the atrial electromechanical delay times were
found to be significantly longer in the FMF group.?

In our study, it was observed that the left atrial maximum
volume increased in FMF patients. This may be due to an in-
crease in left ventricular filling pressure (due to systolic and

diastolic dysfunction). This increase in volume may cause left
atrial enlargement, resulting in decreased left atrial compli-
ance, decreased atrial storage, and contractile function over
time. No significant difference was found between the two
groups in other volumetric parameters. The fact that there
is no difference in the conventional values calculated in this
way may be insufficient to exclude cardiovascular involve-
ment. This result can also show us the need for a new meth-
od to detect the atrial deformation probability.

Left atrial deformation parameters such as left atrial
reservoir and contraction strain values were found to be
significantly lower in the FMF group. Although the strain
value indicating atrial conduction function was less in
the FMF group, this difference was not statistically sig-
nificant. In the literature, no previous study on this sub-
ject has been found in the FMF group. The compensatory
increase in atrial contraction function, which occurs in
conditions with decreased left atrial reservoir and con-
duction functions, such as hypertension and old age, ob-
served in previous studies, could also be expected in our
study. However, in our study, atrial contraction function
was found to be decreased compared to passive conduc-
tion function. The inflammatory process in FMF, primar-
ily may affect the atrial myocardium and contraction
function more. We did not find any significant finding
in the correlation analysis of these deformation param-
eters with the conventional echocardiography findings.
We thought that the reason for this result may be due to
the small number of our patients, the inaccessibility of all
genetic markers, and the lack of advanced tests such as
cardiac magnetic resonance imaging which shows cardiac
amyloidosis and atrial fibrosis.

Although left atrial reservoir and pump functions were
found to be significantly reduced, left atrial conduit func-
tion was not significantly impaired. During ventricular sys-
tole and early diastole, active contraction is not observed
in either atrium. In the reservoir phase of the left atrium,
left atrial enlargement is seen, indicating filling from the
pulmonary veins into the left atrium. The left atrium pas-
sively empties during ventricular relaxation, functioning
as a conduction pathway during early ventricular diastole.
Atrial functions during this period are significantly influ-
enced by the compliance of the left ventricle. Although we
attribute this finding to the left atrium acting as a conduit
during early ventricular relaxation, it is not possible to es-
tablish this relationship with certainty.

Limitation

Although our study is prospective, the main limitations are
the small number of patients and the lack of long-term
follow-up of the patients. Other limitations include mag-
netic resonance imaging or biopsy to demonstrate cardiac
amyloidosis and atrial fibrosis, as well as the absence of
24-hour rhythm holter analysis to detect paroxysmal AF.

Conclusion

FMF is a chronic, inflammatory disease and this inflamma-
tory process continues in the non-attack period. Higher
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atrial electromechanical delay times and lower LA strain
values may indicate that these patients might be at risk
for the development of AF. In addition, it seems possible
that atrial deformation, which has not yet been detec-
ted by conventional echocardiographic methods, can be
detected in these patients in the early period with the
speckle-tracking strain method. As a result of this, we be-
lieve that in addition to periodic cardiological and echo-
cardiographic examinations, left atrial deformation pa-
rameters may contribute to suspected patients who will
require further cardiac evaluation in early period.
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Ciel: Studia bola zamerana na hodnotenie $trukturélnych a funkénych parametrov lavého srdca u pacien-
tov s aktivnou akromegaliou s vyuzitim 2D echokardiografie a postdenie ich vztahu s aktivitou a trvanim
akromegélie.
Metodika: Prospektivne bolo vysetrenych 80 pacientov s aktivnou akromegdliou (aAP) (48 Zien, 32 muzov)
a 80 zdravych kontrol (53 Zien, 27 muzov) zodpovedajucich veku, pohlaviu a BMI.
Vysledky: Hypertrofia lavej komory (LK) bola pritomna u 70 % pacientov s aktivnou akromegéliou. Hmot-
nost LK (LVM) bola signifikantne vadsia u aAP v porovnani so zdravymi kontrolami (index LVM [LVMI]: 143,5
+50,5 g/m? vs 83 + 16 g/m?, p < 0,001). Potvrdili sme pozitivnu koreldciu medzi LVM a aktivitou akromega-
lie. LVM pozitivne korelovalo s koncentraciami inzulinu podobného rastového faktora 1 (IGF-1) (R = 0,642,
p < 0,001) ako aj koncentraciami rastového horménu (RH) (R = 0,337, p = 0,017). Naproti tomu sme nepre-
ukazali signifikantnu suvislost medzi trvanim ochorenia a LVM. Hoci rozdiel vo velkosti LK medzi skupinou
aAP a zdravymi kontrolami nedosiahol $tatistick vyznamnost, u pacientov s aAP bol pritomny trend k véc-
sej velkosti LK. U aAP boli pritomné zvacsenie lavej predsiene s predominantne diastolickou dysfunkciou
1. stupna (93,8 %) pri nizkej prevalencii systolickej dysfunkcie.
Zaver: Nasa studia preukazala vyssiu prevalenciu strukturalnych a funkcnych zmien lavého srdca u pacientov s ak-
romegdliou, ktoré korelovali s aktivitou ochorenia, nie vsak s jeho trvanim. Nase vysledky poukazuju na vyznam
vasnej diagnostiky a liecby akromegdlie s cielom prevencie akromegaliou indukovanych kardialnych zmien.

© 2026, CKS.

ABSTRACT

Objective: This study aimed to assess structural and functional parameters of the left heart in patients with active
acromegaly using 2D echocardiography and to evaluate their relationship with disease activity and duration.
Methods: A prospective study was performed in 80 patients with active acromegaly (aAP) (48 women,
32 men) and 80 healthy controls (53 women, 27 men) matched for age, sex, and BMI.

Results: Left ventricular hypertrophy (LVH) was present in 70% of patients with active acromegaly. Left
ventricular mass (LVM) was significantly higher in aAP compared to healthy controls (LV mass index [LVMI]:
143,5 £ 50,5 g/m2 vs. 83 + 16 g/m?, p <0.001). A positive correlation was observed between LVM and acrome-
galy activity. LVM correlated positively with insulin-like growth factor 1 (IGF-1) levels (R = 0,642, p <0,001)
and growth hormone (GH) levels (R = 0,337, p = 0,017). No significant association was found between dis-
ease duration and LVM. Although the difference in left ventricular size between aAP and controls did not
reach statistical significance, a trend toward larger LV dimensions was observed in aAP. Patients with aAP
also exhibited left atrial enlargement and predominantly grade 1 diastolic dysfunction (93,8%) with a low
prevalence of systolic dysfunction.

Conclusion: Our study demonstrates a higher prevalence of structural and functional left heart changes in
patients with acromegaly, which correlate with disease activity but not duration. These findings highlight
the importance of early diagnosis and effective treatment of acromegaly to prevent acromegaly-induced
cardiac alterations.
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Uvod

Akromegalia je zriedkavé ochorenie vznikajice v 99 %
na podklade adendmu hypofyzy, ktoré je charakterizo-
vané hypersekréciou rastového hormoénu (RH) / inzulinu
podobného rastového faktora 1 (IGF-1)." Kardiovaskular-
ne (KVS) ochorenia su najcastejSimi sprievodnymi ocho-
reniami u pacientov s akromegdliou a zaroveri hlavnou
pri¢cinou smrti.2®> Medzi najcastejSie KVS komplikacie
patria artériovd hypertenzia (AH), ateroskleréza, ische-
mickd choroba srdca, hypertrofia septa, dysfunkcia lavej
komory, valvulopatie, arytmie a endotelovd dysfunkcia.*
Okrem toho bola pri akromegalii popisand aj Specificka
kardiomyopatia (AKM)." AKM sa vyznacuje hypertrofiou
lavej komory a diastolickou dysfunkciou, ktoré moézu
postupne viest k poruche systolickej funkcie.® V patoge-
néze KVS ochoreni sa uplatfiuje priamy u¢inok RH/IGF-1
na myokard, ktory vedie ku vzniku hypertrofie lavej ko-
mory, zvysuje kontraktilitu myokardu a ovplyvriuje influx
vapnika do kardiomyocytov. RH/IGF-1 maju aj nepriamy
vplyv na srdce, a to prostrednictvom reguldcie odporu
periférnych ciev.? Hlavnymi predisponujucimi faktormi
pre rozvoj AH a srdcovych abnormalit u akromegalie su
trvanie hypersekrécie RH/IGF-1, vek a hodnota indexu
telesnej hmotnosti (BMI).2 KVS komorbidity u pacientov
s akromegaliou vyznamne zvy3uju morbiditu a mortali-
tu. K zvySenej mortalite na KVS ochorenia u akromegalie
prispievaju aj sprievodné ochorenia (diabetes mellitus,
dyslipidémia a syndrom spankového apnoe). V sticasnosti
umrtnost na akromegaliu klesa vdaka castejSiemu vyuzi-
vaniu neurochirurgie, vyvoju novych ucinnych liecebnych
metdd a zvysenému pouzivaniu radiochirurgie v posled-
nych rokoch.® Najnovsie Studie potvrdili, Ze désledna
kontrola hladin RH/IGF-1 znizuje riziko umrtnosti.”* Po
ucinnej liecbe su srdcové abnormality pri akromegalii re-
verzibilné, najma u mladsich pacientov s kratkym trvanim
ochorenia a kontrolovanymi koncentraciami RH/IGF-1.1%-12
Akromegalia sa rozvija pomaly, ¢o vedie k oneskorenej
diagnostike, zvycajne po 8-10 rokoch.'” Preto je vcasna
diagnostika a skord liecba akromegdlie nevyhnutna na
prevenciu KVS poskodenia.*

Cielom studie bolo posudenie morfologickych
a funkcnych parametrov lavostrannych srdcovych dutin
pomocou 2D echokardiografie u pacientov s aktivnou
akromegaliou v porovnani so zdravymi kontrolami zod-
povedajucimi veku, pohlaviu a BMI. Druhotnym cielom
bolo postdenie vzajomnych vztahov medzi morfolégiou
lavej predsiene a komory, funkciou lavej komory a aktivi-
tou/trvanim akromegalie.

Material a metodika

Do suboru bolo zaradenych 80 pacientov s akromegaliou
(48 zien a 32 muzov) a 80 zdravych probandov (53 Zien
a 27 muzov) zodpovedajucich pohlaviu, veku a BMI, ktori
tvorili kontrolnu skupinu. Studia bola realizovana v Na-
rodnom endokrinologickom a diabetologickom ustave
v Lubochni od septembra 2017 do aprila 2024. Studia bola
vykonana v zhode s Helsinskou deklaraciou z roku 1975
(a jej reviziou z roku 2000). Kazdy proband studie dob-
rovolne podpisal informovany suhlas s ucastou na studii.

Kritéria zaradenia pre aAP boli nasledovné:

¢ Pacienti s pritomnostou akromegalie. Diagnéza bola
stanovena na zaklade kritérii: koncentracia RH > 1 pg/l
pocas ordlneho glukézového toleran¢ného testu (oGTT)
pred zacatim akejkolvek liecby, koncentrécia IGF-1 pre-
sahujuca referencny rozsah pre dany vek a pohlavie
a pritomnost hypofyzdrneho adenému na magnetickej
rezonancii (MR)."

¢ Aktivna akromegalia u pacientov s akromegaliou po pred-
chadzajucej liecbe bola definovana ako: zvysené koncent-
racie IGF-1 nad referen¢ny rozsah pre dany vek a pohlavie,
nahodna koncentracia RH > 1 pg/l a najnizdia namerana
koncentracia RH pocas oGTT (nadir) > 0,4 pg/l."

Kontrolnu skupinu tvorili zdravi probandi zodpoveda-
juci pohlaviu, veku a BMI, bez pritomnosti akromegdlie
(hodnotené na zaklade normalnych hodnot IGF-1).

Exkluzivne kritéria pre obe skupiny:

e Anamnéza ischemickej choroby srdca, infarktu myokar-
du alebo mozgovej prihody, chlopriové ochorenie I1.-IV.
stupria, anamnéza plucnej embdlie, EFLK < 50 %, pe-
riférne arteridlne ochorenie, chronické zlyhavanie obli-
Ciek alebo chronicka obstrukéna choroba pluc.

Laboratdrne vysetrenia

U vietkych probandov boli realizované laboratérne vyse-
trenia: RH, IGF-1, hormény hypofyzy, krvny obraz, krea-
tinin, peceriové parametre, lipidogram, glykémia nalac-
no, inzulin, glykovany hemoglobin. Krvné vzorky boli
odoberané po no¢nom hladovani, medzi 7.00-8.00 h.
Koncentracie IGF-1 a RH v sére boli hodnotené pomocou
chemiluminiscencie (Immulite 2000, Siemens Healthcare
Diagnostics Products Ltd., United Kingdom). Variacia me-
dzi testami variability (CV) bola pre IGF-1 medzi 3,0-7,6 %
a pre RH medzi 6,5-6,6 %. Normalna koncentracia RH
v sére bola 5 ng/ml. Normdlny rozsah IGF-1 bol upraveny
vzhladom na pohlavie a vek.

Klinické vysetrenia

U vsetkych subjektov boli realizované antropometrické
vysSetrenia pozostavajuce z merania telesnej hmotnosti
(kg), telesnej vysky (cm) a vypoctu BMI. Plocha povrchu
tela (BSA) bola vypocitana pomocou Mostellerovho vzor-
ca BSA = (((vyska v cm) x (hmotnost v kg)) / 3 600 .6 Krv-
ny tlak sa meral po 5-mindtovom klude pomocou Omron
M5-I. Artériova hypertenzia bola diagnostikovana podla
doporuceni Eurdpskej hypertenziologickej spolo¢nosti."”

Echokardiografia

Vsetci probandi podstupili 2D echokardiografické vyse-
trenie pomocou Vivid 9 (Horten, Norsko). Echokardio-
grafia bola realizovana vo vsetkych Standardnych zob-
razeniach. Hodnotenymi parametrami boli: indexovany
objem lavej predsiene (LAVI), koncovy diastolicky rozmer
lavej komory (LVEDd), koncovy diastolicky rozmer pravej
komory (RVEDd), hrubka medzikomorového septa v dia-
stole (IVSDd), hrubka zadnej steny v diastole (PWDd),
ejekcna frakcia lavej komory (LVEF), systolicky posun tri-
kuspidalneho prstenca (TAPSE), diastolicka funkcia LK:
v€asnd plniaca vrcholovd rychlost E, neskora vrcholova
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rychlost v ¢ase predsieriovej systoly A, pomer E/A, pomer
E/E". Hmotnost lavej komory (LVM) sa vypocitala pomo-
cou vzorca Deveroux a Reichek.”™ LVM bola indexovana
na plochu povrchu tela (BSA) (LVMI), pricom hypertrofia
LK bola definovana ako hmotnostny index lavej komory
(LVMI) > 115 g/m? u muzov a > 95 g/m? u Zien.

Statistické metddy

Vietky Statistické analyzy boli realizované s pouzitim IBM
SPSS verzie 25 (IBM SPSS Statistics, IBM Corporation, IL,
USA). Kvantitativne premenné su vyjadrené ako pocet
merani, priemer a = Standardna odchylka (SD). Katego-
rické udaje su prezentované ako cisla a percentd. Porov-
nania medzi skupinami boli realizované pomocou Stu-
dentovych t-testov alebo Mannovych-Whitneyho testov,
v zavislosti od distribucie normality Studovaného paramet-
ra. Kritérium Statistickej vyznamnosti bolo p < 0,05.

Vysledky

Do studie bolo zaradenych 80 pacientov s aktivnou akro-
megaliou (aAP) (48 Zien a 32 muzov) a 80 zdravych pro-
bandov (53 zien a 27 muzov) zodpovedajucich pohlaviu,
veku a BMI, ktori predstavovali kontrolnu skupinu. Prie-

merny vek bol u aAP 54,5 + 11 rokov, u kontrol 56 + 10
rokov. Zakladné charakteristiky aAP a kontrolnej skupiny
su zhrnuté v tabulke 1.

Porovnanie sledovanych parametrov medzi
pacientami s aktivnou akromegaliou a zdravymi
kontrolami

U aAP bola priemerna sérovad koncentracia IGF-1 468,5
ng/ml a RH 6,12 ng/ml. Sérové koncentracie RH a IGF-1
boli signifikantne vyssie u aAP v porovnani s kontrolami
(tabulka 1). Nebol pritomny statisticky vyznamny rozdiel
medzi BSA, BMI medzi aAP a kontrolnou skupinou (ta-
bulka 1). Hmotnost lavej komory (LVM) bola signifikant-
ne vadiia u aAP v porovnani s kontrolami (LVM: 296 + 122 g
vs 159 + 28 g, p < 0,001) (tabulka 2). Prevalencia hyper-
trofie LK bola pritomna u 70 % pacientov s akromega-
liou. U aAP bolo pritomné zvacsenie lavej predsiene LAVI
(38,6 vs 29,1 ml/m?, p < 0,001) (tabulka 2). Nepotvrdili sme
Statisticky rozdiel v systolickej funkcii medzi skupinami,
avsak v parametroch diastolickej funkcie, hodnotenych
pomermi E/E a E/A, boli zistené signifikantné rozdiely (ta-
bulka 2). Hoci rozdiel vo velkosti LK medzi skupinou aAP
a zdravymi kontrolami nedosiahol statisticki vyznamno-
st, u pacientov s aAP bol pritomny trend k vacsej velkosti
LK (tabulka 2). Potvrdili sme vyssiu prevalenciu AH u aAP

Tabulka 1 - Zakladna charakteristika suboru

Charakteristika Pacienti s akromegaliou (AP) Kontrolny stibor (KON) Porovnanie AP s KON
(n =80) (n = 80) p-hodnota

Pohlavie (M/Z) 32/48 27/53 -

Trvanie ochorenia (roky) 65 - -

Vek v case studie (roky) 54,5 + 11 56 + 10 NS

RH (ng/ml) 6,12 £7,23 0,27 £0,19 < 0,001

IGF-1 (ng/ml) 468,5 + 221,5 135 + 39 < 0,001

Kreatinin (umol/l) 72 +20 73+15 NS

Celkovy cholesterol (mmol/l) 5,06 + 1,09 5,28 + 0,89 NS

LDL (mmol/l) 3,14 + 1,08 361,11 NS

HDL (mmol/l) 1,44+ 0,6 1,52 + 0,46 NS

Triacylglyceroly (mmo/I) 1,68 + 0,97 1,64 + 1,25 NS

Artériové hypertenzia (%) 55 % 19 % < 0,001

Systolicky TK (mm Hg) 124,8 £ 9,7 122,4 + 11,7 NS

Diastolicky TK (mm Hg) 79,8 +9,1 77,1+£9,7 NS

BSA - povrch tela (m?) 2,03+ 0,26 1,93 £ 0,23 NS

BMI (kg/m?) 316 305 NS

Liecba — vietci pacienti s akromegaliou

Novodiagnostikovani (bez liecby) 27

Chirurgicky zakrok 42

Len SSA (somatostatinové analégy) 37

SSA + pegvisomant 14

SSA + kabergolin 2

Rédioterapia 24

Déta su prezentované ako priemer = Standardnd odchylka (SD) a percenta.

Kritérium Statistickej vyznamnosti * p < 0,05
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Tabulka 2 - Echokardiografické parametre

Charakteristika Pacienti s akromegaliou (AP)
(n = 80)
LAVI (ml/m?) 38,672
LVEDd (mm) 52,4 £6,7
RVEDd (mm) 33,0+3,2
IVSDd (mm) 13,3+2
PWDd (mm) 12,65+ 1,5
LVM (g) 296 + 122
LVMI (g/m?) 143,5 + 50,5
LVH (%) 70 %
LVEF (%) 59+5
E/E’ 10,97 + 3,26
E/A 0,92+0,3
TAPSE (mm) 223+28
Valvolopatie (%) 52,5

Kontrolny subor (KON) Porovnanie AP vs. KON
(n = 80) p-hodnota
29,1+6,1 < 0,001
48,5+ 2,2 0,058
31,4+23 NS

10,1 +1,0 < 0,001
95+1,0 < 0,001
159 + 28 < 0,001
83+ 16 < 0,001

18 % < 0,001
573 NS
9,2+3,11 0,003
1,15+ 0,3 0,001
22,5+ 1,1 NS

10 < 0,001

Diastolicka funkcia LK: v¢asna plniaca vrcholova rychlost E, neskord vrcholova rychlost v ¢ase predsieriovej systoly A, E/A — pomer E/E’,
IVSDd - hrubka medzikomorového septa v diastole; LAVI - indexovany objem lavej predsiene; LVEDd - koncovy diastolicky rozmer lavej
komory; LVEF - ejek¢né frakcia lavej komory; LVM - hmotnost lavej komory; LVMI - LVM indexovana na plochu povrchu tela;

PWDd - hrubka zadnej steny v diastole; RVEDd - koncovy diastolicky rozmer pravej komory; TAPSE - systolicky posun trikuspidalneho

prstenca.

Data su prezentované ako priemer + Standardna odchylka (SD) a percentd

Kritérium Statistickej vyznamnosti * p < 0,05

Tabulka 3 - Korelacné analyzy

RH (ng/ml) IGF-1 (ng/ml)
LAVI (ml/m?) NS R =0,282
p = 0,040
LVEDd (mm) NS NS
IVSDd (mm) R=0,312 R =0,644
p=0,021 p < 0,001
PWDd (mm) NS R =0,291
p =0,034
LVM (g) R=0,337 R= 0,642
p=0,017 p < 0,001
LVEF (%) NS NS

Trvanie ochorenia BMI (kg/m?) BSA (m?)
NS R =0,303 R =0,603
p=0,028 p < 0,001
NS R = 0,547 R = 0,586
p < 0,001 p < 0,001
NS R=0,434 R =0,399
p =0,001 p=0,003
NS R =0,369 R =0,300
p = 0,006 p=0,029
NS R =0,540 R= 0,576
p < 0,001 p < 0,001
NS R=0,324 NS
p =0,032

IVSDd - hrubka medzikomorového septa v diastole; LAVI - indexovany objem lavej predsiene; LVEDd - koncovy diastolicky rozmer lavej
komory; LVM - hmotnost lavej komory, LVEF - ejek¢nd frakcia lavej komory; PWDd - hribka zadnej steny v diastole.

v porovnani so zdravymi kontrolami (55 vs. 19 %, p <
0,001), pricom nebol potvrdeny Statisticky vyznamny roz-
diel medzi hodnotami systolického a diastolického TK (TK
bol dobre kontrolovany).

Asocidcia medzi trvanim/aktivitou akromegalie,
antropometrickymi parametrami a vybranymi
echokardiografickymi parametrami u pacientov

s aktivnou akromegaliou

U pacientov s akromegaliou sme zachytili trend k pozitiv-
nej korelacii medzi koncentraciami IGF-1 a BMI (R = 0,236,
p = 0,083). Koncentracia IGF-1 pozitivne korelovala s BSA

(R = 0,496, p < 0,001). Potvrdili sme pozitivhu korelaciu
medzi koncentraciami IGF-1 a LVM (R = 0,642, p < 0,001)
ako aj medzi koncentraciami RH a LVM (R = 0,337, p =
0,017) (tabulka 3). Nepotvrdili sme korelaciu medzi trva-
nim akromegdlie a LVM. LVM pozitivne korelovala s BSA
(R =0,576, p < 0,001) ako aj s BMI (R = 0,540, p < 0,001)
(tabulka 3). Sérové koncentracie IGF-1, BMI, BSA pozitiv-
ne korelovali s indexom objemu lavej predsiene (LAVI),
IVSD a PWD (vsetky p < 0,05) (tabulka 3). Potvrdili sme
pozitivnu korelaciu medzi BMI, BSA a LVEDd (p < 0,05)
(tabulka 3). S LVEF pozitivne korelovalo BMI. V nasej ana-
lyze sme nezistili Ziadne korelacie medzi vekom, krvnym
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tlakom a Strukturdlnymi ani funkénymi parametrami la-
vého srdca.

Diskusia

Kardiovaskularne ochorenia su najcastejSou komorbidi-
tou u pacientov s akromegaliou.' Spektrum KVS komorbi-
dit pri akromegalii je Siroké — od AH aZ po akromegalicku
kardiomyopatiu. Pritomnost ktorejkolvek z nich v case
diagnostiky znamend vyrazné zvysenie rizika umrtia."
Odhaduje sa, Ze u 20 — 78 % pacientov s akromegaliou
vznikd hypertrofia lavej komory (LVH).""1° V/ klinickej
praxi je 2D transtorakalna echokardiografia (TTE) najpo-
uzivanejSou metédou na hodnotenie hmotnosti lavej ko-
mory (LVM). U akromegalie zohrdvaju délezitu ulohu pri
rozvoji KVS ochoreni — aktivita a trvanie ochorenia, AH,
vek a BML."™ Viaceré pitevné studie potvrdili vyssi vyskyt
LVH, myokardialnej fibrézy a infarktu myokardu u pa-
cientov s akromegdliou.??' Taktiez v klinickych studiach
s pouzitim 2D TTE bola potvrdend zvysena prevalencia
LVH a diastolickej dysfunkcie u AP.*>2? Novsie studie zried-
kavo opisuju u pacientov s akromegaliou progresiu do
manifestnej systolickej dysfunkcie (< 3% pacientov).?

Presna prevalencia réznych srdcovych abnormalit pri
akromegalii zostdva nejasnd a je predmetom dalsich vy-
skumov. U akromegdlie je popisovana charakteristicka
biventrikuldrna hypertrofia.® V nasej studii sme nepo-
tvrdili signifikantny rozdiel vo velkosti lavej a pravej ko-
mory medzi pacientami s akromegaliou a zdravou kon-
trolnou skupinou, avsak u pacientov s aAP bol pritomny
trend k vaciej velkosti LK. Vysledky studii naznacuju, ze
nie je rozdiel vo velkosti LK, PK a hrubke steny PK medzi
pacientami s akromegaliou a zdravou populaciou.??’
V nasej studii bola prevalencia LVH u aAP 70 %, prevazne
koncentrickd (89,4 %), pricom LVM/LVMI boli vyznamne
vyssie u aAP nez u kontrol. Tieto zistenia su v sulade
s vysledkami viacerych predchadzajucich studii.?®?°
Naopak, niektoré prace uvadzaju nizsi vyskyt hypertro-
fie lavej komory pri akromegalii.?*3' Rizikové faktory
hypertrofie LK u pacientov s akromegaliou su stéle
nejednoznacné. V retrospektivnej studii u 205 pacientov
s aktivnou akromegaliou bola potvrdena dlzka trvania
ochorenia hlavnym rizikovym faktorom vzniku kardio-
myopatie (KMP).32 Okrem nich sa v multivaria¢nej analyze
preukdzali AH a koncentracie IGF-1 dominantnymi de-
terminantmi pre hypertrofiu LK u akromegalie.?® V nasej
studii LVM pozitivne korelovala s koncentraciami RH/IGF-1,
ale nie s trvanim akromegalie. Nase zistenia poukazuju
na vyznam RH/IGF-1 v patogenéze hypertrofie LK u ak-
romegalie. Hodnotili sme aj vplyv parametrov telesného
zlozenia na morfolégiu LK. Nepotvrdili sme vyznamny
rozdiel v BMI a BSA medzi pacientami s akromegdliou
v porovnani s kontrolami. U pacientov s aktivnou ak-
romegaliou bola pritomna pozitivha koreldcia medzi
BMI, BSA a LVM. Recentné studie u zdravych dospelych
preukazali na pozitivnu koreldciu BMI a LVM nezavisle
od AH.3*V studii Guo s kolektivom zistili, Ze zvySené BMI
je nezavislym rizikovym faktorom aj pri akromegalickej
KMP.#

Nasa studia zistila vyssi vyskyt zvacsenia lavej predsiene
a diastolickej dysfunkcie u aAP v porovnani s kontrolami,

bez vyznamnych rozdielov v systolickej funkcii lavej ko-
mory. Nie je zrejmé, i zvac3enie lavej predsiene vyplyva
priamo z hypertrofie LK a zhor3enej diastolickej funkcie,
alebo zo zvysenej expresie RH receptorov v kardiomyocy-
toch.3 Diastolicka dysfunkcia bola pritomna u 68,9 % pa-
cientovs akromegaliou, u 93,8 % z nich bola pritomna dia-
stolickd dysfunkcia 1. stupria. Systolickd dysfunkcia bola
pritomna len u 3,75 % aAP. U akromegalie je Casty vyskyt
diastolickej dysfunkcie, ktord je viak mierna, bez klinic-
kych nasledkov. Jej progresia do systolickej dysfunkcie
bola v recentnych $tudidch popisovana len zriedkavo.3

Zaver

Kardidlne zmeny predstavuju jednu z najvyznamnejsich
systémovych komplikacii akromegalie, preto sme sa v nasej
studii zamerali na zhodnotenie strukturdinych a funkcnych
parametrov lavého srdca. Zistili sme, Ze u pacientov s akro-
megdliou sa v porovnani so zdravou populdciou castejsie
vyskytuje hypertrofia lavej komory. Vysledky naznacuju, ze
rozvoj tejto hypertrofie Uzko suvisi s aktivitou ochorenia.
Nepotvrdili sme Statisticky vyznamny rozdiel vo velkosti
lavej komory medzi pacientmi s akromegaliou a zdravymi
probandami. Napriek tomu sa u pacientov s akromegaliou
Castejsie pozorovalo zvacienie lavej predsiene a porucha
diastolickej funkcie s nizkou prevalenciou systolickej dys-
funkcie. Nase vysledky poukazuju na to, Ze u pacientov
s akromegaliou sa kardidlne zmeny rozvijaju v zavislosti od
aktivity ochorenia a mézu byt ovplyvnitelné v¢asnou liec-
bou zameranou na normalizaciu koncentracii RH/IGF-1.

Silné stranky a limitacie studie

merne velky pocet pacientov s aktivnou akromegaliou. Li-
mitaciou Studie je, Ze niektoré doélezité echokardiografické
parametre, ako napriklad strain kvantifikacia, neboli hod-
notené, kedZe v prvych rokoch tejto studie neboli dostupné.
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SOUHRN

Uvod a cile: Arytmogenni prolaps mitralni chlopné (AMVP) piedstavuje zavaznou podskupinu jinak ¢astého
prolapsu mitraIni chlopné spojenou se zvysenym rizikem malignich komorovych arytmii a nahlé srde¢ni smrti
(SCD). Cilem nasi retrospektivni analyzy byla evaluace dosud navrzené rizikové stratifikace a ovéreni vypo-
védni hodnoty zatéZového EKG a genetické diagnostiky v odhadu rizika.
Pacienti a metody: Dle platnych diagnostickych kritérii jsme identifikovali celkem 24 pacientl (18 Zzen a 6
muzd, prdmérny vék pfi stanoveni diagndzy 45 + 11 let) sledovanych v Kardiocentru IKEM. Pacienti byli
vySetieni pomoci klidového a ndmahového EKG, holterovského EKG, echokardiografie a magnetické rezo-
nance. VSem byla poskytnuta klinickogeneticka konzultace a provedeno molekuldrnégenetické vysetieni po
ziskani informovaného souhlasu.
Vysledky: Dvanact pacientl prodélalo srdecni zastavu, z toho jedna Zena zemfela. Jedenact pacientd ma
implantovany ICD v sekundarni prevenci. Devét pacientd mélo invazivni terapii komorovych arytmii. Mole-
kuldrnégenetické vysetieni prokazalo P/LP DNA variantu v genu pro titin (TTN) u 2/24 jedinc(. Po vyhodno-
ceni nalezd dle doporucené rizikové stratifikace nebyl zZadny ukazatel statisticky signifikantni, tendence se
projevila v pfipadé pritomnosti MAD/pseudo MAD (18/24, 75 %, p = 0,649). Nové nad rdmec dosavadnich
platnych doporuceni se v nasi kohorté ukazal jako mozny prediktor vyskyt komorovych extrasystol pfi nama-
ze a bezprostifedné po namaze.
Zavér: Odhad rizika zivot ohrozujicich arytmii u AMVP déle z(stdva problematicky, ale pfitomnost MAD/
pseudoMAD a komorovych extrasystol pfi namahovém EKG se zdd4 jako nejvyznamnéjsi v nasi kohorté.
S ohledem na vzacnost onemocnéni navrhujeme vytvoreni narodniho registru AMVP s moznosti ziskani
silnéjsich dat specifickych pro ¢eskou populaci.

© 2026, CKS

ABSTRACT

Introduction and objectives: Arrhythmogenic mitral valve prolapse (AMVP) represents a serious subgroup of
otherwise common mitral valve prolapse associated with an increased risk of malignant ventricular arrhy-
thmias and sudden cardiac death (SCD). The aim of our retrospective analysis was to evaluate the previously
proposed risk stratification and to verify the predictive value of stress ECG and genetic diagnostics in risk
assessment.

Patients and methods: According to the valid diagnostic criteria, we identified a total of 24 patients (18
women and 6 men, average age at diagnosis 45 + 11 years) monitored at the IKEM Cardiocenter. Patients
were examined using resting and exercise ECG, Holter ECG, echocardiography, and magnetic resonance
imaging. All patients received clinical and genetic counseling and underwent molecular genetic testing after
providing informed consent.

Results: Twelve patients suffered cardiac arrest, of whom one woman died. Eleven patients have an implan-
ted ICD for secondary prevention. Nine patients underwent invasive therapy for ventricular arrhythmias.
Molecular genetic testing revealed a P/LP DNA variant in the titin (TTN) gene in 2/24 individuals. After
evaluating the findings according to the recommended risk stratification, no indicator was statistically signi-
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ficant, but a tendency was observed in the presence of MAD/pseudo MAD (18/24, 75%, p 0.649). Beyond the
scope of current recommendations, the occurrence of ventricular extrasystoles during and immediately after
exercise proved to be a possible predictor in our cohort.

Conclusion: Estimating the risk of life-threatening arrhythmias in AMVP remains problematic, but the pre-
sence of MAD/pseudo MAD and ventricular extrasystoles on exercise ECG seems to be the most significant
in our cohort. Given the rarity of the disease, we propose the creation of a national AMVP registry with the
possibility of obtaining stronger data specific to the Czech population.

Uvod

Prolaps mitralni chlopné (MVP) predstavuje jednu z nej-
Castéjsich chlopennich abnormalit s prevalenci odhadova-
nou na 2-3 % v obecné populaci.”? Je definovan jako sy-
stolické vyklenuti jednoho ¢i obou ciptd mitrdini chlopné
do levé siné o vice nez 2 mm nad rovinu mitralniho anulu.
Rozdélujeme zakladni dva typy — prolaps pfi myxomatéz-
ni prestavbé chlopné (M. Barlow — ztlustélé cipy s jejich
elongaci, nizsi riziko ruptury papilarnich svall) ¢i fibro-
elastické dysplazii (ztencené cipy s vy3sim rizikem ruptury
papilarnich svald).

MVP mUze byt soucasti syndromickych onemocnéni
pojivové tkané, zejména Marfanova ¢i Loeysova-Dietzo-
va syndromu. Nesyndromické familiarni formy MVP jsou
nejcastéji autosomalné dominantné ¢i X-vazané dédéné
a byly u nich identifikovany kauzalni mutace v genech
FLNA, DCHS1 a DZIP1.34

Tradi¢né byl MVP povazovan za benigni, prevdzné
asymptomatické onemocnéni, ¢asto zjiStované ndhodné
pfi rutinnim transtorakalnim echokardiografickém vyset-
feni (TTE).2

V posledni dekadé byla identifikovéna specificka pod-
skupina pacientd s vyssim rizikem komorovych arytmii
a nahlé srde¢ni smrti (SCD), Casto bez pritomnosti jinych
kardiovaskularnich rizikovych faktord.>> Hovofi se v tom-
to pfipadé o tzv. arytmogennim prolapsu mitrdlni chlop-
né (AMVP). Poznatky z rlznych observacnich studii, pitev-
nich nalezl a pokrocilych zobrazovacich metod prokazaly
souvislost MVP s arytmogennim fenotypem, zejména
u mladsich pacientt a Zzen stfedniho véku.® Patofyziologie
AMVP je multifaktoridlni a zahrnuje mechanické, struktu-
rélni a elektrofyziologické abnormality.

Jednou z velmi castych morfologickych charakteristik
muze byt i pfitomnost mitralni anuldrni disjunkce (MAD)
¢i pseudoMAD.” Jedna se o separaci zadniho mitralniho
anulu od myokardu levé komory v priibéhu celého srdec-
niho cyklu, respektive v pfipadé pseudoMAD zdanlivym
systolickym oddalenim zplsobenym vyklenutim zadni-
ho cipu ke sténé levé siné. MAD narusuje fyziologickou
dynamiku anulu béhem systoly a vyvolavd abnormal-
ni mechanické zatiZzeni pfilehlého myokardu, coz muze
vést k lokalnimu poskozeni, remodelaci a rozvoji fibrézy
v tomto misté.® Dalsim rizikovym znakem je nadmérna po-
hyblivost a redundance cipll, zejména pfi prolapsu obou
cipq, kdy dochazi k chronickému mechanickému pretizeni
papildrnich svald a sousedniho myokardu. Tento proces
rovnéz podporuje vznik fibrézy, ktera narusuje integri-
tu elektrického vedeni myokardem a vytvari potencidlni
arytmogenni substrat.®

Arytmogenni fenotyp predstavuje méné castou, ale
Zivot ohrozujici formu onemocnéni.” Studie ukazuji, ze

u prezivsich neobjasnéné nahlé srdec¢ni zastavy (SCA)
muze byt AMVP az u 7 %." Vy33i arytmické riziko maji
pacienti v pfitomnosti MVP s prolapsem obou cipt ¢i je-
jich vyraznou redundanci ¢ myxomatézni prestavbou
chlopné v kombinaci s MAD, nicméné to nemusi byt vzdy
pravidlem. Nezanedbatelnd je i vyznamnost mitralni re-
gurgitace. Nejcastéjsimi arytmiemi jsou komorové extra-
systoly (KES), které casto vychazeji z oblasti papilarnich
svalt a v nékterych pripadech u predisponujicich jedincu
mohou vyvolat zdvazné komorové tachykardie (VT) ¢i fib-
rilaci komor (FK) vedouci k SCD."*"3

Diagnostika AMVP zahrnuje pfitomnost MVP (bez
nebo s MAD/pseudoMAD), pfitomnost ¢etné komorové
ektopie (> 5 % ve 24 hodin EKG zdznamu) nebo komplex-
ni komorové arytmie (nsVT, VT, VF) pfi vylouceni jiného
arytmogenniho substratu.” Metodou prvni volby zUstava
TTE, nicméné jicnovd echokardiografie (TEE) poskytuje
lepsi vizualizaci slozitych morfologickych nalezud. Za zmin-
ku stoji i tzv. Pickelhaube sign, ktery je charakterizovan
ostrym a rychlym systolickym spikem laterdIniho mitral-
niho anulu pfi pouziti dopplerovské echokardiografie
a jeho pritomnost je dle dalSich studii spojena s vy$sim
rizikem komorovych arytmii.'* Magneticka rezonance srd-
ce (dale jen CMR) s pozdnim sycenim gadoliniem (LGE) je
naprosto krucidlni pro detekci fibréozy, lokalizované nej-
Castéji vinferobazalni sténé levé komory, pricemz pritom-
nost LGE koreluje s vyssim vyskytem arytmickych pfihod.
Zaroveri ndm tato metoda dobre zobrazi s vyssi pfesnosti
pfitomnost MAD. K dalsi stratifikaci rizika se doporucuje
monitorovani srde¢niho rytmu (holter, implantabilni loop
rekordéry) ¢i EKG zmén (napf. inverze T vin ve spodnich
svodech) (obr. 1).

Dle dalSich pozorovani Ize u AMVP diagnostikovat
v klidovém EKG prodlouzeni intervalu QTc, takze néktefri
pacienti byli pdvodné léceni pro syndrom dlouhého inter-
valu QTc (LQT), na zakladé tohoto faktu se jako mozna
medikamentézni |é¢ba u AMVP zvazuje poddavani nese-
lektivnich betablokatord, které predstavuji zakladni pilite
terapie LQTs."

V soucasnosti viak neexistuje validované rizikové skére
pro predikci Zivot ohroZujicich arytmii u pacientd s AMVP.
Terapeutické strategie se proto individualizuji dle riziko-
vého profilu. Zahrnuji farmakologickou a nefarmakolo-
gickou lé¢bu véetné katetrizacni ablace a v indikovanych
pfipadech i implantaci kardioverteru-defibrilatoru (ICD).
Pfesna identifikace pacient(, ktefi by z téch invazivnich
intervenci profitovali, zGstava vyzvou k dalsimu vyzkumu,
ktery by mél zacilit na hlubsi porozuméni patofyziologie
onemocnéni, tvorbu presnéjsich predikénich modell a na
vyvoj cilenych terapeutickych pfistupl s cilem snizit riziko
malignich arytmii a SCD u pacientt s MVP."'* Dosud plati
doporuceni evropské kardiologické spolec¢nosti (ESC), kdy
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PACIENTI S PROLAPSEM MITRALNi CHLOPNE

Klinicky obraz | Asymptomaticti | | Palpi- * -
Vvietieni Pravidelné
y holterovské EKG
Fenotypové rizikové faktory:
Inverze vin T v dolnich svodech,
polymorfni komorové extrasystoly, M fni Pol fni
MAD, redundantni cipy mitralni onc\)/?or " ° y\n/'l_F)r n
chlopné, zvétsend leva sin,
EF LK <50 %, LGE v
L - g '
Zadny Nékolik Vicecetné
a/nebo synkopa v
Monomorfni Vyznamnd mitralni | Kontrola ICD |
Lécba VT regurgitace v
v Ano Ne VT navozend
fyzickou zatézi
Vvetieni Epizos Kardiochi ICD v
Setreni i . 3 -
y monito zakrok | Ablace/AAD |

Lécba | STRATIFIKACE

Obr. 1 - Arytmicky prolaps mitralni chlopné (AMVP) a doporuceny vysetfovaci postup.! AAD - antiarytmika; ILR — implantabilni monitoro-
vaci jednotka; MAD - mitralni anularni disjunkce; VT - komorova tachykardie.

se riziko odhaduje na zakladé arytmii subjektivné, déle
dle pohlavi, TTE parametrl, holterovské EKG monitorace
a klidového EKG.!

Aktualné neni presné objasnéna role genetického
vysetieni'® a ndmahového EKG v stratifikaci rizika Zivot
ohroZzujicich arytmii u AMVP. Soucasné chybi evidence,
zda korekce chlopenni vady riziko malignich arytmii sni-
Zuje.

Cilem nasi studie je retrospektivni analyza souboru pa-
cientld s AMVP v nasem centru s ohledem na navrzené ri-
zikové skére a hodnoceni jeho efektivity v ¢eské kohorté.

Pacienti a metody

Prezentujeme retrospektivni studii nepfibuznych 24 pa-
cientl (18 zen, 6 muzl, pramérny vék pfi stanoveni dg.
45 + 11 let), kde byla stanovena diagnéza AMVP dle sou-
¢asnych doporuceni ESC (Sabbagh et al. 2022).! Vsichni
pacienti jsou v péci Kliniky kardiologie IKEM.
Demografickd data v€etné osobni a rodinné anamnézy
byla ziskana od viech pacientd. Kardiologické vysetfeni
bylo provedeno pomoci klidového EKG, TTE a holterov-
ského EKG u vsech jedinca. Jako pozitivni znak inverze
v inferiornich svodech byly hodnoceny pouze v pfipa-
dech, kdy negativni T vina byla soucasné ve svodech II,

lll, aVF. CMR pomoci ,cine” zobrazeni, T1/T2 mapovani
a LGE bylo provedeno u 22/24 (92 %) pacientd. Bicyklo-
vé zatézové EKG podstoupilo 19/24 (79 %) pacienta dle
protokolu WHO 50 (tabulka 1). VSichni z naseho soubo-
ru podstoupili klinickogenetickou konzultaci a nasledné
molekuldrnégenetické vysetfeni po ziskani jejich infor-
movaného souhlasu. Vsem byl nabidnut kaskadovy rodin-
ny screening, jeho vyhodnoceni ale neni pfedmétem této
publikace.

Genomovda DNA byla extrahovdna ze vzork( krve po-
moci automatizovaného extraktoru nukleovych kyselin
MagCore HF16 Plus (RBC Bioscience, Tchaj-wan) a kvan-
tifikovana pomoci fluorometru Qubit (Invitrogen, USA).
Masivni paralelni sekvenovani bylo provedeno formu sek-
venovani nové generace (NGS) rozsdhlym panelem gend,
tzv. klinickym exonem (cca 6 000 genu), na platformé
Illumina (Illumina, USA). Sekvencni data byla zpracova-
na a analyzovdna pomoci sady Genome Analysis Toolkit
(GATK, Broad Institute). Prioritizace variant byla provede-
na pomoci nejprve interniho softwaru, pozdéji softwaru
Sophia DDM, podporovaného softwarem Integrative Ge-
nomics Viewer (IGV; Broad Institute), Alamut Visual Plus
a Franklin Genoox. Patogenita detekovanych variant byla
klasifikovana do péti kategorii na zakladé kritérii daka-
z0 navrzenych smérnicemi Americké akademie Iékarské
genetiky a genomiky (ACMG). Klasifikace byla urcena pfi-
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Tabulka 1 - Zakladni charakteristika pacientd, diagnostické metody

Pocet Prdmérny Pozitivni RA  Anamnéza
pacientti (n)  vék pfi dg. (n)* palpitaci (n)
AMVP (let)
Zeny 18 44 5/18 (28 %)  7/18 (39 %)
Muzi 6 47 116 (17 %) 116 (17 %)
Celkem 24 45+11 6/24 (35 %)  8/24 (33 %)

12/24 (50 %)

Anamnéza  Anamnéza  ICD (n) CMR (n) Ergometrie

synkopy (n)  SCA (n) (n)

7118 (39 %) 6/18(33 %) 6/18(33 %) 17/18 (94 %) 14/18 (78 %)
+ 1 zemrela

5/6 (83 %) 4/6 (67 %) 5/6 (83 %) 5/6 (83 %) 5/5 (100 %)

12/24 (50 %) 11/24 (46 %) 22/24 (92 %) 19/24 (79 %)

AMVP - arytmogenni prolaps mitralni chlopné; CMR - magneticka rezonance srdce; ICD - implantabilni kardioverter-defibrilator; RA -

rodinna anamnéza; SCA - nahla srde¢ni zastava.

* Pozitivni rodinna anamnéza nahlé srdecni smrti, srdecniho selhani, implantace PM/ICD ¢i prolapsu mitraini chlopné

tomnosti a ¢etnosti varianty v béZzné populaci (databaze
gnomAD, dbSNP), jeji pfitomnosti v klinickych databazich
(ClinVar, HGMD), mezidruhovou konzervaci rezidua, ko-
herenci s familiarni kosegregaci fenotypu a in silico pre-
dikcemi s vyuzitim bioinformatickych nastrojd integrova-
nych do softwaru Varsome a Franklin Genoox. Vsechny
sledované varianty (tfida ACMG > 3) byly validovany San-
gerovym sekvenovanim a potvrzeny nebo vylouceny po-
moci kaskddového screeningu rodin.

Vysledky

V nasem souboru uvadélo pozitivni rodinnou anamnézu
srdecniho selhani, SCD a MVP 35 % (6/24) pacientU. Pres-
né 50 % (12/24) pacientd uvadélo synkopu, dalsim cas-
tym klinickym jevem byly palpitace (8/24, 33 %). Nahlou
srdeCni zastavu (SCA) prodélalo 50 % (12/24) pacientuq,
pfi¢emz jedna Zena neprezila. Srde¢ni zastava se vyskyt-
la pfi bézné denni ¢innosti u 8/11 pacientld (73 %), dale
u 2/11 (18 %) pfi sportu a u jednoho pfi narozeninové
oslavé. Prezivsi byli zajisténi ICD ze sekundarni prevence
(11/24, 46 %). Na klidovém EKG mélo 50 % (12/24) jedin-
cl inverzni T inferiorné (Il, 1ll, aVF), pti holterovské moni-
toraci EKG byly detekovany cetné KES a vysoce rizikové
(polymorfni) komorové arytmie u 79 % pacientd (19/24).
Zatézové EKG bylo provedeno u 20/24 (80 %) pacientq,
z nichz 20 % mélo jiz v medikaci selektivni betablokator
(pramérna davka 25 mg metoprololu). Echokardiografic-
ky byla pfitomna normalni ejekéni frakce levé komory (EF
LK) u 21/24 pacientl (88 %), fenotyp MVP M. Barlow byl
evidovan u 15/24 (63 %) jedincu a fibroelasticka dysplazie
u 9/24 (38 %). U 50 % (12/4) byly popisovany redundantni
cipy mitralni chlopné nezavisle na morfologii M. Barlow
¢i fibroelasticka dysplazie. Lehka az stfedni mitralni re-
gurgitace (dale MiR) byla popisovédna u 14/24 (58 %) pa-
cientd, stfedné vyznamna az vyznamna u 10/24 (42 %).
JPickelhaube sign” bylo popisovano u 5/24 (21 %) jedinct
a dilatace LS u 6/24 (25 %). Pfitomnost MAD/pseudoMAD
byla u 18/24 (75 %) nemocnych v prdmérném rozsahu 8
+4 mm. Dle CMR bylo popsano LGE v blizkosti iponu po-
steromedialniho papilarniho svalu u 25 % (6/22) souboru.
Intervenci na mitralni chlopni (MVP/MVR) prodélalo 6/24
(25 %) pacientdl, u viech byl chirurgicky zdkrok proveden
az po stanoveni diagnézy AMVP. Terapie selektivnimi
betablokatory byla ordinovdna po stanoveni diagnozy
u 7/24 (29 %). Molekuldrnégenetické vysetreni prokazalo
patogenni/pravdépodobné patogenni (dale P/LP) varian-

tu DNA u 13 % (2/24), v obou pfipadech v genu pro titin
(TTN: NM_001256850.1(TTN):c.86405G>A (p.Trp28802Ter)
a NM_001256850.1(TTN):c.54204delG (p.Ser18069Alafs-
Ter49) (tabulka 2).

Analyzy podskupiny AMVP s dokumentovanou SCA
prokdazaly pfitomnost MAD/pseudoMAD 9/11 (81 % ver-
sus 69 % v souboru bez SCA, p 0,649), cetné KES ¢i vyso-
ce rizikové VT/polymorfni KES pti zatéZzovém EKG (7/11,
64 % versus 54 % v souboru bez SCA, p 0.697) a stied-
né vyznamna az vyznamnda MiR (5/11, 45 % versus 38 %
v souboru bez SCA, p 7). Normalni EF LK mélo 10/11 (91 %
versus 85 % v souboru bez SCA, p 1), dilatovanou LS 3/11
(27 % vs. 23 % v souboru bez SCA, p 1) a inverznivina T
byla detekovdna u 5/11 (45 % versus 54 % v souboru bez
SCA, p 1) pacientd. Znak ,Pickelhaube” byl dokumento-
van jen u 1/11 pfipadd SCA. CMR byla provedena u 10/11
po SCA jedincl a prokazala pfitomnost LGE u 2/10 pfipa-
du (20 % versus 38 % v souboru bez SCA, p 1).

Nalez P/LP varianty v genu pro TTN byl u 1/11 prezivsi-
ho po CA (druha referovana varianta je u zeny s AMVP
bez dokumentované SCA). Radiofrekven¢ni ablace (RFA)
byla provedena u 36 % (4/11 versus 38 % v souboru bez
SCA, p 1) pacientd po SCA s akutné dobrym efektem na
potlaceni komorové ektopie. Vysledky jsou shrnuty v ta-
bulce 2.

Diskuse

Predstavujeme dle naSich védomosti zatim nejvétsi re-
trospektivni studii pacientd s AMVP v Ceské republice.
Dosud navrzené rizikové faktory byly analyzovany u na-
prosté vétdiny jedincl. Navic jsme provedli i genetické
vySetfeni a namahové EKG, jejichZ vyznam pro rizikovou
stratifikaci neni zatim objasnén. Na nasem souboru do-
kumentujeme vysoké riziko Zivot ohroZujicich arytmii
(az %2 souboru). Pokud vychazime s dosavadnich navrze-
nych kritérii k posuzovani rizikovosti, dle naseho soubo-
ru je nejzasadnéjsi pritomnost MAD/pseudoMAD a také
detekce komorovych arytmii pfi ndmaze se zdd jako
efektivni nastroj pro odhad rizika, ale nic z toho neni
statisticky signifikantni.

Mira regurgitace, EF LK a velikost LS se nejevi jako pfili3
velky rizikovy faktor SCA. Pfitomnost LGE nebyla rovnéz
nikterak signifikantni. Genetické vysetieni prokazalo pa-
togenni varianty pouze u malé ¢asti pacientd (gen TTN),
coZ naznacuje, ze role molekularni genetiky v diagnostice
a stratifikaci AMVP zatim neni zcela vyjasnéna.
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so stenozou aortalnej chlopne

(Some diagnostic markers of heart failure in patients with aortic valve stenosis)

David Cmejrek?, Martin Hudec®, Maria Ivanéikova®, Peter Fleischer

@ Oddelenie funkénej diagnostiky, Stredoslovensky Ustav srdcovych a cievnych choréb, Banska Bystrica, Slovensko
b Oddelenie akutnej kardiolégie, Stredoslovensky ustav srdcovych a cievnych choréb, Banska Bystrica, Slovensko
< Katedra integrovanej ochrany lesa a krajiny, Lesnicka fakulta, Technicka univerzita vo Zvolene, Zvolen, Slovensko

INFORMACE O CLANKU

Historie ¢lanku:

Vlozen do systému: 3. 11. 2025
Prepracovan: 18. 11. 2025
Prijat: 7. 12. 2025

Dostupny online: 15. 6. 2026

Klacové slova:
Echokardiografia
NTproBNP

Srdcové zlyhdvanie
Stendza aortalnej chlopne

Keywords:

Aortic valve stenosis
Echocardiography
Heart failure
NTproBNP

SUHRN

Stendza aortalnej chlopne je najcastejSou valvulopatiou v dospelosti. Tato chlopriova chyba casto koexistuje
so syndromom srdcového zlyhavania. V subore sme retrospektivne analyzovali dédta 121 pacientov hospita-
lizovanych v SUSCCH v ¢ase od marca 2024 do marca 2025. V praci sme skimali zavislost hodnoty NTproBNP
a jeho korelaciu s echokardiografickymi parametrami — masa LK, E/e’, LAVi, EF LK a PG __ .V naSom subore
NTproBNP ako diagnosticky marker srdcového zlyhdvania v teréne stendzy aortalnej chlopne tazkého stup-
na preukdazal mélo vypovednu hodnotu v ivodnych a mierne pokrocilych stadiach, pricom vyznam rastol az
pri pokrocilej faze ochorenia spojenej s remodelaciou LK a poklesom EF LK. Echokardiografické ukazovatele
(masa LK, LAVi a E/e’) mézu napomdct stratifikacii rizika a planovaniu nacasovania intervencie. Tieto pozo-
rovania si vsak vyZaduju potvrdenie v multivariacnych a prospektivnych analyzach.
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ABSTRACT

Aortic valve stenosis is the most common valvular heart disease in adults. This valve defect often coexists
with heart failure syndrome. In our study, we retrospectively analyzed data from 121 patients hospitalized
at SUSCCH between March 2024 and March 2025. We examined the dependence of NTproBNP values and
their correlation with echocardiographic parameters — LV mass, E/e’, LAVi, LV EF, and PGmean. In our cohort,
NTproBNP as a diagnostic marker of heart failure in the context of severe aortic valve stenosis proved to be
of little diagnostic value in the initial and mildly advanced stages, with its significance increasing only in the
advanced stage of the disease associated with LV remodeling and a decrease in LVEF. Echocardiographic
indicators (LV mass, LAVi, and E/e") may aid in risk stratification and planning the timing of intervention.
However, these observations require confirmation in multivariate and prospective analyses.

Uvod

LK), sa vyclenili 3 zédkladné fenotypové skupiny pacientov
so srdcovym zlyhdvanim — srdcové zlyhavanie s redukova-

Stendza aortdlnej chlopne je najcastejSou valvulopatiou
v dospelosti. Tato chlopriova chyba casto koexistuje so syn-
drémom srdcového zlyhdvania. Stenéza aortalnej chlopne
je v seniorskom veku valvulopatia s najvyssou prevalen-
ciou, ktord v koincidencii so srdcovym zlyhdvanim ma vyso-
ku mortalitu aj morbiditu.'?

Na zaklade echokardiografického vysetrenia, kde ur-
Cujucim faktorom bola ejekénd frakcia lavej komory (EF

nou EF LK (HFrEF), srdcové zlyhdvanie so zachovanou EF
LK (HFpEF) a srdcové zlyhdvanie s mierne redukovanou
EF LK (HFmrEF). Pacienti s vyznamne znizenou systolickou
funkciou LK (EF LK < 40 %) predstavuju skupinu HFrEF.
Pacienti so zachovanou systolickou funkciou LK (EF LK
> 50 %) predstavuju skupinu HFpEF. Medzi skupinami s re-
dukovanou a zachovanou EF LK sa nachadzaju pacienti so
srdcovym zlyhdvanim v kategérii mierne znizenej systolic-
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Tabulka 1 - Pat stadii stendzy aortélnej chlopne tazkého stupna
Stadia 0 1

Ziadne poskodenie LK  Poskodenie LK

Masa LK
zeny > 95 g/m?,
muzi > 115 g/m?

E/e’> 14

Echokardiografia

EF LK <50 %

Dilatacia LP alebo MI
LAVi > 34 ml/m?

Stredne zdvazna az
zavazna Ml

3 4
PH alebo TI Poskodenie PK

sPAP > 60 mm Hg Stredne zévazné az
zavazné zlyhavanie
PK

Stredne zavazna az
zavazna Tl

Fibrilacia predsieni

EF LK - ejek¢na frakcia lavej komory; LAVi - indexovany objem lavej predsiene; LK - lava komora; MI - mitralna insuficiencia; PH - pltcna
hypertenzia; PK — pravd komora; sPAP - systolicky tlak v pltcnici; Tl - trikuspidalna insuficiencia.

kej funkcie lavej komory (LK) nazyvanej HFmrEF, kde hod-
nota EF LK je medzi 40 — 50 %.3

Stendéza aortélnej chlopne je definovana ako obstrukcia
prietoku krvi degenerativne zmenenou aortalnou chlop-
fou pocas vypudzovania krvi z LK. O tazkej stenéze ho-
vorime, ked' je plocha chlopne mensia ako 1 cm?, stredny
gradient je viac ako 40 mm Hg a rychlost prietoku krvi
chlopriou je viac ako 4 m/s.* Sklerotické zmeny na aortélnej
chlopni sa v réznej miere vyskytuju priemerne u 25 % pa-
cientov starsich ako 65 rokov a vo veku viac nez 75 rokov
stupa toto ¢islo az na 48 %. Prevalencia zavaznej aortalnej
stendzy je niekde na urovni 3,4 % vo veku nad 70 rokov.®

Pred niekolkymi rokmi skupina expertov Eurdpskej
a Americkej kardiologickej spolo¢nosti navrhla delenie
vyvoja morfologickych zmien na srdci spésobenych stené-
zou aortdlnej chlopne tazkého stupria na 5 $tadii.® Dele-
nie prebehlo na zdklade echokardiografickej diagnostiky
(tabulka 1).

Laboratéorne ukazovatele
a zobrazovacie modality

Zakladnym laboratérnym ukazovatelom v kardioldgii je
N-termindlny pro-hormén mozgového néatriuretického
peptidu (NTproBNP), ktory sa zaraduje medzi natriuretic-
ké peptidy. Uvolriuje sa na zaklade podnetu pri zvyseni
napatia stien srdca alebo hypoxii myokardu.” Laboratérna
referen¢na hodnota je < 125 ng/l, koriguje sa ale na vek
pacienta:

e do 50 rokov > 125 ng/I,

e od 50 - 75 rokov > 250 ng/I,

® nad 75 rokov > 500 ng/I.

Echokardiografia patri medzi najdynamickejsie sa roz-
vijajuce odvetvia kardioldgie a jej prostrednictvom vieme
jednoducho a velmi presne merat Siroku $kalu paramet-
rov.

Masu LK a jej geometriu vieme zhodnotit na zakla-
de jednoduchého merania, kedy sa v 2D parasternalne
dlhé projekcii (PLAX) meria interventrikuldrne septum
(IVS), rozmer lavej komory na konci diastoly (LKd) a zad-
na stena (ZS). Schéma merania sa prirovnava k elipse
a podla tohto vzoru vznikla rovnica zalozena na Penn
konvencii:®

Hmotnost LK = 1,04 x [(IVSd + LKd + Z5d)3 x LKd3] - 13,6 g

Diastolicku funkciu LK vieme vysetrovat pomocou nie-
kolkych parametrov. Medzi najvypovednejsie patri pomer
E/e” a indexovany objem lavej predsiene (LAVi).

E je vrcholova rychlost plnenia vo vcasnej diastole (ko-
reluje s maximalnym tlakovym gradientom medzi lavou
predsieni [LP] a LK vo vcasnej diastole). Pre klinicku aj
echokardiograficki prax ma vyznam zrkadlovd kompo-
nenta diastolickej fazy k transmitrdlnemu prietoku - €',
ktora zodpovedad vcasnej diastolickej relaxacii. Pomer E/e’
vypovedad o plniacich tlakoch LK, pricom napriek rozdiel-
nym literarnym pramerfiom sa za patologicki hodnotu
podklada ¢islo nad 14.°

Meranie LAVi sa odporuca na posudenie velkosti a re-
modelacie LP. Dobre koreluje s dlhodobo zvysenymi pl-
niacimi tlakmi v LK a vypoveda o chronickom pretazeni.
Na meranie LAVi sa preferencne pouziva Simpsonova
biplanarna metéda — zobrazuje kontury LP v dvoch na
seba kolmych projekcidch (dvojdutinova projekcia [A2C]
a Stvordutinovd projekcia [A4C]). Objem LP sa IiSi u mu-
Zov a zien, preto sa objem LP indexuje na telesny povrch
a mali by sa udavat iba indexované hodnoty — LAVi. Nor-
malna hodnota LAVi nepresahuje 34 ml/m?.1°

Na meranie EF LK v 2D projekciadch sa ukazuje ako naj-
vhodnejsie pouzit Simpsonovu metddu sumdécie diskov,
ktord rata objem LK sumaciou série paralelne prebiehaju-
cich diskov od bazy po hrot."

Maximdlna rychlost na aortdlnej chlopni je merana naj-
Castejsie v Ad4C projekcii prostrednictvom kontinualneho dop-
pleru (CW). Stredny gradient na aortalnej chlopni (PG__ )
je vypocitany ako priemer jednotlivych gradientov v prie-
behu ejekcnej fazy. AVA je kalkulovand prostrednictvom
rovnice kontinuity:'

AVA = CSA LVOT x LVOT VTIIAV VTI
(AVA — plocha aortalnej chlopne; CSA LVOT - plocha
vytokového traktu lavej komory)

Pacienti a metody

V nasom subore bolo retrospektivne analyzovanych 121
pacientov hospitalizovanych v Kardiocentre SUSCCH v ob-
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Obr. 1 - Graf ¢iastocnej zavislosti NTproBNP. EF LK - ejek¢nd frakcia lavej komory; LAVi - indexovany objem lavej predsiene; LK - lavd komo-

ra; NTproBNP — N-terminalny pro-hormén mozgového nétriuretického peptidu; PG

dobi od marca 2024 do marca 2025. Z tohto bolo 66 mu-
Zov a 55 zien.

Inkldznymi kritériami boli — vek nad 65 rokov a pritomnost
tazkej stendzy aortalnej chlopne (PG nad 40 mm Hg).

Exkldznymi kritériami bolo srdcové zlyhavanie nainom
podklade neZ valvulopatia — koronarna choroba srdca,
kardiomyopatie, myokarditidy. Z celkového poctu pa-
cientov hospitalizovanych v SUSCCH bolo vylu¢enych 14
pacientov patriacich do kategérii LF-LG alebo paradoxnej
LF-LG aortédlnej stendzy." Tieto dve skupiny, tvoriace asi
10 - 15 % v3etkych pacientov s tazkou aortalnou steno-
zou, boli vyclenené pre svoje mnohé patofyziologické
a diagnostické Specifika.

Vysetrenia boli robené na analyzatore cobas e411 od
firmy ROCHE. Vzorky boli spracované elektrochemilumi-
niscencnou imunoanalyzou na mikrocasticiach, pricom
reagencny set bol Elecsys pro BNPII.

Echokardiografické vysetrenia boli realizované na stro-
ji EPIQ CVx.

V praci sme analyzovali subor Udajov obsahujuci zavislu
premennu NTproBNP a subor prediktorov (LAVi, E/e’, nein-
dexovana masa LK, EF LK, PG___ ). Pre identifikaciu moznych
linedrnych vztahov medzi premennymi bola vypocitana Pe-
arsonova korela¢na matica, ktorej vizudlna reprezentacia
bola vytvorena vo forme teplotnej mapy (heatmap).

Na interpretdaciu a hlbsie pochopenie vysledkov mode-
lu boli vypocitané SHAP (SHapley Additive exPlanations)
hodnoty, ktoré kvantifikuju prispevok kazdého predikto-
ra k predikovanym hodnotam cielovej premennej.

- stredny gradient na aortalnej chlopni.

mean

Napokon sme na detailnejsiu interpretaciu vysledkov
zostrojili grafy Ciastocnych zavislosti (partial dependence
plots, PDP) pre kazdy prediktor, ¢im sme zachytili prie-
merny vplyv jednotlivych prediktorov na vyslednu predik-
ciu cielovej premenne;j.

Vysledky

Pomocou grafu parcidlnej zavislosti sme analyzovali vy-
brané echokardiografické ukazovatele(masa LK, LAVi, E/
e’, EF LK a Pgmean) a nasledne skumali ich vplyv na hod-
notu NTproBNP v podmienkach stenézy aortalnej chlop-
ne tazkého stupna (obr. 1).

Jednoduchym, rychlym a presnym meranim je vypo-
Cet neindexovanej masy LK. V grafe parcidlnej zavislos-
ti NTproBNP od masy LK bol v Uvode prudky vzostupny
trend s naslednym vytvorenim plateau.

Z ukazovatelov diastolickej funkcie sme si vybrali
E/e’a LAVi. Na grafoch parcidlnych zavislosti oba mera-
né parametre (E/e” aj LAVi) mali rychly vzostup, nasledne
bol zaznamenany mierny pokles pri E/e’, prudsi pri LAVi.
V dalSom priebehu sa u oboch parametrov dosiahlo pla-
teau.

Vyskumy poukazuju na klu¢ovu ulohu EF LK v pre-
dikcii mortality pri srdcovom zlyhavani. Ukazuje sa, Ze
je vyznamny rozdiel medzi skupinou pacientov s HFrEF
a tymi, ¢o maju HfmrEF alebo HFpEF."> V nasej analyze
graf parcidlnej zavislosti preukazal, Ze s mierou poklesu
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Obr. 2 - Pearsonova korelacna matica vizualizovana vo forme teplotnej mapy (heatmap). LAVi - indexovany objem lavej predsiene; LK - lava

komora; NTproBNP — N-terminalny pro-hormén mozgového nétriuretického peptidu; PG

EF LK narastda hodnota NTproBNP, ¢o potvrdzuje zavery
doterajsich studii.

PG, ., patri medzi zékladné diagnostické ukazovatele
pritomnosti stenézy aortalnej chlopne tazkého stupria.'®
Na grafe parcidlnych zavislosti bol v prvej fadze prudky
vzostup, nasledne boli dve etapy zostupu aj vzostupu, pri-
¢om oscilacia obomi smermi (nahor aj nadol) bola nizka.
Po oscilacii bola pozorovana faza kratkeho plateau.

Pomocou heatmap sme analyzovali korelaciu
NTproBNP s otatnymi parametrami a taktiez sme sa za-
merali na vztah jednotlivych parametrov medzi sebou
(obr. 2).

V heatmap NTproBNP preukazalo nesignifikantné
korelacie so vsetkymi meranymi echokardiografickymi
parametrami. Nesignifikantne pozitivha korelacia bola
zaznamenana s masou LK, E/e” a PG nesignifikantne
negativna koreldcia s LAVi a EF LK.

Masa LK preukdzala signifikantne negativnu korelaciu
s EF LK, hrani¢ne negativnu signifikantnu korelaciu vyka-
zovala s diastolickymi parametrami (E/e” a LAVi).

Diastolické parametre (E/e’a LAVi) preukazali signifi-
kantne pozitivnu korelaciu s EF LK.

Stredny gradient na aortalnej chlopni nemal podla
heatmap signifikantnu korelaciu s ostatnymi meranymi
parametrami.

Na grafe SHAP sme skumali vztah NTproBNP a ostat-
nych parametrov z hladiska parcidlneho vplyvu na hod-
notu — ktory parameter spdsobuje vzostup a ktory pokles
hodnoty (obr. 3). Tato analyza ukazala, Ze ako diastolické

mean’

- stredny gradient na aortalnej chlopni.

mean

markery, tak masa LK a aj EF LK spdsobuju v prvych $ta-
diach skoér pokles hodnoty NTproBNP, kdeZto az v pokro-
Cilych fazach ochorenia prispievaju k navysovaniu tejto
hodnoty.

NTproBNP
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o
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Obr. 3 - Prispevky SHAP kazdého prediktora vo vztahu k NTproBNP.
EF LK - ejek¢na frakcia lavej komory; LAVi - indexovany objem lavej
predsiene; LK - lava komora.



318

Markery zlyhdvania srdca pri stenéze aortdlnej chlopne

Diskusia

Podla platnych kritérii na potvrdenie diagnézy srdcového
zlyhdvania je nevyhnutnd pritomnost symptémov alebo
klinickych znamok, ktoré su sprevadzané poruchou funk-
cie a/alebo S$truktury srdca, spolu s elevovanou hodno-
tou natriuretickych peptidov alebo evidovanou plucnou,
resp. systémovou kongesciou kardiogénneho pévodu."”
Podla tejto definicie je zrejma narocnost a komplexnost
diagnostiky srdcového zlyhavania a zobrazuje vynimo¢né
postavenie, ktoré zastavaju natriuretické peptidy.

NTproBNP pri stenéze aortalnej chlopne tazkého stup-
fa ma podla studii vyznam v dvoch aspektoch — ako pa-
rameter svedciaci o miere poskodenia srdca a prognostic-
ky ukazovatel.'™® NTproBNP je dostupny, relativne lacny
a spolahlivy pomocny diagnosticky nastroj v diagnosti-
ke zlyhavania srdca. Podla American Heart Association
(AHA), American College of Cardiology (ACC) a Heart
Failure Society of America (HFSA) je trieda odporucani
pre jeho pouzivanie na Urovni IA." Studie poukazuju na
zvysené hodnoty NTproBNP pri stenéze aortalnej chlopne
tazkého stupna u asymptomatickych aj symptomatickych
pacientov.?

V nasom subore sa nepreukdzala signifikantna kore-
ldcia medzi NTproBNP a Ziadnym echokardiografickym
ukazovatelom v heatmap. Analyza SHAP svedcila skor pre
negativne ovplyviiovanie hodn6ét NTproBNP meranymi
parametrami az do prekrocenia kritickej linie. Mézeme
konstatovat, Ze NTproBNP ako kardialny ukazovatel prav-
depodobne nema vysoku vypovednu hodnotu v negativ-
nom, ani v pozitivnom smere o pritomnosti srdcového zly-
havania v teréne stenézy aortdlnej chlopne v Uvodnych,
resp. mierne pokrocilych stadiach.

Prvou zmenou v patofyziologickej kaskade vyvoja
Strukturdlnych zmien na myokarde je rozvoj hypertro-
fie LK. Hypertrofickd remodeléacia LK je spojend s vyssou
mierou dysfunkcie LK, znamkami srdcového zlyhavania
a vy$sou mortalitou. Hypertrofia LK sa méze manifes-
tovat ako koncentrickd alebo excentrickd hypertrofia.?!
Pri aortalnej stendze tazkého stupna sa vadcsinou vyvi-
ja koncentrickd hypertrofia LK. S progresiou ochorenia
a dalSim narastom masy LK mé6ze dochadzat k jej dilatacii
a rozvoju excentrickej hypertrofie, ktorad sa ukazuje byt
prediktorom poklesu EF LK. Tento patofyziologicky me-
chanizmus podporuje zavery nadej analyzy, podla ktorych
ma sledovanie masy LK najvadsi vyznam v pociatoc¢nych
fazach ochorenia, kedy jej hodnota dynamicky narasta.
Po dosiahnuti fazy plateau uz dalsie zvySovanie masy LK
vplyv na priebeh ochorenia pravdepodobne nema.

Pri stendze aortdlnej chlopne tazkého stupna spolu
s vyvojom hypertrofie LK dochadza k diastolickej dys-
funkcii LK, klucovu ulohu v tomto procese zohrava LP.
Preload LP je objemovo dependentny, afterload LP je
limitovany poddajnostou stien LP a tlakmi v LK. V pod-
mienkach stenézy aortalnej chlopne tazkého stupna pri
hypertrofii stien LK klesa ich poddajnost, zvysuju sa pl-
niace tlaky (o ich hodnote vypoveda E/e’) a postupne do-
chadza k dilatacii LP (o tomto procese vypoveda LAVi).
Dilatacia LP odraza zavaznost a dlzku trvania vysokych
plniacich tlakov LK. Chronicky elevované tlaky v LP vedu
k jej Strukturdlnym zmendm a jej dysfunkcii.?? Zlomovou
liniu, kedy je LP insuficientn4, je klinicky extrémne néro¢-

né urcit, napomoct nam v tomto mézu echokardiografic-
ké parametre — E/e” a LAVi. Na grafe parcidlnych zavislosti
mali podobny priebeh, preto ich adekvatna interpretacia
v kontexte klinického stavu a ostatnych laboratérnych
a zobrazovacich parametrov méze zohravat pri stratifika-
cii rizikovosti pacienta vyznamnu ulohu. Fazu plateau na
grafe povazujeme za liniu, kedy je diastolickd funkcia LK
uz prekrocena.?

Podla guidelines o nacasovani intervencie u asympto-
matickych pacientov sa berie do uvahy pokles EF LK pod
50 % a vysoky namerany gradient na aortdlnej chlopni.
Takmer 80 % vsetkych pacientov s aortalnou stenézou
ma EF LK nad 50 %.>* V nasom subore mala vacsina pa-
cientov hodnotu EF LK nad 50 %, len minimdlny pocet
z nich ju malo pod 50 %.

Vyvstava otdzka, ¢i uvodné stadia strukturalnych zmien
na srdci detekované prostrednictvom echokardiografie
s nizkymi az negativnymi hodnotami NTproBNP korelova-
nymi na vek pacienta svedcia proti pritomnosti srdcového
zlyhavania. Dyspnoe je nespecificky priznak, ktory méze
svedcit ako o srdcovom zlyhdvani, tak aj o ischémii myo-
kardu. V podmienkach stenézy aortalnej chlopne tazkého
stupria nastavaju simultanne obe situacie. Akou mierou
sa na klinickom obraze dyspnoe podiela myokardidlna
ischémia a aky podiel zohrava kardialna insuficiencia sp6-
sobend diastolickou dysfunkciou LK, sa prelina a neda sa
urcit, ktora zlozka sa podiela v majoritnej miere.?

Dalsi aspekt, na ktory je nutné vzdy prihliadat, je vek
pacientov. Prevalencia ako srdcového zlyhavania, tak ste-
noézy aortalnej chlopne narasta s vekom a populac¢né stu-
die ukazuju na tento trend aj v najblizsich desatrociach.
Mnozstvo fyziologickych zmien je asociovanych so starnu-
tim, ktoré su spojené s odliSnymi referen¢nymi hodnota-
mi pri laboratérnych ukazovateloch aj echokardiografic-
kych parametroch.

Mohli by sme zvazit kombinované vyuzitie echokar-
diografickych markerov ako masa LK a diastolické uka-
zovatele (E/e’a LAVi) vo vcasnej predikcii poklesu EF LK,
vybere typu procedury a stratifikacii rizika peri- aj po-
stprocedurdlnych komplikacii. Vyznam tychto ukazova-
telov mdze spocivat predovsetkym v prvotnych stadidch
ochorenia, kedy nie je myokard vycerpany a je moznost
plného vyuzitia jeho reparacnych mechanizmov.? Echo-
kardiografické parametre (masa LK, E/e’a LAVi) mbézu
byt integrované do algoritmu zaloZeného na principe
bodového zisku — ¢&im vy3si pocet bodov, tym vyssie rizi-
ko komplikacii a horSia prognéza pacienta. Napriek niz-
kemu vyznamu NTproBNP v prvotnych fazach ochorenia
by mohol byt tento kardiohumoralny ukazovatel prinos-
ny v odhade klinicky alebo echokardiograficky silentnej
dysfunkcie myokardu LK a jeho zakomponovanie do al-
goritmu stoji za Gvahu.

Limitom nasej prace je velkost suboru. Tieto pozorova-
nia si vyZzaduju potvrdenie v multivariacnych a prospek-
tivnych analyzach.

Zaver

Ukazuje sa, Ze NTproBNP nema prinos v diagnostike srd-
cového zlyhavania v teréne stenézy aortdlnej chlopne
v Uvodnych a mierne pokrocilych stadiach. Ako diagnos-
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ticky, tak prognosticky parameter sa ukazuje byt vhodny
az v pokrocilych stadiach, ktoré su spojené so znizenim
kontraktility myokardu LK a redukciou EF LK. Potencidl-
nym prinosom nasej prace by mohla byt identifikacia uka-
zovatelov diastolickej dysfunkcie (E/e”, LAVi) a masy LK
ako stratifika¢nych nastrojov nie samostatne, ale v ramci
komplexného algoritmu. Prinos mdze spocivat v rozho-
dovacom procese pri vybere typu intervencie a jej naca-
sovani u toho ktorého pacienta, ¢o zarover spliia sucasny
trend personalizacie mediciny. Podla tychto echokardio-
grafickych parametrov sa mozno bude dat predikovat
aj miera komplikacii asociovanych s intervenénym alebo
chirurgickym riesenim. Vyznam tychto ukazovatelov by
mohol tiez predikovat mortalitu v krdtkodobom aj dlho-
dobom meradle.
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Genetické aspekty vzniku kardiovaskularnich onemocnéni jsou dulezité kvali jejich vyznamnému pfinosu
k celkové strukture srdecni patologie a rozsiteni diagnostickych moznosti molekulérnich technologii. Cilem
studie bylo systematizovat soucasné znalosti o roli dédi¢nych faktor( ve vyvoji kardiovaskuldrnich patologii
a posoudit klinickou ucinnost genetickych metod pro jejich diagnostiku. Po uplatnéni kritérii pro zafazeni
a vylouceni zahrnoval prehled literatury 60 védeckych studii. Analyza prokdzala, Ze primarni a sekundarni
strukturalni poskozeni myokardu, srdecni arytmie a aterosklerotické komplikace jsou ¢asto zpusobeny kom-
plexnimi polygennimi interakcemi spise nez jednotlivymi monogennimi defekty. Dédi¢né formy kardiomyo-
patii jsou spojeny s variacemi v genech sarkomernich a cytoskeletdlnich proteind, pricemz klinické projevy se
|isi v zavislosti na pfitomnosti dalsich modifikujicich polymorfism(. Poruchy srde¢niho rytmu, jako je syndrom
dlouhého a kratkého QT, syndrom Brugadovych a katecholaminergni polymorfni tachykardie, vykazuji vy-
sokou genetickou heterogenitu a netplnou penetranci. Geneticky determinované hodnoty lipoproteinu(a)
(Lp(a)) jsou podstatné v patogenezi nejen aterosklerdzy, ale i mnoha dalSich onemocnéni postihuijicich kar-
diovaskularni systém, souvisejicich s polymorfismy lokusu Lp(a) na chromosomu 6927 a ovliviujicich riziko
trombotickych komplikaci. Navzdory prokdzané ucinnosti metod panelového a exomového sekvenovani pfi
identifikaci genetické predispozice je jejich klinické vyuZiti omezeno vysokymi naklady a nedostatkem jed-
notnych interpretacnich kritérii, coz omezuje moznost hromadného screeningu a personalizovaného pfistu-
pu k lécbé pacientu.

© 2026, CKS.

ABSTRACT

The genetic aspects of cardiovascular disease formation are of relevance due to their significant contribution
to the overall structure of cardiac pathology and the expansion of the diagnostic capabilities of molecular
technologies. The study aimed to systematise current knowledge about the role of hereditary factors in the
development of cardiovascular pathologies and to assess the clinical efficacy of genetic methods for their
diagnosis. The literature review, after implementing the inclusion and exclusion criteria, included 60 scienti-
fic studies. The analysis demonstrated that primary and secondary structural myocardial damage, cardiac ar-
rhythmias and atherosclerotic complications are often caused by complex polygenic interactions rather than
single monogenic defects. Hereditary forms of cardiomyopathies are associated with variations in sarcomeric
and cytoskeletal protein genes, with clinical manifestations varying depending on the presence of additional
modifying polymorphisms. Cardiac rhythm disorders, such as long and short QT syndrome, Brugada syndro-
me and catecholaminergic polymorphic tachycardia, demonstrate high genetic heterogeneity and incom-
plete penetrance. Genetically determined levels of lipoprotein(a) (Lp(a)) are substantial in the pathogenesis
of not only atherosclerosis but also many other diseases affecting the cardiovascular system, associated with
polymorphisms of the LPA gene on chromosome 6¢27 and influencing the risk of thrombotic complications.
Despite the proven effectiveness of panel and exome sequencing methods in identifying genetic predisposi-
tion, their clinical implementation is constrained by high costs and the lack of unified interpretation criteria,
which limits the possibility of mass screening and a personalised approach to patient management.
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Introduction

Cardiovascular disease (CVD) remains the leading cause of
mortality and disability in most developed countries, with
modern research increasingly pointing to a significant
contribution from genetic factors, even in cases where
environmental or metabolic origins have long prevailed.
External factors like obesity, hypertension, alcohol con-
sumption, and lifestyle habits can amplify or mitigate the
genetic predisposition to cardiovascular disease (CVD),
they can worsen these genetic risks. For instance, obesi-
ty can exacerbate genetic susceptibility to heart disease,
meanwhile hypertension can trigger heart damage in ge-
netically vulnerable individuals. It highlights the need for
a comprehensive approach to cardiovascular risk assess-
ment that considers both genetics and lifestyle factors.
The availability of next-generation sequencing methods,
the expansion of representative epidemiological samples
and the improvement of bioinformatics algorithms have
greatly facilitated the search for and analysis of rare and
common genetic variants that determine varying degrees
of susceptibility to CVD, from hypertension and corona-
ry heart disease to various forms of cardiomyopathy and
arrhythmias.

As indicated by Townsend et al.," epidemiological data
in several European countries show that in approximately
30% of cases, genetic mutations or polymorphisms are
detected in a group of patients with severe cardiac com-
plications capable of increasing the risk of early heart
failure (HF) or life-threatening arrhythmias to varying de-
grees. At the same time, as mentioned by Zhao,? several
Asian regions have a higher prevalence of certain rare ge-
netic variants, including mutations associated with lipid
metabolism and endothelial function disorders, which
affect age-related morbidity rates and the overall prog-
nosis for coronary complications. These observations em-
phasise that the role of hereditary factors in populations
needs to be completely reassessed, addressing ethnic and
socio-economic differences, and confirm the need for tar-
geted screening programmes.

As highlighted by Yadav et al.,? the contribution of he-
redity to the formation of some forms of hypertrophic car-
diomyopathy (HCM) and dilated cardiomyopathy (DCM)
can exceed 50%, while in some cases associated with
primary channelopathies, the presence of a pathogenic
mutation is not always accompanied by a pronounced
phenotype (incomplete penetrance), which leads to the
presence of a wide cohort of carriers of defective genes.
This heterogeneity in the clinical picture is explained by
complex interactions between specific genes that affect
the electrophysiological properties of the heart, vascular
tone, and metabolic chains. The individual combination
of such variants can either increase or decrease the over-
all risks, which stimulates interest in identifying subclini-
cal carriers and expanding diagnostic protocols.

Genetic diagnostics is a hot topic in the scientific com-
munity as Schultheiss et al., Ahmad et al.®> and Mio et
al.® write, the systematic introduction of panel testing
and exome sequencing in cardiology opens new oppor-
tunities for both more accurate individual prognosis and
preventive measures in families with a history of early
cardiac death or severe forms of cardiomyopathy. The

widespread implementation of these methods in clinical
practice is significantly limited by economic barriers. As
highlighted by Grosse and Gudgeon,’ a significant share
of the cost of exome analysis is made up of interpreta-
tion costs, infrastructure and qualified personnel, and list
prices often do not reflect the actual cost of the study.
Moreover, as noted by Addissouky et al.,® access to the
genetic technologies (including pharmacogenomics and
precision medicine) in actual practice remains limited due
to uneven distribution of resources, lack of compensation
mechanisms, and low awareness among primary care pro-
fessionals.

A common shortcoming of current research, regardless
of country or methodology, is that most projects focus
on a single group of disorders (e.g., channelopathies) or
single genes (e.g., SCN5A, KCNQT), without considering
the complex polygenic contribution. In addition, scat-
tered data is not always suitable for a systematic assess-
ment of the role of environmental factors (diet, comor-
bidities, lifestyle) that potentiate or attenuate the effect
of heritable variants. Often, the statistical characterisa-
tion of the series under study is insufficient, especially
when analysing rare mutations, and this makes it difficult
to formulate reliable recommendations for the general
population.

The study aimed to systematise current research on
the role of hereditary factors in the development of CVDs
and to assess the potential of molecular genetic methods
in clinical cardiology. To achieve this goal, the following
tasks were set in the review: to analyse the current lit-
erature on the molecular mechanisms of inheritance of
various forms of cardiomyopathies and primary arrhyth-
mias; to characterise the features of the pleiotropic and
polygenic influence of genetic variants on the phenotypic
manifestations of diseases; to consider modern methods
of genetic diagnosis and their prognostic significance;
and to identify the main limitations and prospects for the
integration of genetic data into the system of person-
alised medicine and prevention.

Materials and methods

The design of the present study is a targeted (narrative)
literature review aimed to summarise and analytically
interpret current scientific data on genetic predispositi-
on to CVD, with a focus on molecular mechanisms, dia-
gnostic approaches, and prospects for clinical application
of personalised medicine in cardiology. In this study, to
obtain a comprehensive view of the current theoretical
and empirical data on the problem under study, a lite-
rature review was conducted. It included peer-reviewed
scientific articles, monographs, conference proceedings,
dissertations, and official documents. Publications from
2015 to 2024 were used to cover the most up-to-date data
and approaches. Sources were selected based on their sci-
entific relevance and availability of the full text, as well
as on a preliminary analysis of abstracts and key findings.

Initially, a search plan was developed for several inter-
national and national databases, including Scopus and
Web of Science. Additionally, Google Scholar was used
to refine the list of references, providing free access to
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several publications. This strategy expanded the coverage
of potentially relevant materials, minimising the risk of
missing relevant research. When forming search queries,
logical operators (“AND"”, “OR"”, “NOT") were used to
combine terms that reflect the essence of the problem
under study.

The keywords and phrases were identified based on
an analysis of terms frequently encountered in contem-
porary papers and included several thematic groups. The
first group covered the main research issues and included
terms such as “exome sequencing in cardiology”, “poly-
genic interactions in arrhythmia development”, “genetic
predisposition to CVDs"”, “hereditary risk factors for ath-
erosclerosis”, “genetic markers of heart failure”, and
“molecular genetic diagnostics of cardiomyopathies”.
The second group was related to methodological aspects
such as “experimental design”, “statistical analysis” and
“data quality”. The third group reflected contextual and
regional specifics. This multi-level system of keywords
fine-tuned search and prioritised the most relevant as-
pects of the topic.

A multi-stage selection process was used to objectively
assess the relevance of the publications found. The first
stage involved analysing titles and abstracts (title/abstract
screening), which removed irrelevant papers and dupli-
cates. The second stage was reading the full text of the
articles, which assessed the quality of the methodology
and statistical tools used, as well as the relevance of the
research objectives to the stated results. Sources were
excluded if they contained methodological inaccuracies,
insufficient evidence of conclusions or contradictory in-
terpretation of data.

As a result, more than 100 of the 250 initially selected
papers were excluded due to duplication or non-com-
pliance with quality criteria. The final pool of 60 articles
formed the basis of the analysis, ensuring the breadth of
coverage and methodological reliability of the data ob-
tained. This approach to the formation of the database
collected the most relevant and high-quality materials
reflecting current trends and prospects for further re-
search on the stated topic. This provided additional veri-
fication of the reliability and reproducibility of the results
presented in the publications. Finally, each article was
subjected to a final critical analysis for compliance with
generally accepted standards of scientific reporting and
research transparency.

Results and discussion

Hereditary CVD: Evolution of views

Modern research in the field of genetic predisposition to
CVD is largely based on the Human Genome Project and
the experience of using high-throughput DNA sequen-
cing technologies, which have significantly changed the
notion of this aspect of cardiology.® Early hypotheses re-
garding the heredity of primary diseases such as cardio-
myopathy suggested that most of these pathologies have
a strictly monogenic basis: a single mutation in a “mas-
ter” gene directly leads to a particular disease, such as
HCM or DCM. However, as more genetic studies have
been carried out, increased evidence has been found that

the classic “one gene, one disease” scheme does not re-
flect the complexity of the actual molecular mechanisms
of heart disease. Thus, it was discovered that several car-
diomyopathies are formed with the participation of seve-
ral genetic loci, from rare variants with a moderate effect
(low-frequency, rare variants) to common, but “small” in
terms of the strength of the effect of associated single
nucleotide polymorphisms (SNPs); also, many “structural”
genes or “channel” genes can exhibit pleiotropy, leading
to diverse phenotypes affecting not only the myocardium
but also the arterial system, connective tissue, and some-
times other organs as part of complex syndromes.®

An example of this kind of evolution of views is HCM,
which was initially considered a typical example of a clas-
sical monogenic hereditary pathology. Studies in the early
1990s suggested that HCM was associated with mutations
in sarcomeric protein genes (MYH7, MYBPC3, etc.)."""? It
was assumed that in patients with a confirmed mutation
in MYH7, encoding the heavy chain of beta-myosin, the
form of cardiomyopathy was supposed to be explained
by this single cause. However, a detailed analysis of famil-
ial cases of HCM revealed a highly variable degree of hy-
pertrophy, time of onset, and risk of complications (e.g.,
sudden cardiac death).”> Some mutation carriers showed
an aggressive form of the disease, while relatives with an
identical mutation may have minimal symptoms.’ This
led to the assumption that there are additional modifier
genes whose variants (including common SNPs) can en-
hance or attenuate the manifestations of HCM.' Subse-
quently, sequencing of an expanded set of genes and me-
ta-analysis of population data confirmed the association
of several SNPs with various forms of cardiomyopathy,
and described cases of “overlapping” phenotypes, when
a combination of mutations in sarcomeric proteins and
regulators of calcium homeostasis leads to more severe
hypertrophy or early manifestations.'®

Another example is DCM, the development of which
has been associated mainly with mutations in cytoskel-
etal proteins (LMNA, TTN, etc.). TTN mutations, especially
truncating variants, are quite common in healthy carri-
ers; therefore, a pathogenic TTN mutation alone does
not always lead to severe DCM. The key factor may be
the “load” of additional variants in other genes or the
combination of these variants with external influences
(e.g., toxic or metabolic). This is confirmed by families in
which carriers of the same TTN variant have different clin-
ical manifestations: some develop a malignant form of
dilatation and progressive HF at a young age, while oth-
ers remain subclinical for many years."”” Genetic analyses
(including panel and exome sequencing) are increasingly
revealing a polygenic basis of DCM in several patients:
none of the “major” mutations alone explains the nature
of the lesion, but their combination forms a stable pre-
disposition.'®

In parallel, knowledge about the pleiotropy of genes
responsible, among other things, for the development of
primary myocardial lesions has been expanding. Classi-
cally, it was believed that genes encoding structural ele-
ments (sarcomeric, desmosomal, cytoskeletal) exclusively
affect the mechanical and morphological features of the
myocardium, while “ionic” genes (SCN5A, for example)
affect only the electrical function.'?® However, it has
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been found that mutations in the desmosomal protein
PKP2, which were previously described exclusively in the
context of arrhythmogenic cardiomyopathy (ARC), some-
times lead to dilated form or moderate hypertrophy, and
the pathology itself can affect the electrophysiological
characteristics of the myocardium.?' The model of PKP2
pleiotropy is shown in Table 1. SCN5A, usually associated
with conduction disorders, is in some cases associated
with severe structural remodelling up to left ventricular
dilatation. Thus, the differences in the clinical spectrum
often depend not only on the “central” defect, but also
on a combination of modifying variations that determine
the extent to which cardiac mechanical properties, repo-
larisation, calcium homeostasis, and ultimately the for-
mation of cardiomyopathy are affected.

From a diagnostic standpoint, the shift from a mono-
genic to a polygenic approach means that a patient
suspected of having a genetically determined CVD of-
ten needs to undergo broader genetic screening. Stan-
dardised panels already include genes encoding major
sarcomeric proteins (MYBPC3, MYH7, TNNI3, TNNT2), cy-
toskeleton (DES, LMNA, FLNC), and extracellular matrix-
related genes (FBN1, COL3A7 in certain syndromes).?
However, it is often necessary to perform exome or
whole-genome analysis to identify rare deep variants, in-
sertions/deletions, variations in promoter and enhancer
regions (regulatory regions), and to assess the cumulative
contribution of SNPs. In family-based analysis, it is pos-
sible to perform a Polygenic Risk Score (PRS), which in-
corporates dozens or hundreds of SNPs that individually
have a small effect but in aggregate have a statistically
significant impact on the risk of HF, fibrosis, or adverse
outcomes.? It is equally necessary to consider exogenous
factors such as gender, age, comorbidities, and lifestyle.
Polymorphisms in genes related to lipid metabolism, in-
flammatory factors, and ion transport disorders can, in
some cases, exacerbate the progression of cardiomyopa-
thy, although without a “substantial” primary mutation
in a key structural protein, these polymorphisms rarely
lead to severe changes.?*%¢

Thus, the scientific focus is gradually shifting to the
concept that most primary CVDs are the result of subtle
interactions between a monogenic “core” (the mutation
that determines the main cardiomyopathic phenotype)
and many additional genetic factors that shape clinical
severity and rate of progression. This complicates the

task of prediction: even the detection of a mutation in
MYBPC3 does not always mean a severe course, and the
absence of pathogenic variants in the baseline panel does
not yet exclude a genetic nature. In addition, pleiotropy
is also observed: a single mutation can affect several mo-
lecular processes, i.e., affect sarcomeric function, ionic
regulation, and the extracellular matrix, all of which lead
to a variety of phenotypic manifestations.

All the aspects highlight the need to revise diagnostic
algorithms: instead of a strict search for “one mutation
of one gene”, exome/genomic techniques are relevant,
along with a multi-level assessment of polygenic risk. The
transition to systemic genetics (including transcriptomic,
epigenetic, and proteomic analysis) can clarify the com-
plex network of interactions and suggest potential tar-
gets for therapy or prevention. This requires a concerted
effort: the creation of large international consortia that
combine DNA samples from thousands of patients and
link specific genetic signatures to detailed clinical pic-
tures. This is the only way to obtain statistically reliable
data on rare variants and to compare several “minimally
pathogenic” polymorphisms that together cause severe
disease.

In practice, this perspective can be used in personalised
medicine: specific “vulnerability zones” are identified
in individual patients, observation schemes are adjust-
ed, and preventive measures are more actively taken at
a young age with a high cumulative genetic load. From
a clinical point of view, cell models based on induced plu-
ripotent stem cells (iPSCs) are also useful, being used in
vitro reproduction of pathological changes in the myocar-
dium (both hypertrophy and dilatation) and selection of
individualised drug combinations. However, a real trans-
formation of patient management on a large scale is only
possible with the simultaneous development of afford-
able sequencing technologies, analytical algorithms for
polygenic risk, and educational programmes that create
awareness among physicians of the importance of com-
prehensive genetic assessment in cardiomyopathies.

Lipoprotein(a): The genetic basis of metabolic
predisposition to CVD

Lipoprotein(a) (Lp(a)) is a unique lipoprotein particle
in terms of structure and function, whose role in car-
diology is increasingly recognised as critical due to its
close association with genetic predisposition to CVD.?

Table 1 - The PKP2 model of pleiotropy-*'

PKP2 function Physiological process  Consequences of
dysfunction
Integrity of Electrical Violation of the

slotted contacts communication conduct

Sodium channel Sodium current

function

Reduced excitability

Cell adhesion Mechanical integrity

of the cell

Impaired contractility
and cell death

Calcium homeostasis,
metabolic and me-
chanical regulation

Transcriptional
regulation

Trigger activity

Associated diseases
Brugada syndrome
Brugada syndrome
Dilated cardiomyopathy

Catecholaminergic
polymorphic ventricular
tachycardia

Final phenotype

Arrhythmias + sudden cardiac death
Arrhythmias + sudden cardiac death
Dilated cardiomyopathy / reparative

fibrosis

Arrhythmias + sudden cardiac death
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Lp(a) is structurally similar to low-density lipoprotein
(LDL), as it contains a significant proportion of chole-
sterol and has a modified apoB100 linked by disulfide
bridges to apolipoprotein(a) (apo(a)).”® The percentage
of cholesterol in Lp(a) can reach 45%, and the apo(a)
molecule itself contributes 27% to 50% to the total
protein composition of this lipoprotein particle. Apo(a)
is encoded by the LPA gene on chromosome 6927, has
a kringle domain and a protease domain, and the krin-
gles in apo(a) show significant similarity (78-100%) to
similar structural elements of plasminogen. However, it
is the variability in the number of copies of kringle IV
type 2 (KIV2) that is one of the central factors determi-
ning both the size of the apo(a) isoform and the level
of Lp(a) in the blood: a small number of KIV2 repeats
correlates with a higher Lp(a) content, while a longer
isoform usually corresponds to a relatively low concent-
ration.? Since up to 90% of the variation in Lp(a) levels
is due to hereditary factors, genetic studies focused on
the LPA gene and SNPs confirm a direct causal relation-
ship between elevated Lp(a) concentrations and an in-
creased risk of atherosclerotic events.*® In parallel, eth-
nic differences indicate that people of African descent
usually have significantly higher Lp(a) than Caucasians
or Asians, and Japanese in the Asian cohort often have
levels that exceed those of Indians and Chinese. Dieta-
ry and environmental factors account for only 10% of
Lp(a) levels, which further emphasises the crucial role
of heredity.

Studies have shown that Lp(a) increases the probability
of development of several cardiovascular conditions, in-
cluding coronary heart disease, aortic stenosis (AS, AVS),
peripheral arterial disease (PAD) and ischaemic stroke.?'
In terms of mechanism, the main contribution of Lp(a)
to atherogenesis is explained by its structural similar-
ity to LDL, which helps to carry a significant proportion
of cholesterol that causes deposition in the vessel wall.
However, no less significant is the presence of apo(a)
homology with plasminogen, which leads to competi-
tion for binding to fibrin and attenuation of fibrinolysis.
Thus, Lp(a) complements the atherosclerotic process both
through direct transport of “excess” cholesterol and by
increasing thrombotic complications.?? Thus, the study
determined that oxidised phospholipids (OxPL) pres-
ent in Lp(a) activate the CD36/TLR2 signalling pathway,
causing endoplasmic reticulum stress (ERS). Excessive ERS
results in the formation of foamy macrophages subject
to apoptosis, which leads to the vulnerability of athero-
sclerotic plaques and increases the risk of acute coronary
syndromes.3 OxPL covalently bound to lysine residues in
the K5 fragment of apo(a) has also been found to stimu-
late the secretion of interleukin-8 (IL-8) by macrophages,
thereby creating an additional pro-inflammatory envi-
ronment in the vascular wall.3*

Numerous single-nucleotide polymorphisms, such as
rs10455872 and rs3798220, are significant. Their presence
leads to an increase in Lp(a) and a higher probability of
developing CHD, with odds ratios of 1.70 and 1.92, re-
spectively.®®* The more Lp(a) concentration increases, the
higher the chance of negative coronary outcomes, and
this relationship is robust to adjustments for other risk
factors, such as LDL cholesterol. Lp(a) levels above 30 mg/

dl have been shown to triple the risk of complications
after coronary artery bypass grafting (CABG).** People
whose Lp(a) values fell into the 90th-95th percentile
were almost 90% more likely to have a myocardial infarc-
tion (MI), and those above the 95th percentile were 160%
more likely to have one. A meta-analysis of 30,000 pa-
tients taking statins found that the effect of Lp(a) may be
exacerbated by such therapy, increasing the residual risk
of atherosclerotic complications.

In addition, several studies have analysed ethnic dif-
ferences, as the variability of the LPA gene largely deter-
mines the differences in Lp(a) concentrations between
different racial groups. In individuals with familial hyper-
cholesterolaemia (FH), Lp(a) levels are also often elevat-
ed, which significantly increases their overall cardiovas-
cular risk. With certain “severe” mutations in LDLR, the
level of Lp(a) rises by 30%, and at concentrations above
500 mg/l, the risk of heart attack increases several times.
However, it remains unclear how useful it is to consider
Lp(a) as part of additional risk stratification in patients
with FH.37:38

In the context of PAD, individuals with high Lp(a) con-
centrations, low molecular weight apo(a) phenotypes
and the rs10455872 allele have been found to be at high-
er risk of both symptomatic intermittent claudication and
asymptomatic reduction in blood flow (as assessed by
ABI). Moreover, Lp(a) can cause calcification of the aor-
tic valve, leading to stenosis (AVS) and, according to the
gene association (rs10455872), is associated with a three-
fold increase in risk in people with Lp(a) >90 mg/dL. OxPL
is one of the key mediators that increase inflammation
and disrupt valve structure.®

The mechanisms of thrombosis at high levels of Lp(a)
are explained by the parallel with plasminogen, but in
some groups of patients, a reduced probability of major
haemorrhage was also found, suggesting a complex bal-
ance. Nevertheless, especially in the arterial bed, compe-
tition of apo(a) with plasminogen inhibits natural fibri-
nolysis and increases the risk of arterial thrombosis.®® For
coronary pathology, this may mean more frequent heart
attacks and related complications.

Lp(a) is also closely associated with HF; the presence
of large isoforms of apo(a), significant accumulation of
Lp(a), and concomitant aortic stenosis increase the likeli-
hood of developing HF, partly due to valve and myocar-
dial damage. In Chinese patients, high Lp(a) was found
to be associated with an increased incidence of recurrent
HF in the setting of pre-existing coronary heart disease.
Interesting racial differences have been noted, as a clear
correlation is not always found in African Americans,
while in Caucasians, this relationship is more evident.4#

Another substantial aspect is the issue of major adverse
cardiovascular events (MACE). Elevated Lp(a) levels are an
independent predictor of MACE, including myocardial in-
farction, stroke, and cardiovascular mortality. In patients
with severe inflammation (hs-CRP >2 mg/l), the negative
impact of Lp(a) increases.* It was found that with a 1 unit
increase in logLp(a) and the presence of high hs-CRP, the
risk of MACE increases by 13%. Such findings suggest that
the combination of genetically determined high levels of
Lp(a) and systemic inflammation increases the likelihood
of atherosclerotic complications. However, the question
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of whether this relationship is valid for individuals with
low cardiovascular risk remains unresolved and requires
further study.

For instance, Lp(a) is a largely hereditary determinant
of CVD risk, where the varying number of copies of KIV2,
LPA gene SNPs and associated factors (FH, race, LDLR
mutations) create pronounced interindividual heteroge-
neity. Research on the genetic aspect does not demon-
strate why some people have abnormally high levels of
Lp(a) with relatively good profiles of other lipids but also
highlights the prospects for early genetic testing to pre-
dict the risk of heart attack, stroke, aortic valve stenosis,
and peripheral arterial disease. In the near future, gene
therapy, innovative molecules (e.g., inhibitors of apo(a)
synthesis) and comprehensive consideration of polymor-
phisms in LPA may help to accurately correct Lp(a) levels,
further expanding the toolkit of personalised cardiology.

Molecular genetic basis of heart rhythm disorders
The molecular genetic aspects of inherited cardiac rhy-
thm disorders are being actively studied due to the de-
velopment of next-generation sequencing and improved
methods for functional assessment of ion channels. There
are several large groups of such pathologies, including
long QT syndrome (LQTS), Brugada syndrome (BrS), short
QT syndrome (SQTS) and catecholaminergic polymorphic
ventricular tachycardia (CPVT).** Each of the above no-
sological forms has characteristic electrocardiographic
features, but their underlying cause is largely associated
with mutations in genes encoding ion channel proteins
or their regulatory subunits. In some cases, the patho-
genic variant is detected in classical “channel” genes
(SCN5A, KCNH2, KCNQ1, etc.), in other situations, “mo-
difier” genes (KCNE1, KCNE2, CACNAT1C, etc.) associated
with adaptive or auxiliary functions may be involved.*>4
Incomplete penetrance of mutations is often noted, and
the phenotype itself depends on a combination of gene-
tic and environmental factors.

Long QT syndrome is one of the most studied chan-
nelopathies. For the purpose of this study, we use the
term channelopathies to refer to genetic disorders caused
by mutations in ion channel genes, leading to abnormal
ion flow and contributing to arrhythmias, which are the
observable electrical disturbances in the heart’s rhythm
that result from such mutations. Most researchers point
to at least 17 genes involved in the development of LQTS

(subtypes LQT1-LQT17). LQT1, LQT2 and LQT3 account
for most cases (over 90%). LQT1 is usually associated with
defects in the KCNQT gene, which encodes the a-subunit
of the potassium channel that provides a slowly activated
inward rectifying current (IKs). Mutations can affect the
pore domain, voltage sensor, or regions required for in-
teraction with B-subunits (KCNET) or an adaptor protein
(AKAP9). These mutations impair the channel’s ability to
open fully, decrease ion conductance, and disrupt the as-
sembly of functional subunits, thereby increasing the risk
of arrhythmias. The result is insufficient activation of IKs
and delayed repolarisation, especially during sympathetic
stimulation.?” This explains the clinical observation that
arrhythmias in LQT1 carriers are provoked by stress, exer-
cise, or swimming. Variants in KCNET (LQT5) and AKAP9
(LQT11) act in a similar way, disrupting the coordinated
assembly and regulation of the IKs channel. Mutations
in KCNQ1 can affect the pore domain, voltage sensor,
or interaction sites with regulatory B-subunits (such as
KCNET), leading to insufficient activation of the IKs cur-
rent.*®* This reduced activation of IKs results in delayed
repolarization, particularly during sympathetic stimula-
tion, which can be triggered by stress or physical activ-
ity. These mutations impair the channel’s ability to open
fully, decrease ion conductance, and disrupt the assembly
of functional subunits, thereby increasing the risk of ar-
rhythmias.

The LQT2 subtype (KCNH2) is associated with a defect
in the fast delayed rectifier potassium current (IKr) formed
by the hERG protein. The KCNH2 and KCNE2 genes are
involved in the assembly of this channel, with KCNE2 en-
coding a small auxiliary subunit.>® A decrease in IKr leads
to a significant prolongation of repolarisation, and for
LQT2, the most typical clinical trigger is a sharp sound
stimulus or emotional stress. In contrast, the LQT3 subtype
(SCN5A) is characterised by an increase in the late sodium
current (INa), which causes an additional influx of posi-
tive ions in the plateau phase.>? Mutations in SCN5A can
lead to a “current window"” by delaying the inactivation
of the sodium channel. In contrast to LQT7-LQT2, LQT3
syndrome more often manifests episodes of arrhythmias
during sleep or rest.*->* In addition to SCN5A, there are
several additional sodium channel-related genes (SCN4B,
CAV3, SNTAT), mutations in which lead to less frequent
subtypes of LQTS (LQT9, LQT10, LQT12).5¢ There are also
rare forms of LQTS associated with calcium channels

Table 2 - Genes with confirmed pathogenicity involved in the development of LQTS and their mechanisms of action>"52%

Genetic locus  KCNQ1 KCNH2 SCN5A
Chromosomal  11p15.5 7935-36 3p21-p24
position

Related LQT1, JLNS LQT2 LQT3
syndromes

Encoded Kv7.1 (KCNQ)  Kv11.1 (hRERG)  Nav1.5
protein

Physiological Reduced IKs Reduced IKr Increase in
effects INa1.5
Frequency of ~ 40-55% 30-45% 5-10%

occurrence

CALM1 TRDN KCNJ2 CACNA1C
14932.11 6022.31 17q24.3 12p13.3
LQT14 LQT17 (TKOS)  LQT7, ATS TS, LQT8
Calmodulin Triadin Kir2.1 Cav1.2

ICa-L ICa-L Reduced IK1 ICa-L
amplification  amplification amplification
<1% <1% <1% <1%
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(CACNATC, CACNB2, CALM1/2/3, etc.), such as Timothy
syndrome (LQT8), calmodulin subtypes (LQT14-16) and
cases associated with triadin deficiency (TRDN, LQT17).>7
These genes reflect the diversity of pathways involved in
the regulation of action potential and contractility. The
genes with confirmed pathogenicity involved in the de-
velopment of LQTS and their mechanisms of action are
shown in Table 2.

According to currentclinical criteria, Brugada syndrome
is diagnosed in the presence of a specific ST-segment ele-
vation in the right precordial leads (V,-V,, often in the 2"
or 3@ intercostal space).”® Initially, it was assumed that the
loss of Nav1.5 is central in BrS (SCN5A) function, which re-
duces the fast sodium current and changes the balance of
depolarisation and repolarisation in the right ventricular
outflow tract.® However, other genes (SCN10A, SCN1B,
CACNAT1C, CACNB2, CACNA2D1, etc.) were also contrib-
uting to the pathogenesis. Molecular analysis shows that
some patients do not have the pathogenic variant in
SCN5A at all, which indicates genetic heterogeneity. The
diagnosis of BrS in children is rare, but there are observa-
tions where high risks of sudden death are recorded as
early as 19 years of age. Substantial prognostic factors are
the spontaneous form of BrS type 1 on the ECG, syncopal
episodes in the history and the presence of pathogenic
variants (e.g. c.2131A>T in SCN5A).%° We found that 75%
of LQTS cases could be attributed to mutations in genes
associated with the LQT1-LQT3 subtypes, while only
about 20% of BrS cases were genetically confirmed, with
most cases associated with the SCN5A mutation.

Short QT syndrome (SQTS) is considered relatively rare
and was first described about 20 years ago. Genetic data
indicate about 15% of detectable mutations in patients,
although the spectrum of genes involved is wide (KCNQ1,
KCNH2, KCNJ2, CACNA1C, SLC4A3, CACNA2D1, CACNB2,
etc.). As a rule, a shortened QT reflects accelerated re-
polarisation due to excessive potassium currents or a de-
crease in calcium currents. Mutations in KCNQ1 (SQT2),
KCNH2 (SQT1) and KCNJ2 (SQT3) lead to an increase in
the corresponding IKr, IKs or IK1 potassium currents,
while variants in CACNAT1C, CACNB2, and CACNA2D1
(SQT5-SQT7) reduce calcium entry, ultimately shortening
the action potential and QT interval. It is believed that
males may additionally shorten the QT after puberty, in-
creasing the risk of severe arrhythmias. Due to the low
prevalence of SQTS, genetic studies are fragmentary, but
several pathogenic loci have been identified, including
KCNH2, KCNQ1, and KCNJ2.%

Catecholaminergic polymorphic ventricular tachycar-
dia is characterised by the occurrence of ventricular ar-
rhythmias under the influence of physical activity or emo-
tional stress in the presence of normal rest. It is caused
by mutations in genes that regulate calcium homeostasis
in the sarcoplasmic reticulum. The most common cause
of CPVT (up to 55% of cases) is defects in RYR2 (R4496C
and others), which encodes a type 2 ryanodine recep-
tor.®? Impaired control of Ca?* release provokes delayed
postdepolarisation and, consequently, polymorphic VEs
(ventricular extrasystoles), which develop into danger-
ous tachycardias. Of patients, 5% have CASQ2 (calseques-
trin-2), in which the disease is autosomal recessive and
usually occurs in a particularly severe manner. There are

also additional genes CALM1, CALM2, CALM3, and TRDN
involved in the regulation of the response to B-adrenergic
stimulation.®® Genetic approaches to CPVT therapy (allele-
specific silencing, restoration of normal RYR2 expression)
are currently being tested using animal models.%

Modern data also describe several other, rarer forms
of hereditary supraventricular rhythm disorders, where
the contribution of genetic factors is only beginning to
be clarified. In the atrioventricular nodal recurrent tachy-
cardia syndrome (AVNRT), mutations in genes associated
with sympathetic regulation, sodium/calcium channels,
and Purkinje fibre structure are thought to be involved.5
Although the specific genes responsible for familial
AVNRT remain unidentified, next-generation sequencing
is increasingly revealing rare variants at SCN1A, SCN2B,
RYR2, ATP2A2 and some other loci in patients with recur-
rent episodes. It is likely that AVNRT, similarly to many
channelopathies, involves a polygenic basis and interacts
with autonomic regulation.

Thus, in all these hereditary arrhythmia syndromes
(LQTS, BrS, SQTS, CPVT, etc.), a common principle remains
genetic heterogeneity, incomplete penetrance, and often
multigene character. Currently, genetic testing is recom-
mended in cases of obvious or suspected hereditary ar-
rhythmia to clarify the type of mutation (or several) and
determine the risks for families.®® Most of the known
channelopathies follow an autosomal dominant pattern,
but autosomal recessive or even X-linked forms are also
found. Given the progress of NGS, routine gene panels
for LQTS, BrS, SQTS, CPVT or mixed phenotypes contain
dozens of key loci, including SCN5A, KCNQ1, KCNH2,
CACNA1C, KCNE1/2, RYR2, etc. Nevertheless, some cases
remain “mutation-negative”, which indicates unexplored
regions of the genome (regulatory regions, deep introns,
rare structural rearrangements) or the influence of mul-
tiple polymorphisms in combination.

Clinical guidelines suggest that, in addition to genet-
ic analysis of the proband, first-line relatives should be
screened: some silent carriers may not have a QT interval
or ST-elevation potential, but the risk of malignant epi-
sodes under certain stressful conditions remains high.?” In
addition, by correctly determining the genetic subtype,
it is possible to individualise the approach to treatment:
for example, in LQT3, it is advisable to place a wider em-
phasis on late sodium current blockers (mexiletine or ra-
nolazine), in LQT1, beta-blockade is primarily substantial,
and in BrS, implantation of a cardioverter-defibrillator is
often discussed to prevent sudden death. In rarer cases
(calmodulin forms of LQTS), standard methods may be
ineffective, which emphasises the importance of a clear
molecular analysis.

Gene therapy remains one of the most promising ar-
eas, especially for CPVT, where the possibility of restor-
ing normal RYR2 function or suppressing the mutant al-
lele using AAV vectors and silencing RNA in animals has
already been demonstrated.®®7° Although the study has
not yet progressed beyond the preclinical stage, the re-
sults are noteworthy. In an experimental mouse model
of Catecholaminergic Polymorphic Ventricular Tachycar-
dia (CPVT) carrying the heterozygous RYR2 R4496C mu-
tation, researchers delivered a cardiactargeted viral vec-
tor expressing a mutantspecific small RNA (miRYR2U10)
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to selectively silence the mutant allele via RNA interfer-
ence (RNAI). Following treatment, the ratio of wildtype
to mutant RYR2 mRNA doubled, total RyR2 protein in the
heart was only modestly reduced (~15 %), and the inter-
vention abolished adrenergically induced delayed after-
depolarizations, prevented stresstriggered ventricular
tachycardia, and reversed ultrastructural abnormalities of
calciumrelease units and mitochondria.” Similar projects
should be expected in the foreseeable future for forms of
SQTS and some severe variants of LQTS.

As the use of genetic testing becomes more wide-
spread in clinical cardiology, ethical considerations about
genetic privacy, data storage, and informed consent will
become increasingly important. Ensuring that patients
fully understand the implications of genetic testing, in-
cluding how their data will be used and stored, is crucial
to maintaining ethical standards in genetic medicine.’>7

In summary, the genetic basis of hereditary arrhyth-
mias includes a very wide range of loci encoding potas-
sium, sodium, and calcium channels and proteins involved
in ion transport or regulatory mechanisms (RYR2, CASQ2,
AKAP9, SNTAT, etc.). Given that a detailed diagnosis (in-
cluding the identification of precise mutations) not only
explains the phenotype in a particular patient but also
provides substantial information about the risks for fam-
ily members, genetic testing is central to modern cardiol-
ogy. Even if the mutation has incomplete penetrance, the
carrier needs regular monitoring and prevention.

Conclusions

Modern research shows that hereditary CVDs are often
complex and polygenic in nature, and as a result, a sin-
gle mutation does not always explain the full range of
clinical manifestations. For example, in cases of LQTS syn-
drome, genetic defects can be detected in approximately
75% of patients, with more than 90% of the mutations
detected being concentrated in the LQT1-LQT3 subtypes.
On the other hand, only about 15% of SQTS cases have
detectable changes (most commonly in the KCNH2 and
KCNQT1 genes), and BrS, which is associated mainly with
loss of SCN5A function, is confirmed by genetic analysis
in only 20% of cases. At the same time, RYR2 mutations
are found in about 55% of CPVT cases, and about 5% of
CASQ2 mutations.

An additional target of study is Lp(a), which can con-
tain up to 45% of cholesterol in a particle and is encoded
by the LPA gene (6g27); an increase in its level correlates
with atherosclerosis and thrombosis, indicating the role
of not only structural but also metabolic factors. Such
heterogeneity confirms that a single “monomutation”
cannot explain the entire set of clinical manifestations,
so the emphasis is shifting to polygenic combinations, in-
cluding “modifier” polymorphisms. The latest panel and
exome sequencing methods, as well as functional tests
(e.g., IKs, IKr, late INa), provide a more systematic risk as-
sessment and adaptation of therapy.

The main limitation of this review is the disparity of
primary sources and the lack of a single database, which
makes a unified meta-analysis difficult. Due to the pleio-
tropic effects of several genes and the polygenic nature

of many hereditary CVD pathologies, it is advisable to
compile a list of analysed loci and use wider genetic pan-
els for a full assessment of genetic risk. This has a signifi-
cant potential to address the combined contribution of
not only the main pathogenic variants, but also modifier
polymorphisms that can significantly affect the clinical
picture. Such a strategy can help improve the accuracy
of diagnosis and create prerequisites for a more targeted
correction of therapy, considering the complex nature of
the pathology. Further research in this area should focus
on the formation of international registries integrating
genomic, phenotypic and environmental data, as well as
the development of high throughput bioinformatic tools
for their clinical application. In addition, it is necessary to
study the combined phenotypes of mutations in structur-
al proteins and ion channels, unify diagnostic approaches
and functionally validate new genetic variants.
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SOUHRN

Upgrade na srdecni resynchronizacni [écbu je zavedend metoda k 1é¢bé pacient(l s trvalym kardiostimu-
ldtorem nebo implantabilnim kardioverterem-defibrildtorem, u nichz se rozvinou piiznaky srde¢niho
selhani a dysfunkce levé komory. Stimulaci navozena kardiomyopatie predstavuje potencialné reverzi-

nebo stimulace prevodniho systému srdec¢niho.

ABSTRACT

Upgrade to cardiac resynchronization therapy is an established method to treat patients with a permanent
pacemaker or implantable cardioverter-defibrillator who develop symptoms of heart failure and left ventric-
ular dysfunction. Pacing induced cardiomyopathy represents a potentially reversible cause of left ventricular
dysfunction that can fully recover after implantation of biventricular pacing or conduction system pacing.

Upgrade

Introduction

Cardiac resynchronization therapy (CRT) is a method of
device treatment for patients with heart failure and wide
QRS complexes. Patients with a permanent pacemaker
(PM) or an implantable cardioverter-defibrillator (ICD)
with a high percentage of right ventricular pacing (RVP)
who develop signs of heart failure and have a left ventri-
cular ejection fraction (LVEF) <35% despite adequate me-
dical therapy are indicated for upgrade to biventricular
pacing.! The goal of treatment is to improve heart failu-
re symptoms and reduce mortality. Upgrade accounts for
approximately a quarter of all CRT implantations. In the
Czech Republic, 29% of all patients who underwent CRT
were upgraded in the CRT Survey Il study from October

2015 to December 2016.% Patients after the upgrade were
excluded from first large randomized clinical trials with
CRT, however, recently some clinical trials have demon-
strated strong evidence for clinical benefit of upgrade
procedures. The next research is focusing on pacing-in-
duced cardiomyopathy, which is the most common cause
leading to an upgrade to CRT.

Pacing induced cardiomyopathy

Definition and prevalence
Pacing induced cardiomyopathy (PICMP) is defined as left
ventricular (LV) systolic dysfunction due to a high percen-
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tage of right ventricular (RV) pacing. Nevertheless, there
is no clear definition of PICMP. Most clinical criteria are
based on a decrease in LVEF below the cut-off value or
the drop of LVEF from the value before PM or ICD im-
plantation. The most used definition is the evidence of
LVEF <50% and decrease in LVEF of at least 10% from the
baseline before primo-implantation during RV pacing of
at least 20%.3* The prevalence of PICMP thus varies de-
pending on the definition used and is reported from 6%
to 25%, overall cumulative prevalence is 12%.3° The time
from primo-implantation until development of PICMP
can vary significantly between patients, with the shortest
time interval described being one month, while cases of
PICMP developing more than 15 years after implanta-
tion have been reported.5” For the diagnosis of PICMP,
other causes of left ventricular systolic dysfunction must
be excluded - ischemic heart disease, valvular disorders,
arrhythmias, cardiomyopathies, and other structural he-
art diseases.

History of right ventricular pacing and left
ventricular systolic dysfunction

Pacing is an effective treatment for patients with sympto-
matic sinus node (SN) disease. It also reduces symptoms,
increases functional capacity, and reduces mortality in pa-
tients with atrioventricular (AV) block, and is also used to
control heart rate in atrial fibrillation when pharmacolo-
gical therapy fails. DDD pacing was preferred method for
SN disease for a long time because of the maintenance of
AV synchrony. However, since the 1990s, studies have be-
gun to appear that RV pacing led to a higher risk of heart
failure, atrial fibrillation, and dilation of heart chambers
than in patients with atrial pacing.®'* The Mode Selection
Trial (MOST) study focused on a group of patients with
DDDR pacing and a group with VVIR pacing." Subanaly-
sis of the results showed that patients with a higher per-
centage of ventricular pacing, regardless of the pacing
mode, had a higher risk of hospitalization for heart fai-

SPONTANEOUS

lure and a higher risk of developing atrial fibrillation.
Even patients with a DDDR pacemaker with preserved AV
synchrony had a 2.6-fold higher risk of hospitalization for
heart failure when RV pacing >40% compared to pati-
ents with a normal QRS complex. The risk of heart failure
progression was also higher in patients with pre-existing
left ventricular dysfunction. In the Dual Chamber and VVI
ICD Trial (DAVID) study, the authors randomized patients
with pre-existing left ventricular dysfunction indicated
for ICD implantation.'®* The first group had the device
programmed in the VVIR mode at 40/min, the second
group had DDDR at 70/min. At the end of the follow-up,
a higher number of deaths and hospitalizations for heart
failure were demonstrated in the DDDR-70 group. RV pa-
cing >40% had worse overall outcomes — quality of life
in questionnaires increased with decreasing percentage
of ventricular pacing, and it was also shown that every
10% of RV pacing increased the risk of hospitalization for
heart failure. The Multicentre Automatic Defibrillator Im-
plantation Trial Il (MADIT II) demonstrated the benefit of
ICD in primary prevention in patients with heart failure
and ischemic cardiomyopathy compared to conventional
drug therapy, but a secondary finding of the study was
a twofold higher risk of newly diagnosed heart failure
in patients with RV pacing.'*'> Recently, several studies
have been conducted with patients without left ventricu-
lar dysfunction and a high percentage of RV pacing. Kie-
hl et al. followed a group of patients with complete AV
block and normal left ventricular systolic function, LVEF
>50%. During the 4.3-year follow-up period, PICMP was
observed in 12.3% of patients. The main risk factors for
the development of PICMP were found to be RV pacing
>20% and pre-implantation lower LVEF.

Pathophysiology - electrical and mechanical
dyssynchrony

Abnormal electrical and mechanical activation, described
as dyssynchrony, are the underlying mechanism for the

ACTIVATION RV PACING BV PACING
DYSSYNCHRONY
T s & 5
LV LEAD
0O ms I I 124 ms

Fig. 1 - Electro-anatomical map of ventricular activation during (A) spontaneous propa-
gation of the impulse (QRS 115 ms), (B) right ventricular pacing, (C) biventricular pacing.

Adapted from 19.
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development of PICMP. Ventricular dyssynchrony caused
by RV pacing leads to chronic LV remodelling, including
asymmetric hypertrophy and redistribution of cardiac
mass, progression of mitral regurgitation, enlargement
of the left atrium, and decreased LVEF.'® These negative
effects of RV pacing explain an increased risk of develo-
ping heart failure and atrial fibrillation. Electrical dyssyn-
chrony caused by RV pacing is a heterogeneous electric
propagation on ventricular myocardium similar to LBBB,
where the Purkinje fibre system does not contribute sig-
nificantly to the electrical activation of the ventricles, and
electrical impulses are conducted exclusively by the wor-
king myocardium “myocyte to myocyte”. The electrical
activation of the ventricles leads to a wide QRS complex
and is asynchronous, when the interventricular septum
is activated first, from which the excitation subsequently
spreads to the site of the latest activation, which is usu-

Mechanical stretch / dyssynchrony

Cytokines and growth factors x

Vasoactive peptides

Neurohormonal
activation Ischaemia
ECM PROTEINS ; PROTEOLYTIC ENZYMES
& ’? MMPs
& e
22,9 >
XTI o T
3

Fig. 2 - Biomechanical factors causing extracellular matrix produc-
tion and remodelling. Adapted from 20.

Table 1 - Acute and long-term effects of right ventricular pacing

Metabolism Changes in local perfusion
Changes in oxygen consumption
Remodelling Asymmetric hypertrophy

Histopathological changes — increased
fibrosis, myofibrillar disarray

Ventricular dilation and systolic dysfunction
Functional mitral regurgitation
Hemodynamic Reduced cardiac output
Increased left ventricular filling pressures

Mechanical
function

Changes in myocardial strain
Interventricular dyssynchrony

Intraventricular dyssynchrony

ally the base of posterior and lateral left ventricle wall,"”
see Fig. 1. Electrical dyssynchrony thus leads to mechani-
cal dyssynchrony, which is caused by earlier contraction
of the right ventricle — interventricular dyssynchrony,
and by impaired contraction within the left ventricle -
intraventricular dyssynchrony. RV pacing leads to early
activation of fibres near the pacing site (interventricular
septum or RV apex) which caused a pre-stretch of later
activated LV segments (posterior and lateral left vent-
ricle wall) and does not contribute to the ejection phase
of cardiac cycle. Conversely, in the late activated lateral
segments, pre-stretch occurs at the beginning of systole
and is followed by increased systolic contraction and de-
layed relaxation.'® However, part of the contraction later
activated segments is used to stretch the already relaxed
septal segments. This abnormal pattern of contraction of
different LV segments leads to a redistribution of myocar-
dial strain and subsequently less effective contraction."”
Histopathologically, during long-term RV pacing, changes
occur at the cellular level, including myofibrillar disarray,
fibrosis, fatty tissue deposits, sclerosis, and mitochondrial
changes, see Fig. 2, which then cause changes in cardiac
metabolism and remodelling, and it leads to the hemody-
namical and functional deterioration, see Table 1.

Hemodynamic effects of right ventricular pacing
Although LV remodelling due to RV pacing is considered
as chronic process that requires months to years to mani-
fest as cardiomyopathy, some acute hemodynamic effects
have been observed early in few minutes after RV pa-
cing.?" During invasive hemodynamic testing, RV pacing
versus atrial pacing was found to result in higher wedge
pressures, higher pulmonary artery and right atrial pressu-
res, and during exercise testing to lower cardiac output.?
In addition to the deterioration of left ventricular systo-
lic function, diastolic function is also negatively affected
during RV pacing - asynchronous relaxation during RV
pacing causes prolonged isovolumic relaxation time and
worse ventricular filling.* Mechanical dyssynchrony may
manifest itself on transthoracic echocardiography as spe-
cific dynamics of left ventricular contraction, which can be
described in common practice as “septal flash” or “apical
rocking”.? Stankovic et al. in a subanalysis of the PRE-
DICT-CRT study monitored the occurrence of septal flash
and apical rocking which was present in 66% of patients
with LBBB and in only 23% of patients undergoing an
upgrade to CRT.?” Patients in whom mechanical dyssyn-
chrony was noted had a better volumetric response and
a longer overall survival.

The effect of right ventricular pacing on mitral
regurgitation, tricuspid regurgitation and atrial
fibrillation

RV pacing can lead to the progression of tricuspid and
mitral regurgitation. Results suggest that each of these is
influenced by different pathophysiological mechanisms.
The mechanism of mitral regurgitation can be explained
by left ventricular dysfunction during RV pacing, which
increases the size and volume of the left ventricle, lea-
ding to functional mitral insufficiency, which causes fur-
ther volume overload and left ventricular dysfunction.®
Furthermore, mechanical dyssynchrony of the papillary
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Fig. 3 - The spectrum of potential manifestation of pacing induced cardiomyopathy. Adapted from 21.

muscles affects the mitral leaflets and causes impaired co-
aptation.? The principle of tricuspid regurgitation during
RV pacing is not entirely clear, the severity of tricuspid
regurgitation is not influenced by the position of the RV
lead or the percentage of RV pacing.?3 The most likely
cause of tricuspid regurgitation seems to be the mechani-
cal effect of the introduced RV lead, which passes throu-
gh the tricuspid annulus and thus limits movement of the
tricuspid valve leaflets. RV pacing is also associated with
higher incidence of the new onset of atrial fibrillation,
which could be explained by increased left atrial filling
pressure, impaired left atrial contraction, and left atrial
dilation.?' Nielsen et al. demonstrated a higher inciden-
ce of atrial fibrillation in patients with sick sinus syndro-
me with dual-chamber pacing compared with the same
group with atrial pacing during a mean follow-up of 2.9
years (23.3% versus 7.4%).32 Similarly, in a subanalysis of
the MOST study, the incidence of atrial fibrillation corre-
lated with increasing percentage of RV pacing.'

The effect of right ventricular lead position

The apex of the right ventricle has often been chosen as
the site of RV pacing because it is easily accessible and
allows stable and long-term placement of the lead.*
Most data on the adverse effects of RV pacing are based
on apical pacing. One predictor of the development of
left ventricular systolic dysfunction is the duration of the
paced QRS complex.3* Therefore, it is assumed that non-
-apical pacing of the right ventricle, closer to the cardiac
conduction system, will lead to faster electrical activati-
on and less mechanical dyssynchrony. Patients with right
ventricular outflow tract pacing and septal pacing were
included in the studies, in which there was no difference
in acute and chronic pacing thresholds and no differen-
ce in lead stability compared to apical RV pacing.* Me-
tanalysis have not consistently demonstrated a benefit
of non-apical RV pacing on functional class, symptoms,
exercise tolerance, and mortality.*® Janousek et al. pub-
lished a multicenter study in which over 100 children with
structurally normal hearts and permanent cardiac pacing
for complete congenital AV block were included.?” A total
of 7 pacing sites were identified (4 in the right ventricle
and 3 in the left ventricle). At long-term follow-up, pa-

tients with RV pacing from any site had lower LVEF and
greater inter- and intraventricular dyssynchrony compa-
red to LV pacing. These results lead to the conclusion that
pacing of the right ventricle from any site will lead to
adverse effects and left ventricular dysfunction during
long-term follow-up.

Risk factors for pacing induced cardiomyopathy

It is not yet fully understood why PICMP develops only in
a subset of patients with a high percentage of RV pacing
and why some patients tolerate RV pacing without deve-
loping signs of heart failure. The main risk factors repor-
ted in most clinical studies include pre-existing left vent-
ricular dysfunction and a longer native QRS complex.>2':38
Other risk factors include male gender, ischemic heart di-
sease, atrial fibrillation, and chronic renal failure.3?' Risk
factors for the development of PICMP that can be asse-
ssed after implantation of a permanent pacemaker are
the percentage of RV pacing and the wider paced QRS
complex.>2'3® The threshold value of RV pacing leading
to the development of PICMP was reported in the first
studies to be around 40%,'>" in subsequent studies the
threshold value of RV pacing was even around 20%.738
Identification of risk factors is important in preventing
the development of PICMP and should be considered be-
fore implantation of a permanent pacemaker. However,
susceptibility to PICMP is highly individual and the risk
factors listed do not have clearly defined thresholds. The-
refore, regular monitoring of all patients after implanta-
tion of a permanent pacemaker is important.

Upgrade to cardiac resynchronization therapy
with biventricular pacing

Clinical effect of upgrade to biventricular pacing

Biventricular (BiV) pacing has been the most widely used
strategy for patients with left ventricular dysfunction in-
duced by RV pacing. Patients who have been upgraded
to biventricular pacing have been excluded from the first
large, randomized trials of CRT. The original data were
based on smaller observational studies with short follow-
-up periods. Recent meta-analysis of patients with retro-
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spective evaluation showed a significant increase in LVEF
after upgrade to BiV pacing average of 8% and a signi-
ficant decrease in left ventricular end-systolic volume.*
In a meta-analysis evaluating only patients with PICMP,
a more significant increase in LVEF after upgrade to BiV
pacing was reported, ranging from 11% to 19%.3 The be-
tter result may have been influenced by the absence of
patients with significant structural heart disorder among
patients with PICMP. Similar results were obtained in
another meta-analysis evaluating the effect of upgrading
to BiV pacing between patients with PICMP and patients
with heart failure and a high percentage of RV pacing,
where a more significant increase in LVEF was found in
the PICMP group (13% vs. 10%), but the difference be-
tween the groups was not statistically significant.®* Severe
mitral regurgitation induced by RV pacing often impro-
ves after the CRT implantation, the effect on mitral re-
gurgitation begins immediately after the start of therapy
and persists during long-term follow-up.*' BiV pacing is
also associated with a significant decrease in BNP com-
pared with RV pacing.®? The Budapest CRT upgrade study
was the first to demonstrate the clinical benefit of the
upgrade in a prospectively monitored population, where
patients with heart failure, a wide paced QRS complex,
and a high percentage of right ventricular pacing were

randomized 3 : 2 to upgrade to CRT-D versus ICD. Patients
who received the upgrade had a better composite pri-
mary outcome of all-cause mortality, hospitalization for
heart failure, and reverse left ventricular remodelling at
12 months of follow-up.* This effect was also evident in
the group of patients with atrial fibrillation.*

Comparison of CRT upgrade versus de novo CRT

According to subanalysis of the CRT Survey Il focusing on
the characteristics of patients undergoing CRT implan-
tation in Europe, upgrade accounted 28% of all implan-
tations in the period 10/2015-12/2016.> A lot of studies
have often compared patients with CRT upgrade versus
patients with de novo CRT, however, these are not hete-
rogeneous groups of patients, and therefore the results
of those studies have often been contradictory.*® In ge-
neral, patients with CRT upgrade versus de novo CRT are
older, more male, have more comorbidities such as ische-
mic heart disease, valvular defects, and more often have
atrial fibrillation, chronic renal failure, and anaemia.*>*#
Patients after upgrade are also less likely to have full he-
art failure medication.*> The largest review on this topic
demonstrated the same benefit of upgrade vs de novo
on overall mortality and risk of heart failure, as well as
there was no clinical difference in improvement in LVEF
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Fig. 4 - Comparison of ECG recordings before and after upgrade to CRT using biventricular pa-
cing. Panel A shows the ECG during RV pacing, with a QRS duration of 184 ms. Panel B shows
the ECG during BiV pacing, with a QRS duration of 146 ms.
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between the two groups and patients showed similar im-
provement in functional parameters assessed using the
NYHA classification and similar narrowing of the QRS
complex.*®

Comparison of upgrade to CRT-P versus

upgrade to CRT-D

Most patients indicated for upgrade to CRT have reduced
LVEF below 35% and therefore fulfil the indication class
for ICD implantation in primary prevention.* The most
common indication for upgrade to CRT is PICMP, which
is potentially reversible, and with BiV pacing LVEF may
improve above the threshold of 35%, which gets the pa-
tient outside of the indication for ICD. There is no study
that would clearly recommend adding an ICD in primary
prevention at the time of upgrade to CRT. Leyva et al. de-
monstrated the benefit of upgrading to CRT-D in patients
without prior ventricular arrhythmia in reducing morta-
lity and hospitalization for heart failure.®® On the other
hand, in a strictly selected group of patients with PICMP,
Barra et al. did not demonstrate a difference in the inci-
dence of ventricular arrhythmias between patients with
CRT-P and CRT-D patients.”’ Another study demonstra-
ted a reduction in ventricular arrhythmias after upgrade
to CRT.>2 Therefore, the adding of ICD to CRT should be
made carefully, considering the complications caused by
this treatment: inadequate therapy, greater risk of infec-
tions and potential restoration of left ventricular func-
tion in PICMP patients.

Conduction system pacing and upgrade

to cardiac resynchronization therapy

Conduction system pacing is a new emerging modality
that includes His bundle pacing (HBP), left bundle branch
area pacing (LBBAP). Compared with RV pacing, HBP re-
duces death, heart failure, and the need for upgrade to
BiV pacing in patients requiring permanent pacing, with
pacing rates exceeding 20%.>3 HBP is also associated with
lower interventricular and intraventricular dyssynchrony,
which prevents the development of systolic dysfunction
and progression of mitral regurgitation due to asynchro-
nous contraction.>* HBP results in narrowing of the QRS
complex and can be used in the context of CRT when pa-
cing occurs distal to the site of block or delay.>® In patients
with PICMP, HBP compared with conventional RV pacing,
leads to narrowing of the QRS complex and leads to re-
verse remodelling of the left ventricle and improvement
of LVEF.56 The success rate of HBP implantation ranges
from 88% to 95%, and the number of responders with
an improvement of LVEF > 10% was over 75%. Due to
the difficulty of lead implantation for HBP and the in-
stability of pacing parameters during follow-up, the way
has been opened to LBBAP,*”*® which provides excellent
long-term results with the high implantation success rate
of over 90% and the stability of pacing parameters. In
patients indicated for CRT, LBBAP led to narrowing of the
QRS complex and improvements in echocardiographic
and clinical parameters.> LBBAP has been shown to signi-
ficantly narrow the QRS complex, improve LVEF, decrease
BNP, and improve NYHA functional class in patients with
PICMP and has demonstrated stable pacing parameters
over 12 months.5%2 In other studies, LBBAP has shown

greater echocardiographic improvement after upgrade
than biventricular pacing, but this effect did not affect
clinical outcomes such as mortality or hospitalization for
heart failure.%® Furthermore, HBP or LBBAP can be used
in patients in whom a LV lead cannot be implanted, for
example for anatomical reasons.

Prevention of pacing induced cardiomyopathy
Percentage of RV pacing is one of the main predictors of
the development of PICMP.% Therefore individual pace-
maker or ICD manufacturers have developed algorithms
to program their devices to minimize RV pacing.5-8 All
these algorithms significantly reduced the amount of
RV pacing, but often due to the effort to preserve the
AV conduction itself, AV synchrony was impaired. These
patients often had AV intervals longer than 350 ms and
in some cases these algorithms were proarrhythmic. In
a published meta-analysis of algorithms for minimizing
RV pacing, these algorithms did not reduce the incidence
of atrial fibrillation, all-cause hospitalizations, or overall
mortality.®® RV pacing minimalization algorithms have
been shown to be effective, but they did not provide the
desired clinical benefit for patients.”®

Another strategy to prevent heart failure due to RV
pacing is to implant a CRT device in patients with risk fac-
tors for developing PICMP. The HOBIPACE study suggest-
ed that patients with left ventricular systolic dysfunction
and a predicted high percentage of RV pacing benefit
from CRT versus conventional RV pacing.”’ The BLOCK-HF
study, which followed patients indicated for permanent
pacing with third-degree AV block, pre-existing heart
failure with an EF <50% showed that BiV pacing had low-
er overall mortality, fewer heart failure initiations, and
smaller left ventricular end-systolic volume than RV pac-
ing.”? Furthermore, the CRT group had better NYHA func-
tional class and better quality of life. The BioPace study,
which enrolled patients indicated for pacing for complete
AV block or a PR interval >230 ms with normal LVEF, did
not demonstrate a benefit of BiV pacing on mortality and
hospitalization for heart failure compared with standard
RV pacing.” Therefore, BiV pacing is used in patients with
expected higher percentage of RV pacing and preexisting
LV dysfunction.

Conduction system pacing (CSP) is another method used
to prevent PICMP. Due to the significant reduction in the
QRS complex, CSP results in smaller electrical and struc-
tural changes than RV pacing. In patients with preserved
ejection fraction, HBP leads to a significant reduction in
hospitalization for heart failure and a trend towards a re-
duction in overall mortality compared with patients with
standard RV pacing.>® Similarly, LBBAP reduces hospital-
ization for heart failure and overall mortality in patients
with preserved left ventricular function and an indication
for permanent pacing.> These results, which favor HBP
and LBBAP over RV pacing, were achieved with at least
20% pacing.

Another clinical indication for permanent pacemaker
implantation is permanent atrial fibrillation with rapid
ventricular response, which is indicated for AV junction
ablation and permanent pacemaker implantation, the
so-called ablate and pace strategy. In the APAF study, in-
cluding patients with systolic dysfunction undergoing AV
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Fig. 5 - Graph showing periprocedural comorbidities and association with de novo CRT implanta-

tion or CRT upgrade. Adapted from 87.

junction ablation, the CRT implantation versus RV pacing
had a 63% lower risk of hospitalization for heart failure
or worsening of heart failure. A recently published study
comparing CSP versus RV pacing confirmed that both HBP
and LBBAP had lower mortality or fewer hospitalizations
for heart failure.”” A small observational study further
confirmed greater success in lead placement and fewer
subsequent lead-related complications in the LBBAP ver-
sus HBP group in patients undergoing AV junction abla-
tion for atrial fibrillation.”™

Responders of upgrade to CRT

Pacing induced cardiomyopathy is a potentially reversible
cause of left ventricular systolic dysfunction, which can
improve after resolution of electromechanical dyssyn-
chrony. QRS complex narrowing from baseline, higher
initial RV pacing and sinus rhythm were found as inde-
pendent predictors of improvement in LVEF after CRT
upgrade.*”7677 Significantly reduced LVEF <20% at the
time of implantation, advanced age, and renal failure
were found to be predictors of higher mortality after
upgrade.’®’” The number of responders to CRT varies in
individual studies depending on the definition. Khurshid
et al. included patients with PICMP and defined a positive
response as an improvement in LVEF of >5%,* and prove
86% of responders in group of patients with PICMP, in
addition, 72% of patients who had LVEF <35% at baseline
had an improvement exceed LVEF >35% and fell outside
the indication for primary preventive ICD implantati-
on. The greatest improvement occurred within the first
3 months after the upgrade. A study including patients
with all indications for upgrade had a numerically slightly
lower rate of responders (76%), but the treatment effect
was still significant (80). Patients with CRT upgrade for

PICMP have greater QRS narrowing, LVEF improvement
and lower hospitalizations for heart failure compared to
patients with CRT upgrade for another reason. This re-
sult is probably due to the absence of structural damage,
especially LV scar and ischemic heart disease, in the PICMP
group.®'®

Complications after upgrade to cardiac
resynchronization therapy

Patients undergoing upgrade to CRT are in general older
and have more comorbidities compared to de novo pati-
ents, indicating greater frailty and are thus potentially at
higher risk of developing acute and late complications,
which may disadvantage potential responders to thera-
py. In the large database, major complications such as
the need for lead revision, pneumothorax, or coronary
sinus perforation were more frequently recorded after
upgrading compared to de novo patients.®® In a subana-
lysis of the REPLACE registry that focused on upgraded
patients, the most common complication was lead dislo-
cation or malfunction in 7.9% of patients, followed by
hematoma in 1.5% of cases, and infection in 0.8% during
6-month follow-up.® A subanalysis of the recent CRT Sur-
vey Il study reported similar periprocedural complications
in both groups (5.1% upgrade and 5.7% de novo CRT).
However, patients with de novo CRT had longer fluo-
roscopic time and a higher number of pneumothoraxes.
Both complications may be related to the need for multi-
ple lead implantation. On the other hand, patients with
upgrade had a higher incidence of bleeding complicati-
ons, which may be due to the higher number of patients
with atrial fibrillation and the need for long-term oral
anticoagulant therapy.®® The most feared complication
after CRT upgrade is infection of pacing system, which
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has a significant impact on patient mortality and morbi-
dity. This generally prolongs the length of hospital stay
and brings a financial burden on the healthcare system.
The only effective approach is pacing system explanation.
Upgrade to CRT appears to be an independent risk factor
for infection of the pacing system. This is consistent with
the results of the Danish registry, which showed a higher
incidence of late infectious complications in patients af-
ter the upgrade.®

Conclusion and future perspectives

Upgrading to CRT is an established and effective method
of treating patients with preexisting device, left ven-
tricular dysfunction and wide QRS complex. Due to the
introduction of CSP, the number of patients with PICMP
will decrease in the future, but still there will be a high
proportion of patients with an implanted device and pro-
gression of their cardiomyopathy. These patients are the
most difficult to resynchronize with, where a combinati-
on of both CSP and BiV pacing methods such as LOT-CRT
(left bundle branch area pacing optimized cardiac resyn-
chronization therapy) or HOT-CRT (His-Purkinje conduc-
tion system pacing optimized cardiac resynchronization
therapy) can be used.
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SUHRN

Anomalie koronarnych artérii sa vSeobecne v populdcii vyskytuju velmi zriedkavo. M6zu byt ako izolovana
anomadlia alebo ako sucast vrodenych chyb srdca. Len 20 % je potencionélne klinicky signifikantnych, mozu
sa prezentovat zZivot ohrozujucimi priznakmi ako napr. myokardidlnou ischémiou, malignou komorovou
arytmiou alebo nahlou kardidlnou smrtou. Obycajne su zachytené ako nadhodny nélez pocas CT, resp. ka-
tetrizacnej koronarografie. Predstavuju druhu najcastejsiu pricinu smrti u mladych Sportovcov po hypertro-
fickej obstrukcnej kardiomyopatii. V tomto prehladovom ¢lanku sa pre zjednodusenie a klinicky vyznam
zameriavame na najcastejsie sa vyskytujuce anomalie korondrnych artérii, ktoré moézu byt klinicky vyznam-
né a vyzaduju si intervenciu, ¢i uz katetriza¢nu, alebo kardiochirurgicku. Zaroven popisujeme silné a slabé
stranky jednotlivych modalit pri zobrazeni koronarnych artérii. Samostatnu pozornost venujeme zapalovym
ochoreniam steny koronarnych artérii neaterogénneho pévodu, ktorych hlavnym predstavitelom v detskej
populécii je Kawasakiho syndrém.
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ABSTRACT

Coronary artery anomalies are very rare in the general population. They can occur as an isolated anomaly or
as part of congenital heart defects. Only 20% of them are potentially clinically significant and can manifest
with life-threatening symptoms such as myocardial ischemia, malignant ventricular arrhythmia, or sudden
cardiac death. They are usually detected as an incidental finding during CT or catheterization coronary
angiography. They represent the second most common cause of death in young athletes after hypertrophic
obstructive cardiomyopathy.

In this review, for simplicity and clinical relevance, we focus on the most common coronary artery anomalies
that may be clinically significant and require intervention, whether catheterization or cardiac surgery. We
also describe the strengths and weaknesses of individual modalities in coronary artery imaging. We pay
special attention to inflammatory diseases of the coronary artery wall of non-atherogenic origin, the main
representative of which in the pediatric population is Kawasaki syndrome.
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Uvod

Anomalie korondrnych artérii (AKA) sa vieobecne v po-
puldcii vyskytuju velmi zriedkavo. M6zu byt ako izolovana
anomalia alebo ako sucast vrodenych chyb srdca (VCHS).
Len 20 % je potencionalne klinicky signifikantnych, mézu
sa prezentovat Zivot ohrozujucimi priznakmi ako napr.
myokardialnou ischémiou, malignou komorovou aryt-
miou alebo ndhlou kardidlnou smrtou. Obycajne su za-
chytené ako ndhodny nalez pocas CT, resp. katetrizacnej
koronarografie. AKA predstavuju druhu najcastejsiu pri-
¢inu smrti u mladych Sportovcov po hypertrofickej obs-
trukcnej kardiomyopatii.'?

V tomto prehladovom ¢lanku sa pre zjednodusenie
a klinicky vyznam zameriavame na najcastejsie sa vyskytu-
juce AKA, ktoré mézu byt klinicky vyznamné a vyzaduju
si intervenciu, ¢i uz katetriza¢nu, alebo kardiochirurgic-
ku. Zaroven popisujeme silné a slabé stranky jednotlivych
modalit pri zobrazeni AKA. Samostatnu pozornost venu-
jeme zdpalovym ochoreniam steny koronarnych artérii
neaterogénneho pévodu, ktorej hlavhym predstavitelom
v detskej populdcii je Kawasakiho syndrém.

Normalna vs. anomalna anatémia koronar-
nych artérii

Zvycajne koronarne artérie odstupuju z aortalneho korena,
a to z pravého a lavého Valsalvovho sinusu. Treti aortalny
sinus lokalizovany posteridorne k dvom predchadzajucim
sa oznacuje ako nekoronarny. V axidlnej rovine vo vyske
aortdlneho korena, resp. aortalnej chlopne sa ostium pra-
vej korondrnej artérie (PKA) nachddza na pozicii 10. - 12.
v rdmci hodinovych ruciciek a ostium lavej koronarnej
artérie (LKA) na pozicii 3. — 5. Tesne po odstupe z aorty
PKA prebieha v sulcus coronarius, nakoniec sa dostava az
na zadnu plochu srdca, kde kon¢i ako ramus interventri-
cularis posterior. Dvomi hlavnymi vetvami LKA su ramus
interventricularis anterior (RIA) a ramus circumflexus (RCx)
(obr. 1). RIA prebieha v sulcus interventricularis anterior
a dostava sa az k hrotu srdca. RCx prebieha v lavej ante-
rioventrikuldrnej ryhe az na zadnu stranu (tabulka 1).3

MPA

RA

Obr. 1 - Schematické zobrazenie normalnej anatomie koronarnych
artérii v axialnej rovine. Ao - aorta; LA - [ava predsien (left atrium);
LV - lavé komora (left ventricle); MPA - hlavna pltcna artéria (main
pulmonary artery); RA - prava predsieni (right atrium).

Tabulka 1 - Normalne vlastnosti koronarnych artérii u ludi

Pocet ostii Dve - Styri

Poloha Pravy a lavy predny sinus
45 - 90° od steny aorty
Len LKA

Priamy, od ostia

Proximdlna orientacia
Proximdlny kmern
Proximalny priebeh
Priebeh v strednej ¢asti  Extramurélny (subepikardialny)

Zéasobenie myokardu -  PKA (volna stena pravej komory),

lokality RIA (anteroseptalne), marginalne
vetvy RCx (volnd stena lavej komory)
Terminacia Kapildrna siet

LKA - lava koronarna artéria; PKA - prava koronarna artéria;
RCx - ramus circumflexus; RIA - ramus interventricularis anterior.

Definicia AKA nie je uplne jasnd. AKA mbéZzme opisat
ako anomaliu, ktord sa v beznej populdcii vyskytuje zried-
ka. Existuje Siroké spektrum anomdlii koronarnych arté-
rii (KA), z ktorych viaceré su pocas celého Zivota klinicky
nemé, bez vacsieho hemodynamického vplyvu. Méze sa
jednat o anomalie odstupu, ¢i uz v ramci aorty, resp. ano-
malny odstup z kmena plucnice, anomalie priebehu ako
aj anomalie terminacie KA.

Epidemiolégia

Incidencia AKA je pomerne réznoroda v zavislosti od
jednotlivych autorov ako aj pouzitej zobrazovacej me-
tody, resp. vzorky pacientov. Ci uz sa jedna o incidenciu
pri skimani pitevnych, chirurgickych, angiografickych
nalezov, alebo nalezov pri pouziti jednotlivych zobrazo-
vacich metod. Alexander a Griffith uvadzaju incidenciu
0,3 %, tj. 52 pripadov z 18 950 pitiev.* Multicentricka
chirurgickd studia koronarnych artérii (CASS) uvadza
incidenciu 0,3 % z 24 959 pacientov® a Studia zalozena
na selektivnych koronarnych angiografiach incidenciu
0,9 %, tj. 95 pripadov z 10 661 pacientov.® Incidencia
AKA zalozena na hodnoteni CT koronarografickych vy-
Setreni je viac variabilnd, 0,7 — 6,6 %.” Toto SirSie rozpa-
tie zavisi od velkosti vzorky pacientov, ale hlavne od
kvality pristrojovej techniky, kde pouzitie modernejsich
CT pristrojov umoznuje detailnejSie zobrazenie aj tych
najmensich Struktdr. V ramci zastupenia skupin AKA
v jednotlivych studidch dominovali hlavne anomalie od-
stupu alebo proximalneho priebehu KA a velmi zried-
kavo anomadlie terminacie KA (napr. koronarna fistula).
AKA moéZzu postihovat vietky hlavné vetvy KA, a to PKA,
LKA, RIA a RCx. Najcastejsia sa tykaju RCx, v Studii CASS
az 60 %, v 2/3 islo o anomalny odstup RCx z pravokoro-
narneho Valsalvovho sinusu, ¢i uz zo samostatného os-
tia, alebo anomalny odstup z PKA.2

Techniky zobrazenia koronarnych artérii

Echokardiografia
Echokardiografia je zakladnou zobrazovacou modalitou
v kardiolégii. V ramci zobrazovania KA a ich abnormalit
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je jej klinické vyuzitie vacSinou redukované na zobrazova-
nie iba ich odstupovych casti. Kvalita zobrazenia KA klesa
s narastajucim vekom pacientov v désledku ich zhor3ujucej
sa echogenity. Pri vizualizacii KA sa najcastejsie vyuziva pa-
rasterndlna kratka projekcia umoznujuca sucasné prehlad-
né zobrazenie jednotlivych sinusov aortdlnej chlopne. Pre
identifikaciu smeru toku krvi v KA sa odporuca aj realizacia
farebného dopplerovského zobrazovania. Co je extrémne
dolezité napriklad pri diagnostike anomalneho odstupu
LKA z kmena plucnice (smer toku krvi z KA do plucnice).
Echokardiografia, napriek svojim limitaciam, je prvolinio-
vym zobrazovacim vysetrenim pri podozreni na anomalny
odstup, priebeh ¢i vyustenie KA. Zaroveri sluzi ako zadkladna
zobrazovacia modalita v dlhodobom sledovani pacientov
s uvedenymi diagnézami, bez ohladu na to, ¢i boli rieSeni
konzervativne alebo intervencne. Podobne, ako prvoliniova
zobrazovacia metdda, sa echokardiografia vyuziva v primo-
diagnostike ako aj v dynamickom sledovani dilatécii, ¢i aneu-
ryziem KA u pacientov s Kawasakiho chorobou.*""

CT koronarografia

CT koronarografia predstavuje excelentni modalitu na
hodnotenie anomdlii KA. Je Siroko dostupna, ide o vyse-
trenie, ktoré poskytuje vysoké rozlisenie KA s moznostou
vytvorenia 3D rekonstrukcii. Taktiez umozriuje posude-
nie vztahu medzi KA a okolitymi Strukturami. Vseobecne
zndmou nevyhodou, najma u detskych pacientov, je ioni-
zujuce Ziarenie. Dodrziavanie principu ALARA (as low as
reasonable and achievable) u detskych pacientov vyrazne
znizuje riziko pouzivania ionizujuceho Ziarenia u deti.
Stratégie ako automatickd moduléacia Ziarenia, prospek-
tivna EKG synchronizacia, EKG pulznd moduldcia ako aj
metody itirativnej rekonstrukcie umoznuju vyraznu re-
dukciu davky pouzitého Ziarenia. Vyhodou CT koronaro-
grafie v porovnani s MR vysetrenim je temporalna rezo-
Iucia 66 ms zodpovedajuca najmodernejsim dualsource
CT pristrojom, ¢o umozriuje zobrazenie KA aj pri vyssej

Obr. 2 - MR zobrazenie koronarnych artérii (biele Sipky) a ich trans-
pozi¢ného odstupu u pacienta s diagnézou D-transpozicie velkych
ciev po Senningovej operacii. Koronarne artérie chirurgicky intaktné.
Ao - aorta; MPA - hlavna pltcna artéria (main pulmonary artery).

srdcovej frekvencii. Optimalizaciu vysetrenia u starsich
pacientov mézeme dosiahnut podanim beta blokatorov
a vazodilatatorov, ako je napr. nitroglycerin. U neko-
operujucich pacientov je mozné znizit vplyv dychovych
pohybov na vysetrenie intubaciou pacienta s ndslednym
vySetrenim pacienta v riadenom inspiriu, resp. exspi-
riu. Ide najmé o novorodencov, u ktorych sa na zdklade
echokardiografického vysetrenia nie sme schopni vyja-
drit k event. intramuralnemu priebehu KA u pacientov s
D-transpoziciou velkych ciev.'>

MR koronarografia

MR je Casto pouzivana doplnkova zobrazovacia metéda
ku echokardiografii pri suspektnej, resp. potvrdenej vro-
denej AKA. Hlavnou vyhodou MR je nepritomnost ioni-
zujuceho Ziarenia pri vysetreni. Podobne ako CT korona-
rografia, MR umoznuje zobrazenie KA v 3 rovinach, a tym
umoznuje aj vyjadrenie vztahu KA k okolitym Struktdram.
MR perfuzne studie ndm poskytnu informaciu o pripad-
nej poruche prekrvenia urcitej ¢asti myokardu u pacientov
s AKA s alebo bez pouzitia farmaka pri perfuznom stres
vySetreni. Pri MR koronarografii sa pouziva EKG synchro-
nizacia a dychova navigacia na minimalizaciu pritomnosti
pohybovych artefaktov. Vo vacsine pripadov je nutné na
zlepsenie vizualizacie KA podat kontrastnu latku na baze
gadolinia, aj ked' je mozné zobrazenie KA aj bez jej po-
dania (obr. 2). Horsie zobrazenie byva u nekooperujtcich
pacientov, a preto najma u deti je nutné realizovat MR
vysetrenie v celkovej anestézii.'>'®

Nuklearny myokardialny perfuzny sken

Tato metdéda nepredstavuje senzitivnu a dostatocnu
techniku na hodnotenie AKA. Je pouzivand na posude-
nie perfuzie myokardu u pacientov, kde AKA vystavuje
pacienta riziku ischémie myokardu. SPECT sa vyuziva na
hodnotenie kludovej, resp. zataZzovej perfuzie myokardu
pacientov s angindznymi bolestami a rizikom ischémie.
NajcastejSie pouzivanym radiofarmakom je *m-techné-
cium. Senzitivita stresovej myokardidlnej perfuzie sa
u deti pohybuje na Urovni 70 — 90 %, kym 3Specificita len
na urovni okolo 60 %. Relativne vysoka miera falosne
pozitivnych vysledkov suvisi s vyskytom pohybovych ar-
tefaktov z dychania pocas skenovania a nizkou mierou
pecenového klirens daného radiofarmaka. Nové ultra-
rychle SPECT kamery s detektormi zaloZzenymi na baze
kadmia-zinku-telluridu umozfiuju detailnejSie zobraze-
nie, rychlejsie skenovanie s pouzitim mensieho mnozstva
radiofarmaka. Vysledkom je niZsia radiacna zataz a rych-
lejsie vysetrenie v porovnani s konvencne pouzivanymi
SPECT kamerami."’

Selektivna katetrizacna koronarografia

V ramci zobrazenia AKA, najma u detskej populacie, maju
dominantnu ulohu neinvazivne zobrazovacie metédy ako
CT koronarografia a MR vysetrenie. Selektivna katetrizac-
na koronarografia (SKK) predstavuje doplnkovu vysetro-
vaciu metédu pre pacientov s vysSou frekvenciou srdca
(nad 130 pulzov za minutu), kde u niektorych pacientov
CT koronarografia nie je postacujuca. Ide napr. o nutnost
vyjadrenia sa k ostidlnej stenéze koronarnej artérie, ano-
malny odstup koronarnej artérie z kmena plucnice, ak
bolo vysetrenie zataZzené pohybovymi artefaktami. SKK
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Obr. 3 - CT koronarografia pacientky s anomalnym odstupom LCA
(lava koronarna artéria, left coronary artery) z RCA (prava koronar-
na artéria, right coronary artery). Priecbeh LCA elongovany, bifurka-
cia LCA posunuta distalne. RCx — ramus circumflexus, RIA — ramus
interventricularis anterior.

umozniuje detailnu vizualizaciu distdlnych casti koronar-
nych artérii ako napr. sinusoidov u pacientov s diagnézou
plucnej atrézie s intaktnym komorovym septom.'®

l. 1zolované vrodené anomalie koronarnych artérii
A. Anomdlny odstup koronarnej artérie z aorty (AAOCA)
B. Anomalny odstup koronarnej artérie z kmera pluc-
nice
C. Koronarna atrézia
D. Izolovana vrodend korondrna fistula

Il. Vrodené korondrne anomalie spojené s inymi
vrodenymi chybami srdca
A. Supravalvarna aortalna stenéza
B. D-transpozicia velkych ciev
C. Fallotova tetraldgia
D. Plucna atrézia s intaktnym komorovym septom

lll. Kawasakiho choroba ako ziskané zapalové ochorenie
koronarnych artérii

l. Izolované vrodené anomalie koronarnych artérii
A Anomaélny odstup korondrnej artérie z aorty (AAOCA)
Je anomalia, pri ktorej KA odstupuje z protilahlého, teda
kontralateralneho sinusu, v raritnych pripadoch méze od-
stupovat z nekorondrneho sinusu. Td&to anomalia méze
byt spojena s ischémiou myokardu a nahlou kardialnou
smrtou deti alebo adolescentov, obzvlast ak KA prebieha
medzi dvoma velkymi cievami. V skuto¢nosti predstavuje
AAOCA druhu najcastejsiu pri¢inu smrti mladych Sportov-
cov. Incidencia AAOCA je cca 0,7 % a anomalny odstup
PKA z lavého korondrneho sinusu je 6-krat castejsi ako
anomalny odstup LKA z pravého koronarneho sinusu.?
AAOCA moze mat potom 1 az 4 priebehy, kym sa do-
stane do svojho obvyklého miesta zasobenia myokardu:

1. interarteridlny priebeh (priebeh medzi aortou a plucni-
cou vo vyske pltcnej chlopne, resp. vytoku pravej komory),
2. transseptalny priebeh (naprie¢ hornou ¢astou medziko-
morového septa), 3. prepulmonicky priebeh (anteriérne
k plucnici alebo vytoku pravej komory), 4. retroaortalny
priebeh (medzi aortdlnym koreriom a lavou predsierou).
Transseptalny, prepulmonicky a retroaortadlny priebeh
sU benigné a klinicky nesignifikantné a oznacuju sa ako
nemaligne anomalie. Kym interarterialny priebeh je kli-
nicky signifikantny, oznacovany ako maligna anomalia,
potenciondlne letdlna a méze viest k nahlej kardialnej
smrti u mladych Sportovcov. NajcastejSou indikaciou na
chirurgicku korekciu pacientov s AAOCA su priznaky myo-
kardialnej ischémie. Ulohou zobrazovacich metéd je vylu-
Cit, resp. potvrdit potencionalne rizikovy interarteridlny,
resp. intramurdlny priebeh KA, a tym zabranit Zivot ohro-
zujucej situacii.

Echokardiografia predstavuje 1. metddu, ktorou sme
schopni zobrazit odstup KA a ich proximalny priebeh. Vi-
zualizacia intramuralneho priebehu je najmé u obéznych
pacientov ndroc¢nd. V pripade diagnostickej neistoty je
mozné pristupit k dalsim zobrazovacim modalitdm, naj-
ma CT koronarografii, ktord okrem odstupu a maligneho
priebehu poskytne informaciu aj o pripadnych stendzach
a termindcii KA (obr. 3). Metédou volby je MR zobrazenie,
ktoré je vsak skor rezervované pre pooperacné sledova-
nie pacientov s AAOCA. Moznost myokardidlnej perfuzie
a stres zobrazenie maju velku pridanu hodnotu v sledova-
ni tychto pacientov.?'?

B Anomalny odstup korondrnej artérie z kmenria pltcnice
Anomadlny odstup lavej koronarnej artérie z plucnice
(ALCAPA) je zriedkavou VCHS. Vyskytuje sa v detskej ale-
bo adultnej forme. Detska forma sa prejavuje najma v doj-
c¢enskom veku klinickymi priznakmi srdcového zlyhavania.
Podstata klinického obrazu spociva najma v diastolickom
Jkradnuti krvi” z koronarneho rieciska LKA smerom do
plicnice. K tomuto javu dochadza az po poklese fyzio-
logicky vyssej novorodeneckej plucnej cievnej rezistencie

Obr. 4 - CT angiografické vysetrenie dospelej pacientky s diagné-
zou anomalneho odstupu LCA (lava koronarna artéria, left coro-
nary artery) z MPA (hlavna plucna artéria, main pulmonary artery).
Ao - aorta.
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vo veku pacienta cca 2 — 3 mesiace. Mortalita neliece-
nych pacientov s detskou formou ALCAPA v prvom roku
Zivota je 90 %. Menej Casto sa ALCAPA manifestuje az
v adolescentnom alebo dospelom veku (adultna forma)
ischemickymi bolestami na hrudniku, $elestom, arytmiami
alebo nahlym umrtim. V tychto pripadoch maju pacienti
vyvinuty bohaty kolaterdlny obeh medzi povodim oboch
korondrnych artérii. Okrem nalezu ischemickych zmien
na EKG su typickymi echokardiografickymi ndlezmi u pa-
cientov s detskou formou ALCAPA: dilatacia lavej komo-
ry, zhorsena systolickad funkcia lavej komory, hyperecho-
génne papildrne svaly mitralnej chlopne (podmienené
subendokardidlnou ischémiou), regurgitacia mitralnej
chlopne. PKA byva zvycajne mierne dilatovana a odstup
l[avej koronarnej artérie z aorty nie je vizualizovatelny.
Zaroven sa zobrazuje diastolicky pritok krvi do plucnice
z LKA. KedzZe echokardiografické hodnotenie odstupu
LKA nebyva casto jednoznacne priekazné, na potvrdenie
ALCAPA sa casto vyuziva CT koronarografia alebo katet-
riza¢na koronarografia (obr. 4). Pri diagnostike adultnej
formy sa na zobrazenie koronarneho rieciska s bohatym
kolaterdlnym obehom najcastejsie vyuziva CT koronaro-
grafia. Alernativou je katetrizacna koronarografia alebo
MR. Terapia spociva v kardiochirurgickom presiti odstu-
pu LKA z plucnice na aortu. V dlhodobom pooperacnom
sledovani pacientov s ALCAPA sa okrem zakladného
echokardiografického vysetrenia odporuca realizovat vy-
Setrenia na objektivizaciu pripadnej rezidualnej stendzy
presitej LKA (CT koronarografia, MR, katetriza¢na koro-
narografia). Zaroven sa odporuca realizacia MR, respek-
tivne perfuzneho stres vysetrenia (MR alebo echokardio-
grafie) na zhodnotenie viability myokardu, respektive
latentnej subendokardialnej ischémie myokardu.?*2*

Obr. 5 - Katetrizacna aortografia na vizualizéciu odstupu koronar-
nych tepien. RCA (right coronary artery - prava koronarna artéria)
mierne dilatovand, s normalnym odstupom a priebehom. LCA (left
coronary artery - lava korondrna artéria) v diskontinuite s aortou
(Ao). Biela dvojsipka zobrazuje gap medzi hypoplastickou LCA, kto-
ra je plnena z kolateralneho obehu a aortou.

C Korondrna atrézia lavej koronarnej tepny

Je raritnd anomalia, pri ktorej chyba antegradny prietok
do LKA z aorty, naopak prietok do lavokoronarneho arte-
ridlneho stromu je zabezpeceny pomocou kolateral z PKA.
Incidencia tejto chyby sa pohybuje na urovni cca 0,04 %.?
Klinicka prezentacia je variabilnd od priznakov typickych
pre srdcové zlyhanie az po nahlu kardidlnu smrt v detskom
veku alebo angindzne bolesti v dospelosti. Echo vysetre-
nim mbézeme suponovat pritomnost tejto chyby. Kardiolég
zobrazi diastolicky tok v oblasti komorového septa, resp.
ma problém vizualizovat odstup LKA z aortdlneho korena.
Definitivnu diagnézu potvrdime CT koronarografiou, resp.
katetrizacnou angiografiou, ktorou najlepsie zobrazime
kolateralny prietok (obr. 5). MR vysetrenim méZeme doka-
zat pritomnost dyskinézy a ischémie komory.%

D Izolovana vrodena koronarna fistula

Izolovand vrodend koronarna fistula (KF) predstavuje
priamu komunikacia medzi korondrnymi tepnami a nie-
ktorou z komor, korondrnym sinusom, systémovymi ale-
bo plucnymi Zilami alebo plucnymi tepnami obchadzajuc
myokardialne kapilary. Aj ked zriedkavo, KF méze sp6-
sobit ischémiu myokardu, objemové pretazenie komor
alebo aj plucnu hypertenziu v désledku zvyseného pluc-
neho prietoku. Zvycajne je postihnutd LKA (39 — 63 %),
potom PKA (29 - 55 %) a najmenej oboje KA (7 - 19 %).
KF najcastejsie uUsti do oblasti pravostrannych Struktur
srdca. Okrem vrodenych fistul mézu byt niekedy spésobe-
né aj iatrogénne pri kardiochirurgickych operaciach napr.
pacientov s Fallotovou tetralégiou. Délezita je velkost KF.
Malé fistuly su obycajne klinicky nemé, nepoznané, mézu
sa spontdnne uzavriet. Naopak velké fistuly zvacsa rastu,

Obr. 6 - 3D CT rekonstrukcia pacienta s vrodenou koronarnou fistu-
lou (biela Sipka) RCA (prava koronarna artéria, right coronary arte-
ry) do RV (prava komora, right ventricle). Ao - aorta; MPA - hlavna
pltcna artéria (main pulmonary artery).
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sposobuju dilataciu proximalnych usekov KA. V désledku
velkého prietoku mézu spbsobit objemové pretazenie
komér, ischémiu myokardu v désledku koronarneho stea-
lu alebo trombdézu proximalnych casti dilatovanych KA.
Velké fistuly potrebuju intervenciu, ¢i uz chirurgicku liga-
ciu, alebo katetriza¢ny uzaver.?”

V pripade KF echom dokazeme dilataciu KA, taktiez
mobzZzeme vizualizovat distalny tok v mieste jej vustenia.
Proximalna lokalizacia fistuly vedie k aneuryzmatickej
formacii zasobujucej KA. Vyrazna dilatacia proximalnej
KA moze spbsobit deformaciu koronarneho sinusu s na-
slednou aortdlnou insuficienciou. V pripade uzaveru fis-
tuly je nutné patrat po rezidudlnom skrate. CT koronaro-
grafia s EKG synchronizdciou predstavuje zlaty Standard
v zobrazeni KF (obr. 6). MR okrem zobrazenia KF ndm
pomocou prietokovych studii umozni urcit velkost skratu
na zaklade vypoctu Qp : Qs. Katetrizacna koronarografia
je rezervovanad pre pacientov, u ktorych neinvazivne vy-
Setrenia neboli dostacujuce, resp. ak sme sa rozhodli pre
katetriza¢nu embolizaciu fistuly.?®
Il. Vrodené korondrne anomalie spojené s inymi

vrodenymi chybami srdca
A Supravalvarna aortdlna stendza
Predstavuje lokalizovanu alebo difuznu stenézu ascen-
dentnej aorty v mieste sinotubuladrnej junkcie. Je casto
spojend s Williamsovym-Beurenovym syndrémom a fami-
lidrnou formou, ktora je spojend s genetickou mutaciou
ovplyviujucou produkciu elastinu. V niektorych pripa-
doch mézu byt zdroven postihnuté hlavné artérie, ako su
plucne, karotické a korondrne. Zavazné mézu byt stendzy
KA. Ostidlna stenéza spésobend zhrubnutim steny aor-
ty sa vyskytuje u 9 % pripadov. Castejiie postihuje LKA.
Dalsou pri¢inou alteracie koronarneho prietoku méze
byt zhrubnutie cipu aortalnej chlopne s naslednym pre-
kryvanim ostia KA, resp. fuzia volného okraja aortdlnej
chlopne a sinotubularnej junkcie. V pripade difuznej
formy supravalvarnej stenézy méze ist o difuzne zuze-
nie proximalnej casti KA spdsobené hyperpldziou intimy
a médie, resp. ich fibrézou. Lokalizacia ostia KA viac su-

peridrne, tj. k sinotubularnej junkcii, je castejSie spojend
s ich stenézou. Echom méZeme dokazat turbulenciu toku
v proximalnych castiach KA, ¢o sveddi pre stenézu v danej
oblasti. CTA predstavuje zlaty Standard v zobrazeni mor-
folégie KA pacientov so supravalvarnou aortalnou ste-
nézou. MR okrem zobrazenia morfolégie nam poskytne
informaciu aj o moznej ischémii myokardu.?

B Fallotova tetraldgia (TOF)

Predstavuje najcastejsiu cyanoticku VCHS, jej incidencia je
32,6 na 100 000 narodenych deti.*® Asi 5-14 % pacientov
s TOF ma nejakd formu AKA. Najcastejsim typom AKA u pa-
cientov s TOF su anomalny odstup RIA z PKA, resp. pravoko-
ronarneho Valsalvovho sinusu, dalej zdvojena RIA (pricom
jedna prebieha cez vytok pravej komory), single KA a RCx
odstupujuca z PKA. Relativne bezny byva odstup mohutne;j
kondlnej vetvy z PKA krizujuci vytok z pravej komory. Preto
je nutna dobra vizualizdcia proximalnych usekov KA s vy-
jadrenim sa k event. odstupu konalnej vetvy z PKA. Vtedy
musi operatér zvolit iny typ chirurgickej korekcie s pouzitim
plicneho konduitu. Normalny odstup KA neoperovanych
pacientov s TOF je mierne odlisny od normalneho odstupu
KA. LKA odstupuje viac posteriérne a PKA viac anteriérne,
je to dané rotaciou aortdlneho korena v smere hodinovych
ruciciek.>' U adolescentov, resp. dospelych pacientov je jed-
nou z moznosti rieSenia plucnej insuficiencie pacientov po
chirurgickej korekcii TOF transkatétrova implantécia plucnej
chlopne (TIPCH). Jednou z podmienok spravnej implantacie
plucnej chlopne je nutnost poznat vztah dilatovaného vy-
toku pravej komory/kmerna plticnice a LKA. V mieste pre-
stentingu, resp. implantacie chlopne moZze dojst ku malignej
kompresii az uzatvoreniu LKA pri dilatdcii stentu balénom
v mieste buducej chlopne. Echo vysetrenie u pacientov
s TOF pred primokorekciou je obycajne dostacujuce. Sku-
seny kardioldg je schopny vizualizovat proximalne casti KA
aj s event. odstupom konalnej vetvy z PKA. Naopak pred
zvazovanou TIPCH az CT angiografické vysetrenie, resp. MR
poskytnu informéaciu o vztahu vytoku pravej komory/pltcni-
ce k LKA.3?

Obr. 7 - CT angiografické vysetrenie pacienta s diagnézou neoperovanej D-transpozicie velkych ciev. Na
transtorakalnom echo vysetreni bol nejasny odstup koronarnych artérii. (A) CT - axidlna rovina. Ao - aor-
ta; MPA - hlavna plucna artéria (main pulmonary artery), biele sSipky - odstupy koronarnych artérii. (B) CT
modifikovana korondlna rovina. Ao - aorta. LV - lava komora (left ventricle), RV - prava komora (right
ventricle). Cierne 3ipky znazorfuiju priebeh RCA (pravéa koronarna artéria, right coronary artery).
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B D-transpozicia velkych ciev

Je konotrunkalna chyba charakterizovand atrioventri-
kularnou konkordanciou a ventrikuloarteridlnou diskor-
danciou. Aorta odstupuje z PK a plucnica z LK, ¢o ve-
die k paralelnému postaveniu tychto velkych ciev. Asi
40 % pripadov ma defekt komorového septa, o méze
ovplyvnit typ chirurgickej korekcie. Primadrnou opera-
ciou pacientov s D-TGA s intaktnym komorovym septom,
resp. s malym defektom komorového septa je ,arterial
switch” operacia (ASO), ktora spociva v transfere aor-
ty nad pltucnu chlopriu a plicnice nad aortalnu chlopriu
a translokaciu KA na neoaortu. V typickych pripadoch
D-TGA sa aorta nachadza vpravo a vpredu od plucnice.
Preto KA neodstupuju v normdlnej polohe. Koronarna
anatémia pacientov s D-TGA je variabilna, a preto po-
znat spravny odstup KA pred operaciou je velmi dole-
Zité. Az v 65 % pripadov LKA odstupuje z lavokoronar-
neho sinusu a PKA z pravokoronarneho sinusu. Druhy
najcastejsi typ, t.j. 14 % pripadov ma odstup RCx z PKA,
ktora odstupuje z pravého koronarneho sinusu, a RIA
odstupuje ako samostatnd vetva z lavého korondrne-
ho sinusu. V tomto pripade prebieha RCx poza plucni-
cu a nasledne do svojej obvyklej anatomickej pozicie.
Dal3ich 20 % pripadov ma nezvycajny odstup KA ako
napr. single KA alebo invertované KA, pri ktorych PKA
odstupuje z lavého korondrneho sinusu a LKA z pravé-
ho koronarneho sinusu. Pacienti s D-TGA a defektom
komorového septa maju castejsie neobvykly odstup KA
ako pacienti s intaktnym komorovym septom. Taktiez je
velmi dbélezité predoperacne vylucit intramurdlny prie-
beh KA, pri ktorom jedna z KA prebieha medzi aortou
a plucnicou. Presun intramurdlnej artérie je pre chirurga
technicky ndrocny a castejsie moze viest ku kinkingu ale-
bo uzaveru KA.*

Dal3imi typmi operacii pacientov s D-TGA, u ktorych je
pritomna obstrukcia vytoku z LK, resp. u ktorych obstruk-
ciu vytoku z LK predpokladame, je Rastelli alebo Nikaidoh
operacia (obr. 7).3* V dalSom poopera¢nom sledovani sa
na sledovanie pacientov s D-TGA pouziva MR vysetrenie,
ktoré nam odhali aj pripadny koronarny problém v pripa-
de translokovanych KA.3>36

C Pltucna atrézia s intaktnym komorovym septom

Predstavuje VCHS, pri ktorej chyba spojenie medzi PK
a plucnym rie¢iskom. TaktiezZ nie je pritomny defekt ko-
morového septa a je pritomny rézny stupen hypoplazie
trikuspidalnej chlopne a PK. Pri tejto diagndze su pritom-
né abnormalne spojenia medzi PK a KA v dosledku vy-
sokého tlaku v PK. Tieto spojenia sa nazyvaju sinusoidy.
Vo viac ako polovici pripadov je pritomnd abnormélna
korondrna architektura, stenézy alebo kompletnd atré-
zia KA. Za normdalnych okolnosti je prietok do KA pri-
tomny pocas systoly aj diastoly, ale v pripade zvyseného
transmuralneho tlakového gradientu hypertenznej PK je
zabezpeceny prietok do KA v pripade PA + IVS len pocas
diastoly. V pripade stendzy alebo atrézie KA je prietok
pocas diastoly do korondrneho systému nedostatocny.
Preto sa hypertenzna PK stdva primdrnym zdrojom myo-
kardidlnej perfuzie distalnych casti KA. PK-dependentna
koronarna cirkulacia je pritomna u 5 - 34 % pripadov.
Rozpoznanie tejto patofyzioldgie je velmi dolezité, pre-
toze dekompresia PK (chirurgickd alebo transkatétrova)

Obr. 8 -Selektivna koronarografia do RCA (prava koronarna artéria,
right coronary artery) po prekonani Kawasakiho choroby.

moZe negativne ovplyvnit koronarny prietok a tym sp6-
sobit ischémiu az infarkt myokardu.3” Cielom zobrazova-
cich metdd je urdit stupen zavislosti koronarnej cirkula-
cie od pravej komory, teda pritomnost stendz, pripadne
atrézie niektorych segmentov koronarneho stromu, ako
aj definovat pritomnost sinusoid. Senzitivita zobrazenia
korondrnej cirkulacie pomocou echo vysetrenia je po-
merne nizka. Pri dilatacii proximalnych casti KA méze-
me suponovat pritomnost koronarnej fistuly medzi PK
a korondrnou cirkulaciou. Pouzitim farebného dopple-
rovského vysetrenia mézeme v oblasti PK zobrazit toky
svedciace pre pritomnost sinusoid. CT angiografickym
vysetrenim sme schopni zobrazit odstupy KA, v niekto-
rych pripadoch aj pritomnost sinusoid. MR ndm poskytne
informaciu o pripadnej myokardidlnej ischémii. Zlatym
Standardom je vsak katetrizacné vysetrenie, s moznos-
tou priamej ventrikulografie PK s ndslednym odmeranim
invazivnych tlakov.®

lll. Kawasakiho choroba ako ziskané zapalové ochorenie
koronarnych artéri
Je detskd panvaskulitida detského veku, ktord predi-
lek¢ne postihuje tepny stredného kalibru, najma teda
KA. Pri¢ina nie je presne zndma, ale pravdepodobne
sa jedna o kombindciu virusovej etiolégie a genetic-
kej predispozicie postihnutych deti. Pri postihnuti KA
moze ist o formaciu aneuryzmy, stenézy, trombozy az
okluzie s naslednym infarktom myokardu. U 15 - 25 %
nelieCenych deti dochddza k vytvoreniu ektazii alebo
aneuryziem koronarnych tepien. Jej vyskyt bol popisa-
ny celosvetovo a je veducou pri¢inou ziskanych srdco-
vych ochoreni u deti.** Diagnéza je stanovena na zakla-
de klinickych symptédmov. Postihuje prevazne deti do 5.
roku zivota, prevazne chlapcov. Aneuryzmy regreduju
u50-67 % pripadov pocas jedného az dvoch rokov ako
vysledok myointimalnej hyperpldzie. U gigantickych
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aneuryziem, ktoré maju priemer aneuryzmy vacsi ako
8 mm, nemusi dojst k ich regresii, su spojené s vysou
incidenciou trombotickych komplikacii (obr. 8). Tieto
trombotické komplikacie su vysledkom stenézy proxi-
malnych casti KA ako aj spomaleného toku v rozsire-
nych Castiach KA.40-43

Metddou prvej volby v diagnostike koronarnych aneu-
ryziem je transtorakalne echo vy3etrenie, ktorym sme
schopny vadsinou zobrazit len proximdlne ¢asti KA. U ne-
komplikovanych pacientov by sa echokardiografia mala
zopakovat do 1 az 2 tyzdriov a potom 4 az 6 tyzdrnov po
liecbe. U komplikovanych pacientov s ndlezmi vyznam-
nych korondrnych abnormalit by sa vySetrenie malo opa-
kovat najmenej 2-krat tyzdenne dovtedy, kym neustane
progresia dilatacie.*4

CT koronarografia umoznuje vizualizovat ektazie, aneu-
ryzmy, stendzy, ako aj trombdézy KT. MR nepredstavuje
pre dizku vyetrenia metddu prvej volby v akutnej faze.
Z odporucani Japonskej angiologickej spolo¢nosti z roku
2014 vyplyva, Ze je nutné pomocou CT a resp. MR sledo-
vat pacientov s malymi aneuryzmami <4 mm, resp. s aneu-
ryzmami strednej velkosti 4 - 8 mm. MR mé v neskorsom
sledovani doélezité postavenie. Okrem MR angiografie je
mozné realizovat stresové vysetrenie ako aj oneskorené
postkontrastné vysetrenie myokardu. Pre dosiahnutie naj-
lepSej moznej progndzy pacientov s rozvinutymi dilatacia-
mi alebo aneuryzmami koronarnych artérii je nutné dia-
metre dilatovanych alebo aneuryzmatickych koronarnych
artérii presne zaindexovat v ramci ,Z-Score” systémov,
kedZe zaklasifikovanie pacientov do jednotlivych riziko-
vych skupin determinuje indikaciu naslednej antiagregac-
nej, respektive antikoagulacnej terapie. Podstatou tejto
klasifikacie je, aby pacienti s iba minimalnymi dilataciami
koronarnych artérii neboli zbytocne antikoagulovani, a na
druhej strane, aby pacienti s vyznamnymi aneuryzmami
koronarnych artérii boli adekvatne antikoagulovani.*®

Zaver

Coraz ¢astejsie zaznamenavame vyskyt koronarnych ano-
malii u detskych a dospelych pacientov pre realizaciu vac-
sieho mnozstva invazivnych a neinvazivnych vysetrovacich
metdd. Vadsina z tychto anomalii si nevyzaduje terapeu-
ticky zasah, aj ked niektoré formy mézeme povazovat za
potencionalne Zivot ohrozujuce. Pri ndhodnom zachyte je
u niektorych nutné posudit ich ischemické riziko. CT ko-
ronarografia zohrdva klucovu ulohu nielen v ich zachyte,
ale aj posudeni ich hemodynamickej, resp. ischemickej
vyznamnosti. Znalost zdkladnych foriem AKA umozriiuje
kardiolégom posudit ich hemodynamickud zavaznost, vy-
brat vhodnu modalitu na ich vizualizaciu.
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Anémia je ¢astou komplikaciou srdcového zlyhavania (SZ) a jej pritomnost je spojena s nepriaznivou pro-
gnozou nezavisle od ostatnych rizikovych faktorov. Postihuje az polovicu pacientov a casto ju sprevadzaju
zmeny erytrocytovych indexov, ktoré odrazaju systémovu dysreguldciu. Patofyzioldgia anémie pri SZ je mul-
tifaktorialna a zahfiia hemodiluciu v dosledku kongescie, poruchu produkcie erytropoetinu (EPO) a znizenu
odpoved kostnej drene v dosledku renalnej hypoperfuzie, zépalu a uremického prostredia, funkény deficit
Zeleza sprostredkovany hepcidinom, nutri¢né faktory a vplyv farmakoterapie, skratené prezivanie erytrocy-
tov, ako aj oxidacny stres a mitochondrialnu dysfunkciu.
Tieto vzdjomne sa ovplyvriujice mechanizmy sa odrazaju v bezne dostupnych laboratérnych parametroch
vratane hemoglobinu, erytrocytovych indexov, distribucnej Sirky erytrocytov (RDW), feritinu a saturacie
transferinu, ktoré poskytuju informacie o erytropoetickej aktivite, dostupnosti Zeleza a obrate erytrocytov.
Najma RDW integruje poruchy erytropoézy a znizené prezivanie erytrocytov a konzistentne suvisi s nepriaz-
nivou progndzou vo vsetkych fenotypoch srdcového zlyhavania.
Anémia pri srdcovom zlyhdvani preto predstavuje dynamicky prejav multisystémovej dysreguldcie, a nie
izolovanu hematologicku poruchu. Hodnoty hemoglobinu je preto potrebné interpretovat v kontexte ob-
jemového stavu organizmu a metabolizmu Zeleza, nie iba so zameranim na ich izolovanu korekciu. Buduci
vyskum by sa mal zamerat na fenotypizaciu zaloZzenu na biomarkeroch s cielom lepsie identifikovat domi-
nantné patofyziologické mechanizmy anémie pri srdcovom zlyhavani.

© 2026, CKS.

ABSTRACT

Anemia is a common complication of heart failure (HF) and provides independent prognostic information. It
affects up to half of patients and is frequently accompanied by alterations in erythrocyte indices that reflect
underlying systemic dysregulation. The pathophysiology of anemia in HF is multifactorial and involves con-
gestion-related hemodilution; impaired erythropoietin (EPO) production and marrow responsiveness due to
renal hypoperfusion, inflammation, and uremic milieu; hepcidin-mediated functional iron deficiency; nutri-
tional and medication-related influences; reduced red blood cell lifespan; and oxidative and mitochondrial
dysfunction.

These interacting mechanisms are captured by routinely available laboratory parameters, including he-
moglobin, mean corpuscular indices, red cell distribution width (RDW), ferritin, and transferrin saturation,
which provide insight into erythropoietic activity, iron availability, and red blood cell turnover. RDW, in
particular, integrates disturbed erythropoiesis and impaired erythrocyte survival and consistently associates
with adverse outcomes across HF phenotypes.

Overall, anemia in HF represents a dynamic manifestation of multisystem dysregulation rather than an isola-
ted hematologic disorder. Interpretation of hemoglobin values therefore requires integration with volume
status and iron metabolism rather than isolated correction. Future research should prioritize biomarker-
-guided phenotyping to better delineate dominant pathophysiological drivers of anemia in heart failure.
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Introduction

Heart failure (HF) is a complex clinical syndrome affecti-
ng more than 64.3 million people worldwide.” Despite
advances in pharmacotherapy and device therapy, heart
failure remains associated with substantial morbidity and
high mortality, underscoring the seriousness of the condi-
tion.2 Among the systemic manifestations of HF, anemia
and related hematological abnormalities occupy a central
role. The reported prevalence of anemia in chronic heart
failure varies considerably across studies, ranging from
approximately 15-20% in unselected cohorts to nearly
50% in more advanced or comorbid populations, whereas
iron deficiency is generally more prevalent across NYHA
classes and heart failure stages, affecting approximately
30-50% of patients.>® Both anemia and iron deficiency
are associated with reduced functional capacity, higher
rates of hospitalization, and worse clinical outcomes in
patients with heart failure.**

In patients with heart failure, hemoglobin and markers
of iron status such as ferritin and transferrin saturation
are routinely assessed as part of guideline-recommended
evaluation, reflecting their clinical relevance in diagno-
sis and management.” Their alteration in HF is not simply
a bystander phenomenon but reflects systemic processes
that contribute to disease progression.® Recent thera-
peutic advances have further emphasized the clinical
relevance of hematological mechanisms in heart failure,
including the potential benefits of intravenous iron ther-
apy, thereby highlighting the need to better understand
the pathophysiological basis of anemia in this population.
Anemia in heart failure arises from a complex interplay of
impaired erythropoiesis, altered iron metabolism, chronic
inflammation, renal dysfunction, hemodilution, and re-
duced red blood cell survival.®"" This review focuses on
the pathophysiology of anemia in heart failure, with par-
ticular emphasis on mechanisms of altered erythropoiesis,
red blood cell survival, and plasma volume expansion-re-
lated hemodilution, and their implications for clinical as-
sessment.

Pathophysiology of anemia in HF

Hemodilution and plasma expansion

Hemodilution represents an important contributor to
anemia in heart failure, reflecting volume overload re-
lated to neurohumoral and renal maladaptation rather
than a true reduction in red blood cell mass."?In HF, re-
duced cardiac output and arterial underfilling are sen-
sed as a state of effective hypovolemia, despite total
body fluid excess. This mismatch leads to reduced renal
perfusion pressure and activation of key compensa-
tory pathways, including the renin-angiotensin-aldo-
sterone system (RAAS), sympathetic nervous system,
and non-osmotic release of arginine vasopressin. The
downstream effects include enhanced tubular sodium
reabsorption, free water retention, and progressive in-
travascular and interstitial volume expansion.' Collecti-
vely, these neurohumoral and renal responses promote
sustained plasma volume expansion, thereby predispo-
sing patients with heart failure to dilutional reductions

in hemoglobin concentration despite preserved red
blood cell mass.

Consequently, this pathophysiological milieu results
in a characteristic hemodynamic profile of chronic heart
failure, in which venous congestion and altered capillary
Starling forces promote interstitial fluid accumulation.
At the same time, the expanded interstitial compart-
ment serves as a dynamic reservoir for intravascular re-
filling, allowing plasma volume to increase despite the
absence of a parallel rise in red blood cell mass. Because
these processes evolve gradually and involve ongoing re-
distribution of fluid between compartments, substantial
hypervolemia may remain clinically occult and under-rec-
ognized in routine practice. Overall, these hemodynamic
disturbances promote sustained plasma volume expan-
sion, resulting in dilution-related reductions in circulating
hemoglobin concentration.™

Consistent with this hemodynamic profile, studies em-
ploying quantitative blood volume analysis in patients
with symptomatic advanced heart failure have demon-
strated that plasma volume in hemodiluted individuals
may increase to approximately 150% of predicted normal
values, while red cell mass remains within normal limits,
with nearly half of anemic patients exhibiting dilutional
rather than true anemia.”? Beyond this chronic pheno-
type, similar volume-related mechanisms operate dy-
namically during acute decompensation. In the setting of
acute decompensated heart failure, transient hemodilu-
tion may occur early during hospitalization, likely reflect-
ing dynamic intravascular volume refilling and fluid redis-
tribution before effective net decongestion is achieved,
with hemoglobin concentrations declining by up to ap-
proximately 1 g/dL during the first days of admission.>¢
Taken together, these findings indicate that both chronic
and acute reductions in hemoglobin in heart failure fre-
quently reflect underlying volume dysregulation, under-
scoring the need to interpret hemoglobin values in close
relation to volume status and its temporal evolution.'>'>16

Extending these mechanistic insights into the clinical
domain, large cohort studies have further demonstrated
that hemoglobin trajectories during hospitalization carry
important prognostic information. Patients who fail to
hemoconcentrate or experience a decline in hemoglobin
despite therapy exhibit higher mortality and persistent
congestion, consistent with unresolved volume overload
rather than primary hematologic deterioration.' Col-
lectively, these findings emphasize that anemia in heart
failure is not a uniform entity but a heterogeneous mani-
festation of volume, renal, and neurohumoral dysregula-
tion, necessitating an integrated assessment of hemato-
logic indices alongside markers of fluid status to guide
optimal management.'2'4-16

Iron deficiency: absolute and functional

Iron deficiency (ID) is highly prevalent in patients with
heart failure and contributes substantially to the overall
clinical burden of the disease."”” Beyond its role in ery-
thropoiesis, iron is essential for multiple cellular proce-
sses, including mitochondrial oxidative phosphorylation,
skeletal and cardiac muscle function, and efficient oxy-
gen utilization.' Consequently, iron deficiency—even in
the absence of anemia—impairs mitochondrial energy
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production and skeletal muscle oxidative capacity, con-
tributing to fatigue and reduced exercise tolerance."
Restoration of iron availability has been shown to impro-
ve fatigue and physical performance in iron-deficient,
non-anemic individuals, underscoring the pathophysio-
logical relevance of iron deficiency beyond hemoglobin
synthesis.®

In heart failure, two major forms of iron deficiency are
recognized: absolute and functional iron deficiency. Ab-
solute iron deficiency reflects true depletion of total body
iron stores and may arise from insufficient dietary intake,
chronic gastrointestinal blood loss, or impaired intestinal
iron absorption. In contrast, functional iron deficiency is
characterized by preserved or increased iron stores with
impaired iron availability for erythropoiesis and cellular
metabolism."”

In patients with heart failure, absolute iron deficiency
may be further exacerbated by impaired gastrointestinal
perfusion and venous congestion, which contribute to
mucosal dysfunction and reduced duodenal iron trans-
port, thereby blunting the normal adaptive increase in
iron absorption during iron depletion.” In addition, long-
term use of antithrombotic therapies increases the risk of
occult gastrointestinal bleeding, which may contribute to
progressive iron loss and depletion of iron stores.™

Functional iron deficiency in heart failure predomi-
nantly arises from inflammation- and hepcidin-mediated
impairment of iron mobilization, resulting in restricted
iron availability for erythropoiesis and cellular metabo-
lism despite preserved or increased iron stores.'””?° This
process is mediated by pro-inflammatory cytokines, par-
ticularly interleukin-6, which drive hepatic hepcidin syn-
thesis and thereby reinforce iron sequestration in the
setting of heart failure-associated low-grade systemic in-
flammation. Hepcidin acts as the central regulator of sys-
temic iron homeostasis by binding to ferroportin, the only
known cellular iron exporter, inducing its internalization
and degradation. As a result, intestinal iron absorption
is suppressed and iron sequestration within macrophages
and hepatocytes is enhanced, leading to iron-restricted
erythropoiesis despite preserved or elevated ferritin con-
centrations.””?° Accordingly, this hepcidin-mediated se-
questration of iron within storage sites restricts its release
into the circulation, resulting in preserved or elevated fer-
ritin concentrations despite reduced circulating iron and
highlighting the pathophysiological basis for prioritizing
transferrin saturation over ferritin alone in the diagnostic
assessment of iron status in heart failure.”'”? Important-
ly, this same hepcidin-driven blockade of intestinal iron
transport also explains the limited efficacy of oral iron
supplementation in heart failure, as absorbed iron can-
not be effectively transferred into the circulation.?*?'

At the myocardial level, iron deficiency exerts delete-
rious effects on the cardiovascular system that extend
beyond impaired oxygen transport. Iron is an essential
cofactor for mitochondrial enzymes involved in oxidative
phosphorylation, including cytochromes and iron-sulfur
cluster—containing proteins, which are fundamental for
cellular ATP production, particularly in energy-demand-
ing tissues such as the myocardium. Iron deficiency im-
pairs mitochondrial respiratory capacity, leading to re-
duced ATP generation and compromised cardiomyocyte

contractile performance.???* Experimental and transla-
tional studies have demonstrated associations between
myocardial iron depletion and altered calcium handling,
increased oxidative stress, and impaired excitation-con-
traction coupling, contributing to both systolic and dia-
stolic dysfunction.?>?> Together, these iron-dependent
disturbances link myocardial energetic failure to impaired
contractile and relaxation properties, providing a mecha-
nistic basis for the contribution of iron deficiency to car-
diac dysfunction in heart failure.

Beyond the myocardium, similar iron-dependent dis-
turbances of mitochondrial function extend to peripheral
tissues, particularly skeletal muscle, where they further
amplify the functional limitations of heart failure. At the
peripheral tissue level, beyond its hematological effects,
iron deficiency adversely affects oxygen utilization and
skeletal muscle function. Reduced iron availability im-
pairs mitochondrial biogenesis and oxidative capacity in
skeletal muscle, shifts energy metabolism toward less ef-
ficient anaerobic pathways, and increases lactate produc-
tion during exertion, thereby exacerbating fatigue and
exercise intolerance—hallmark features of heart failure.
These peripheral metabolic disturbances increase ventila-
tory and circulatory requirements during exertion, neces-
sitating higher cardiac output and heart rate to sustain
oxygen delivery. The resulting mismatch between meta-
bolic demand and limited cardiac reserve is likely to en-
hance sympathetic activation and neurohumoral drive,
thereby reinforcing maladaptive pathways that acceler-
ate disease progression in heart failure.?6?’

Clinical evidence consistently demonstrates that iron
deficiency in heart failure is associated with impaired func-
tional capacity, reduced quality of life, and worse clinical
outcomes, independent of the presence of overt anemia.
This strong and consistent association has positioned iron
deficiency as a clinically relevant and potentially modi-
fiable therapeutic target in heart failure.”” Randomized
controlled trials have shown that correction of iron de-
ficiency with intravenous iron therapy leads to clinically
meaningful improvements in functional status and pa-
tient-reported outcomes®'" (Table 1). In the FAIR-HF trial,
treatment with intravenous ferric carboxymaltose signifi-
cantly improved exercise capacity, NYHA functional class,
and quality of life, with comparable benefits observed
in both anemic and non-anemic patients, underscoring
the importance of iron-related mechanisms beyond he-
moglobin synthesis.’ These favorable effects were subse-
quently confirmed in pooled individual patient data anal-
yses of randomized trials, which demonstrated sustained
improvements in functional capacity and health status,
as well as a reduction in heart failure-related hospitaliza-
tions.?® Importantly, the AFFIRM-AHF trial extended these
findings to patients hospitalized with acute decompen-
sated heart failure, showing that intravenous iron reple-
tion initiated during hospitalization was associated with
a significantly reduced risk of subsequent heart failure
rehospitalization. Collectively, these data indicate that
iron deficiency is not merely a marker of disease severity
but an active contributor to the symptomatic burden and
clinical course of heart failure, and that its targeted cor-
rection represents an effective disease-modifying strat-
egy in appropriately selected patients.
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Table 1 - Key randomized trials of intravenous ferric carboxymaltose in heart failure

Trial (year) Population & ID criteria Intervention

FAIR-HF Symptomatic HFrEF; ID: Ferric

(2009) ferritin <100 pg/L or carboxymaltose
100-299 pg/L with TSAT (FCM) vs placebo
<20%

CONFIRM-HF Ambulatory HFrEF with ID ~ FCM vs placebo

(2015) (as above) (longer follow-up)

AFFIRM-AHF Recently hospitalized acute  FCM vs placebo

(2020) HF with LVEF <50% and ID  post-stabilization

Primary outcome Main findings (directional) Notes /
refs
Patient Global Assess- T Symptoms/QoL; T 6MWT; [9]
ment & NYHA class benefits irrespective of
baseline Hb

Sustained T 6MWT; improved  [11]
symptoms/QoL; fewer HF
hospitalizations (secondary)

U HF rehospitalizations; [10]
neutral on CV death; overall
composite favored FCM

6-minute walk di-
stance

HF rehospitalization &
CV death (composite)

CV - cardiovascular; EF - ejection fraction; FCM - ferric carboxymaltose; Hb — hemoglobin; HF — heart failure; HFrEF — HF with reduced EF;
ID - iron deficiency; LVEF - left ventricular ejection fraction; NYHA - New York Heart Association; QoL - quality of life; 6MWT — 6-minute

walk test.

Taken together, these observations demonstrate that
iron deficiency in heart failure is not merely a comorbid-
ity but a key pathophysiological contributor to disease
progression. Its systemic effects extend beyond hemato-
poiesis to myocardial and skeletal muscle energetics, un-
derscoring the importance of routine assessment and tar-
geted correction of iron deficiency in contemporary heart
failure management.

Erythropoietin dysregulation

and marrow responsiveness

Erythropoietin (EPO) is the principal hormonal regulator
of erythropoiesis, stimulating the survival, proliferation,
and differentiation of erythroid progenitor cells. It is syn-
thesized predominantly by renal peritubular oxygen-sen-
sing fibroblasts and is transcriptionally regulated by hy-
poxia-inducible factor (HIF)-2a in an oxygen-dependent
manner. Under normoxia, HIF-2a. undergoes rapid hyd-
roxylation and proteasomal degradation, whereas hypo-
xia promotes its stabilization and nuclear translocation,
leading to transcriptional activation of the EPO gene and
increased plasma EPO concentrations. This mechanism
constitutes the physiological link between renal oxygen
sensing and red blood cell production.?”

In heart failure (HF), this adaptive response is pro-
foundly disturbed.?® Reduced cardiac output and systemic
hypoperfusion impair renal oxygen delivery, while ve-
nous congestion increases interstitial pressure and com-
promises effective capillary perfusion.?® Under physiologi-
cal conditions, such renal hypoxia would be expected to
activate HIF-2a signaling and increase EPO synthesis.?’
However, in HF, these compensatory mechanisms fail be-
cause chronic renal hypoperfusion and venous congestion
activate profibrotic and inflammatory signaling path-
ways—particularly transforming growth factor-B—driv-
ing transdifferentiation of EPO-producing peritubular
fibroblasts into non-EPO-producing myofibroblasts and
accelerating tubulointerstitial fibrosis, thereby limiting
the kidney's capacity to upregulate EPO synthesis.?*3' The
frequent coexistence of chronic kidney disease (CKD) in
HF patients further aggravates this defect by reducing
functional nephron mass and tubular integrity, thereby
limiting renal EPO-producing capacity and impairing the

adaptive erythropoietic response to hypoxia.? In addi-
tion, uremic toxins that accumulate in CKD, such as indox-
yl sulfate, directly suppress EPO production and disrupt
renal oxygen-sensing pathways.?* Together, these renal
and uremic factors contribute to a relatively insufficient
and maladaptive EPO response in HF, despite persistent
hypoxic stimuli.

Based on the renal structural and functional abnor-
malities described above, reduced renal EPO-producing
capacity would be expected.?? However, circulating EPO
concentrations in HF are often normal or only modestly
increased.?* This apparent dissociation reflects strong
compensatory stimulation of the remaining EPO-produc-
ing cells by systemic hypoxia and sustained neurohor-
monal activation. As a result, circulating EPO levels may
be maintained or modestly increased despite reduced
renal EPO-producing capacity. However, this response re-
mains quantitatively insufficient relative to the severity
of anemia and tissue hypoxia, consistent with a state of
relative EPO insufficiency.®

More importantly, the bone marrow response to EPO is
markedly blunted.?® Proinflammatory cytokines systemi-
cally elevated in heart failure, including tumor necrosis
factor-a. and interleukin-1p, functionally impair JAK2/
STAT5-dependent EPO signaling, thereby suppressing
EPO-driven proliferation and differentiation of erythroid
progenitors.3>3® Concurrently, functional iron deficiency
driven by hepcidin overexpression limits iron availabil-
ity for hemoglobin synthesis by sequestering iron within
macrophages and hepatocytes.® As a result, erythroid
progenitors fail to respond adequately to EPO due to
inflammatory cytokine-mediated signaling impairment
and limited substrate availability, leading to ineffective
erythropoiesis despite elevated EPO levels.?03>

Early small and largely uncontrolled studies suggested
that treatment with erythropoiesis-stimulating agents
(ESAs), particularly when combined with intravenous
iron, could increase hemoglobin levels and be associat-
ed with improvements in functional capacity, New York
Heart Association (NYHA) class, and a possible reduction
in heart failure-related hospitalizations.”

However, these findings were not confirmed in larg-
er, adequately powered randomized controlled trials.
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In the RED-HF trial, which enrolled 2,278 patients with
heart failure with reduced ejection fraction (HFrEF) and
anemia, treatment with darbepoetin alfa led to only
a modest increase in hemoglobin levels compared with
placebo, without any reduction in all-cause mortality or
heart failure hospitalizations. Moreover, ESA therapy was
associated with a significantly higher incidence of throm-
boembolic events, raising important safety concerns and
arguing against the routine use of ESAs in patients with
heart failure and anemia.?®

These findings underscore a fundamental pathophysi-
ological distinction between heart failure-related anemia
and anemia of chronic kidney disease.* In chronic kid-
ney disease, anemia is predominantly driven by absolute
erythropoietin deficiency, and treatment with erythro-
poiesis-stimulating agents—particularly when combined
with adequate iron supplementation—is generally effec-
tive in correcting hemoglobin levels.®®

In contrast, anemia in heart failure is characterized by
preserved or elevated circulating EPO concentrations ac-
companied by reduced bone marrow responsiveness to
EPO, consistent with a state of relative erythropoietin
resistance.*’ As a result, pharmacological stimulation of
erythropoiesis by erythropoiesis-stimulating agents has
failed to translate into meaningful clinical benefit in
heart failure, consistent with the concept of relative EPO
resistance observed in large randomized interventional
trials.®

Together, these observations indicate that anemia in
heart failure is driven primarily by impaired erythropoi-
etic responsiveness rather than insufficient EPO availabil-
ity, highlighting the limitations of ESA-based strategies
and underscoring the need for alternative therapeutic
approaches.

Inflammation as an upstream driver

of anemia in heart failure

Heart failure is increasingly recognized as a chronic low-
-grade inflammatory condition, in which sustained activa-
tion of innate immune pathways—particularly monocyte/
macrophage activation, inflammasome signaling, and pa-
ttern-recognition receptor-mediated responses—contri-
butes to adverse cardiac remodeling and disease progre-
ssion. This inflammatory state arises from a convergence
of hemodynamic stress, repetitive ischemia-reperfusion
injury, neurohormonal activation, endothelial dysfunc-
tion, and tissue hypoxia, which collectively promote im-
mune cell activation and cytokine release.®
Pro-inflammatory cytokines characteristically elevated
in heart failure—particularly tumor necrosis factor-a,
interleukin-6, and interleukin-1B—converge to suppre-
ss effective erythropoiesis through complementary and
reinforcing mechanisms. TNF-o. and IL-1B directly impair
erythroid progenitor survival and proliferation by pro-
moting apoptosis and cell-cycle arrest, while also atte-
nuating erythropoietin-mediated signaling at the bone
marrow level. In parallel, IL-6-driven inflammatory sig-
naling restricts iron availability predominantly through
STAT3-mediated induction of hepcidin and contributes
to erythropoietin resistance by impairing erythroid pro-
genitor differentiation, as discussed above.* The com-
bined effects of reduced erythroid progenitor viability,

impaired differentiation, limited substrate availability,
and blunted responsiveness to hypoxic stimuli result in
ineffective erythropoiesis and the development of ane-
mia in heart failure.?>4

Clinically, inflammatory activation in heart failure
is reflected by modest elevations in C-reactive protein
(CRP), typically quantified using high-sensitivity assays
(hsCRP) which carry independent prognostic informa-
tion and are consistently associated with increased all-
cause and cardiovascular mortality. Accordingly, current
heart failure guidelines do not recommend routine CRP
measurement for diagnostic or therapeutic decision-
making, as hsCRP provides prognostic information with-
out directly guiding management strategies. Similarly,
targeted anti-inflammatory therapies have not dem-
onstrated consistent clinical benefit in heart failure
and are therefore not recommended in routine clinical
practice.”® Clinical trials of cytokine-directed interven-
tions, most notably tumor necrosis factor-a inhibitors
such as etanercept and infliximab, failed to improve
clinical outcomes and, at higher doses, were associated
with worsening heart failure and increased mortality.*®
Other anti-inflammatory strategies, including nonste-
roidal anti-inflammatory drugs and systemic glucocorti-
coids, have been associated with fluid retention and an
increased risk of heart failure decompensation, further
limiting their use in this population.*” Consequently, in-
flammation remains a mechanistic driver and prognostic
marker rather than a direct therapeutic target in con-
temporary heart failure management.*

Oxidative stress

Oxidative stress represents a central pathophysiological
mechanism in heart failure (HF) and reflects a chronic im-
balance between excessive generation of reactive oxygen
species (ROS) and insufficient endogenous antioxidant de-
fenses. Under physiological conditions, ROS are produced
at low, tightly regulated levels and function as essential
second messengers in intracellular signaling pathways.*
At these concentrations, ROS modulate processes such as
cellular proliferation, differentiation, adaptive stress re-
sponses, and hypoxia signaling through reversible redox
modification of key proteins involved in signal transduc-
tion and transcriptional regulation.”® These potentially
harmful species are tightly controlled by antioxidant sys-
tems, including superoxide dismutase, catalase, and glu-
tathione peroxidase, which coordinate the detoxification
of superoxide anions and hydrogen peroxide to preserve
cellular redox homeostasis. Maintenance of redox ho-
meostasis is essential for normal cellular function, as it en-
sures appropriate redox-dependent signaling, preserves
mitochondrial integrity, protects macromolecules from
oxidative damage, and prevents inappropriate activation
of inflammatory and apoptotic pathways.*

When ROS production exceeds the buffering capacity
of antioxidant defenses, however, their role shifts from
physiological signaling to pathological injury. Excessive
ROS induce oxidative damage to lipids, proteins, and
nucleic acids, disrupt mitochondrial function, and acti-
vate pro-inflammatory and pro-apoptotic signaling path-
ways.” In the context of HF, sustained oxidative stress
thereby contributes to progressive cellular dysfunction,
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adverse tissue remodeling, and impaired regenerative ca-
pacity.®®

Excessive ROS generation in HF arises from multiple
converging sources within the failing cardiovascular sys-
tem. Mitochondrial dysfunction in HF, characterized by
impaired electron transport chain efficiency and increased
electron leakage—particularly at complexes | and lll—rep-
resents a major source of superoxide generation in failing
cardiomyocytes. In parallel, activation of NADPH oxidases
in cardiomyocytes, endothelial cells, and vascular smooth
muscle cells plays a pivotal role in HF-associated oxidative
stress, as these enzymes directly generate superoxide an-
ions through electron transfer from NADPH to molecular
oxygen, thereby constituting a major non-mitochondrial
source of pathological ROS production. This pathological
ROS generation is further amplified by chronic neurohor-
monal activation and mechanical stress, ultimately estab-
lishing a self-sustaining state of oxidative imbalance that
perpetuates myocardial injury and drives disease progres-
sion in HF.%®
Oxidative stress in HF is closely intertwined with chronic
low-grade inflammation, with both processes acting in
concert to perpetuate cellular injury and disease progre-
ssion. Pro-inflammatory cytokines, particularly tumor ne-
crosis factor-a (TNF-a)) and interleukin-18 (IL-1B), stimula-
te ROS production through activation of NADPH oxidases
and mitochondrial pathways, while oxidative stress in turn
amplifies inflammatory signaling by activating redox-sen-
sitive transcription factors such as nuclear factor-xB (NF-
-kB). Through ROS-induced oxidative modifications, this
bidirectional interaction enhances cytokine expression,
promotes endothelial activation, and facilitates immune
cell recruitment, thereby establishing a self-perpetua-
ting inflammatory-oxidative cycle that sustains cellular
injury even in the absence of acute ischemic insults.*® In
the context of HF, this persistent inflammatory—oxidative
interplay contributes not only to progressive myocardial
dysfunction but also to systemic consequences, including
bone marrow impairment and ineffective erythropoiesis,
as discussed below.43°

Beyond its deleterious effects on myocardial struc-
ture and function, oxidative stress exerts systemic conse-
quences that are directly relevant to the development of
anemia in HF.%5" Circulating erythrocytes are particularly
vulnerable to oxidative injury due to their continuous ex-
posure to high oxygen tension and limited intrinsic an-
tioxidant capacity. Reactive oxygen species induce lipid
peroxidation of erythrocyte membranes and oxidative
cross-linking of cytoskeletal proteins, resulting in re-
duced cellular deformability. As normal erythrocyte de-
formability is essential for passage through the narrow
splenic sinusoids, loss of this mechanical flexibility pro-
motes mechanical retention and recognition of damaged
erythrocytes by splenic macrophages, thereby accelerat-
ing splenic clearance. In parallel, oxidative modification
of hemoglobin promotes methemoglobin formation and
enhances erythrophagocytosis, thereby further shorten-
ing erythrocyte lifespan.>?

Oxidative stress also compromises erythropoiesis at the
level of the bone marrow microenvironment. Elevated
ROS induce oxidative DNA damage in hematopoietic
stem and progenitor cells, impairing their self-renewal

capacity and limiting effective erythroid differentiation.
These detrimental effects are further exacerbated by
inflammation-associated oxidative signaling, providing
a mechanistic link between systemic inflammatory activa-
tion and intrinsic dysfunction of the hematopoietic com-
partment.>

Collectively, the combined effects of reduced erythro-
cyte survival and impaired erythropoietic output establish
oxidative stress as a key mechanistic contributor to ane-
mia in chronic HF. By bridging inflammation, bone mar-
row dysfunction, and ineffective erythropoiesis, oxidative
stress represents a critical intermediary pathway in the
complex pathophysiology of HF-associated anemia.>%>!

Bone marrow microenvironment in heart failure
The bone marrow constitutes a highly specialized regula-
tory niche in which erythropoiesis is orchestrated throu-
gh tightly coordinated interactions between long-term
self-renewing hematopoietic stem cells, which maintain
the regenerative capacity of the hematopoietic system,
and lineage-committed hematopoietic progenitor cells
responsible for immediate erythroid output, together
with mesenchymal stromal cells, endothelial cells, and ex-
tracellular matrix components.> This niche integrates ery-
thropoietin-dependent signaling with local oxygen avai-
lability and hypoxia-responsive niche signaling, reflecting
spatial oxygen microgradients within the bone marrow,
as well as iron availability and paracrine regulatory cues
that collectively modulate erythroid progenitor fate.>*8
In chronic heart failure, disruption of these interdepen-
dent regulatory circuits renders the marrow microenvi-
ronment maladaptive, thereby constraining erythroid
lineage commitment and limiting the capacity of proge-
nitor cells to mount an effective erythropoietic response
despite preserved systemic stimuli.>®

In chronic heart failure, erythropoietin-dependent
signaling is functionally impaired despite preserved or
elevated circulating erythropoietin levels, reflecting
a state of erythropoietin resistance at the level of ery-
throid progenitors.3* As discussed in detail above, chronic
inflammation, oxidative stress, and concomitant renal
dysfunction—hallmarks of chronic heart failure—attenu-
ate downstream erythropoietin receptor signaling, ulti-
mately limiting effective erythroid differentiation.®

Chronic heart failure is associated with systemic micro-
vascular dysfunction and reduced cardiac output, which
are expected to impair bone marrow perfusion and en-
dothelial function, given the critical dependence of the
hematopoietic niche on intact vascular regulation.>®
These changes disrupt physiologic oxygen microgradients
that normally segregate proliferative and differentiative
erythroid compartments according to their distinct meta-
bolic requirements, hypoxia-responsive signaling profiles,
and tolerance to oxidative stress. Rather than being ex-
posed to spatially organized oxygen niches, erythroid
progenitors experience fluctuating or diffuse hypoxic
conditions that disrupt coordinated hypoxia-adaptive sig-
naling.>**%62 This abnormal oxygen milieu leads to inap-
propriate activation or suppression of hypoxia-inducible
transcriptional programs and altered metabolic switch-
ing between oxidative phosphorylation and glycolysis,
thereby increasing oxidative stress.>®6263 As a result, early
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erythroid progenitors fail to sustain proliferative capac-
ity, while later-stage erythroblasts undergo premature
apoptosis or incomplete maturation, ultimately shifting
erythropoiesis toward an inefficient, stress-dominated
phenotype.56:5963

Heart failure is commonly associated with functional
iron deficiency driven by inflammation-mediated hepci-
din upregulation, as discussed above."” At the level of the
bone marrow niche, restricted systemic iron mobilization
is further compounded by impaired macrophage-mediat-
ed iron recycling within erythropoietic islands, reducing
local iron availability for hemoglobin synthesis and there-
by limiting effective erythroid maturation and further in-
hibiting erythropoiesis.?5864
Paracrine regulation within the bone marrow niche is
profoundly altered in chronic heart failure.%> Elevated le-
vels of inhibitory cytokines such as IL-6, TNF-a, and IFN-y
suppress erythroid differentiation and reduce progenitor
responsiveness to erythropoietin.?®4* Structural and func-
tional remodeling of mesenchymal stromal and endothe-
lial cells diminishes the availability of supportive growth
factors and chemokines, including stem cell factor and
CXCL12, while extracellular matrix alterations disrupt
cell-cell and cell-matrix interactions essential for ery-
thropoietic organization.>*>>% Together, these paracrine
disturbances destabilize the erythropoietic niche and fur-
ther impair coordinated erythroid lineage commitment
and maturation in chronic heart failure.>#5%65

Collectively, dysfunction of the bone marrow micro-
environment represents a central pathophysiological
link between systemic heart failure-associated stressors
and impaired red blood cell production. This integrative
framework explains the frequent persistence of anemia
in heart failure despite normal or elevated circulating
erythropoietin concentrations and provides a conceptual
bridge between impaired erythropoiesis and downstream
abnormalities in erythrocyte survival and phenotype.545%6>

Reduced RBC lifespan and deformability
Under physiological conditions, red blood cells circula-
te for approximately 120 days before being cleared by
the reticuloendothelial system.®” In chronic heart failure,
erythrocyte survival is modestly but clinically relevantly
shortened, reflecting accelerated erythrocyte turnover,
and contributes to anemia in conjunction with impaired
erythropoiesis.®®

As discussed in the preceding section, chronic heart
failure is characterized by sustained oxidative stress,
which induces structural damage to erythrocyte mem-
branes and cytoskeletal proteins, resulting in reduced
cellular deformability—a key determinant of erythrocyte
survival.®®® Impaired membrane flexibility promotes me-
chanical retention within the microcirculation and splenic
sinusoids, enhancing macrophage-mediated clearance
and ultimately shortening erythrocyte lifespan.®®
Inflammatory activation provides an additional mechani-
sm linking HF to reduced RBC survival.®® Pro-inflammatory
cytokines—including interleukin-6 and interleukin-1p—
promote eryptosis by inducing phosphatidylserine expo-
sure on the outer leaflet of the erythrocyte membrane,
a process experimentally demonstrated in vitro.”® Phos-
phatidylserine serves as a key “eat-me” signal, facilitating

recognition and clearance by the mononuclear phagocyte
system.”"In chronic HF, sustained low-grade inflammation
provides a permissive milieu for cytokine-driven erypto-
sis, thereby directly linking inflammatory activation to
accelerated erythrocyte clearance and the development
of anemia.®®7°

Beyond oxidative and inflammatory injury, endothe-
lial dysfunction and reduced nitric oxide bioavailability—
hallmarks of chronic heart failure—represent additional
contributors to altered erythrocyte biomechanics, as ni-
tric oxide plays a critical role in maintaining red blood cell
deformability.®®”2 In a murine model of chronic HF, pro-
gressive impairment of NO production was accompanied
by reduced RBC deformability and increased erythrocyte
rigidity, changes that may hinder microvascular transit
and favor premature erythrocyte clearance.*®73

Direct assessment of erythrocyte lifespan using chro-
mium-51 or biotin labeling techniques remains the gold
standard; however, such approaches are rarely applied in
clinical HF populations due to methodological and logis-
tical constraints.®”’* Consequently, indirect hematologic
markers have gained importance.”* Red cell distribution
width (RDW), reflecting heterogeneity in erythrocyte
size, is consistently elevated in patients with heart failure
and independently predicts adverse outcomes, including
increased all-cause and cardiovascular mortality, higher
rates of heart failure-related hospitalization, and worse
overall prognosis in large clinical cohorts.”>7” Increased
RDW is thought to reflect disturbed erythrocyte homeo-
stasis, integrating both impaired erythropoiesis and en-
hanced clearance of circulating red blood cells. Compen-
satory release of larger, immature reticulocytes together
with shortened survival of damaged mature erythrocytes
contributes to anisocytosis and widening of the red blood
cell volume distribution.” Thus, RDW serves not merely as
a prognostic biomarker but as an integrative surrogate of
disrupted erythropoiesis and reduced erythrocyte survival
in heart failure.”’®

Collectively, these mechanisms indicate that reduced
erythrocyte lifespan represents a clinically relevant and
pathophysiologically integrated contributor to anemia
in chronic heart failure. Accelerated erythrocyte clear-
ance, driven by oxidative injury, inflammatory signaling,
and endothelial dysfunction, acts synergistically with im-
paired erythropoietic output to limit effective red blood
cell mass. Together, these upstream and downstream ab-
normalities establish a state of heightened erythrocyte
turnover that is inadequately compensated by bone mar-
row erythropoiesis, thereby perpetuating anemia and
contributing to disease progression in heart failure.*6874

Nutritional and metabolic influences

Nutritional deficiencies are highly prevalent in heart fai-
lure and represent an important, yet often underrecogni-
zed, contributor to the development or progression of
anemia. Multiple mechanisms converge, including redu-
ced oral intake due to anorexia or early satiety, intestinal
edema and congestion impairing nutrient absorption,
increased metabolic demands, and enhanced catabolism
driven by systemic inflammation and neurohormonal acti-
vation. These disturbances are particularly pronounced in
elderly patients and in those with cardiac cachexia.”™
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Patients with heart failure frequently experience
anorexia and early satiety, largely as a consequence of
gastrointestinal congestion, hepatomegaly, and altered
gut perfusion. Elevated central venous pressure and
splanchnic congestion impair gastric emptying and in-
testinal motility, while hepatic congestion may further
exacerbate nausea and appetite suppression. In paral-
lel, venous congestion and intestinal wall edema disrupt
normal gastrointestinal function and significantly impair
nutrient absorption by compromising mucosal integrity
and digestive capacity. Edematous thickening of the in-
testinal mucosa reduces the efficiency of iron and micro-
nutrient uptake, while congestion-associated alterations
in gut permeability further exacerbate malabsorption.
Impaired intestinal absorption may lead to true iron
deficiency due to reduced transcellular iron transport
across the duodenal epithelium, resulting in insufficient
iron delivery to the circulation and subsequent iron-re-
stricted erythropoiesis.”

Reduced dietary intake and decreased absorptive ca-
pacity result in an insufficient supply of essential sub-
strates required for effective erythropoiesis, including
iron as well as other key hematopoietic micronutrients
such as vitamin B12 and folate, and high-quality pro-
tein.” While iron deficiency primarily affects heme syn-
thesis, deficiencies of vitamin B12 and folate impair DNA
synthesis, leading to ineffective erythroid maturation and
intramedullary apoptosis of erythroid precursors. In more
advanced or prolonged deficiency states, impaired nu-
clear maturation may manifest as megaloblastic anemia
and, in severe cases, may be accompanied by leukope-
nia and thrombocytopenia, resulting in pancytopenia.®
Moreover, inadequate protein intake further restricts the
availability of amino acids necessary for globin chain syn-
thesis and erythroid cell proliferation.®

Over time, these combined deficiencies contribute to
a hypoproliferative pattern of anemia characterized by
reduced reticulocyte production and impaired red blood
cell output, a phenotype frequently observed in advanced
heart failure.>® Importantly, these nutritional deficits may
coexist with preserved or even elevated iron stores in the
context of inflammation, masking true functional sub-
strate deficiency and complicating the clinical recognition
of nutrition-related anemia.®

Heart failure is characterized by a chronic hypermeta-
bolic state driven by heightened myocardial energy ex-
penditure, sustained activation of compensatory neuro-
hormonal mechanisms, and additional systemic energy
demands related to respiratory effort.® Elevated meta-
bolic demands and altered metabolic regulation in heart
failure increase the requirement for nutrients and micro-
nutrients essential for erythropoiesis, predisposing pa-
tients to iron and vitamin depletion.®* When nutritional
intake and absorption fail to meet these heightened re-
quirements, a negative balance ensues, contributing to
impaired red blood cell production and reduced hemo-
globin levels.®

Beyond the previously discussed disturbances in iron
homeostasis and erythropoietic regulation, persistent
systemic inflammation and sustained neurohormonal ac-
tivation represent central features of heart failure patho-
physiology that exert additional suppressive effects on

red blood cell production.®*’8 Proinflammatory cyto-
kines promote skeletal muscle protein breakdown and in-
duce a state of negative nitrogen balance, thereby reduc-
ing the systemic availability of amino acids and metabolic
substrates required for effective erythropoiesis.*#8” Neu-
rohormonal mediators further exacerbate erythropoietic
dysfunction by altering cellular energy utilization and re-
dox homeostasis, impairing the capacity of erythroid pre-
cursors to sustain proliferation and hemoglobin synthesis
despite preserved substrate availability.%-°

Through the convergence of these mechanisms, nu-
tritional and metabolic derangements create a state of
relative nutrient deficiency, iron-restricted erythropoi-
esis, and impaired red blood cell production, thereby sub-
stantially contributing to the burden of anemia in heart
failure.

Medication-related effects on erythropoiesis
Several pharmacologic agents routinely used in the ma-
nagement of HF may influence erythropoiesis and iron
homeostasis through diverse and often overlapping me-
chanisms.®> These include renin—-angiotensin system (RAS)
inhibitors such as angiotensin-converting enzyme inhibi-
tors (ACEIls), angiotensin receptor blockers (ARBs), and
angiotensin receptor—neprilysin inhibitors (ARNIs); diure-
tic therapy; sodium—glucose cotransporter 2 (SGLT-2) in-
hibitors; antiplatelet and anticoagulant therapies.®>°' The
net effect of these therapies on hemoglobin concentrati-
on reflects a balance between direct effects on erythroid
progenitor cells, modulation of erythropoietin produc-
tion, changes in plasma volume, renal function, and tre-
atment-associated blood or iron losses.®

Inhibition of the renin-angiotensin system repre-
sents a cornerstone of HF therapy but is associated with
modest effects on erythropoiesis. Angiotensin Il directly
stimulates erythroid progenitor cell proliferation and en-
hances erythropoietin (EPO) production; therefore, phar-
macologic blockade with ACEls or ARBs attenuates these
pathways, leading to small but measurable reductions in
hemoglobin concentration. In addition, suppression of an-
giotensin ll-mediated renal hemodynamic regulation may
impair renal oxygen sensing and EPO synthesis, particu-
larly in patients with concomitant chronic kidney disease
or reduced renal reserve.®? Angiotensin receptor—neprily-
sin inhibitors appear to exert similar or slightly attenu-
ated effects compared with ACEIs/ARBs, although data
remain limited.* Clinically, the hemoglobin-lowering ef-
fect of RAS inhibition is usually mild and outweighed by
its survival benefit but may become relevant in patients
with multiple anemia-promoting comorbidities.®

Diuretics influence hemoglobin concentration pre-
dominantly through changes in plasma volume rather
than direct effects on red blood cell production. Acute
initiation or intensification of diuretic therapy—particu-
larly with loop diuretics—often results in hemoconcen-
tration, leading to transient increases in hemoglobin and
hematocrit that reflect plasma volume contraction rather
than true augmentation of red cell mass.** In contrast,
chronic loop diuretic use, particularly at high doses, re-
duces effective circulating volume and renal perfusion,
triggering sustained activation of the renin-angiotensin-
aldosterone system and sympathetic nervous system.
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This neurohormonal activation promotes renal vasocon-
striction, inflammatory signaling, and medullary hypoxia,
ultimately impairing renal oxygen sensing and erythro-
poietin production and thereby indirectly suppressing
erythropoiesis.

Thiazide diuretics, typically administered at lower
doses or as adjunctive therapy, exert relatively mild and
stable effects on intravascular volume. Consequently, any
associated changes in hemoglobin concentration are gen-
erally small and most likely reflect volume-related effects
rather than direct modulation of erythropoiesis.®

Mineralocorticoid receptor antagonists, while not po-
tent diuretics, may further modulate hemoglobin levels
indirectly through their effects on renal hemodynamics
and electrolyte balance, as well as through attenuation
of aldosterone-mediated inflammatory and profibrotic
signaling. Although aldosterone blockade may theoreti-
cally attenuate inflammation-associated suppression of
erythropoiesis, any favorable effects on hemoglobin ap-
pear modest and are frequently offset by reductions in
erythropoietin production related to impaired renal func-
tion or hyperkalemia, resulting in a largely neutral net
effect on hemoglobin concentration.8>9226

Consequently, interpretation of hemoglobin levels in
heart failure patients receiving diuretic therapy requires
careful assessment of volume status and renal function,
as apparent anemia or normalization of hemoglobin may
reflect dilutional or concentration effects rather than
true changes in erythropoiesis.”*®>

Sodium—glucose cotransporter 2 (SGLT-2) inhibitors
have consistently been shown to increase hemoglobin
and hematocrit levels in patients with heart failure, ir-
respective of diabetes status.?” Although this effect was
initially attributed to hemoconcentration resulting from
osmotic diuresis, accumulating evidence indicates that
SGLT-2 inhibitors directly stimulate erythropoiesis. Pro-
posed mechanisms include improved renal cortical oxy-
genation, reduced tubular workload, attenuation of
inflammatory signaling, and enhanced erythropoietin
production. Notably, increases in hemoglobin associated
with SGLT-2 inhibitor therapy appear sustained over time
and may represent one of several mechanisms contribut-
ing to the observed prognostic benefits of this drug class,
distinguishing SGLT-2 inhibitors from most other heart
failure therapies, which are generally neutral or mildly
suppressive with respect to erythropoiesis.®

Antiplatelet agents and oral anticoagulants are com-
monly prescribed in patients with heart failure, particu-
larly in the presence of ischemic heart disease or atrial
fibrillation, but are associated with an increased risk of
gastrointestinal bleeding.® Beyond overt hemorrhagic
events, chronic occult gastrointestinal microbleeding
may occur and lead to progressive iron loss and deple-
tion of iron stores. Over time, this results in absolute iron
deficiency and iron-deficiency anemia, typically charac-
terized by microcytosis, hypochromia, and increased red
cell distribution width.® Elderly patients and those with
concomitant gastrointestinal pathology or exposure to
nonsteroidal anti-inflammatory drugs appear particu-
larly vulnerable, rendering long-term antithrombotic
therapy a clinically relevant contributor to anemia in
heart failure.®

Taken together, these treatment-related mechanisms
illustrate the complexity of anemia in HF. While the sur-
vival benefits of ACEls, ARBs, and anticoagulants clearly
outweigh their hematologic side effects, awareness of
these interactions is crucial. Regular monitoring of com-
plete blood counts, ferritin, and transferrin saturation is
recommended in patients on chronic HF therapy, especial-
ly in those who are elderly, have chronic kidney disease,
or receive long-term anticoagulation. Early recognition
of treatment-associated anemia allows timely correction
of iron deficiency and prevents additive negative effects
on exercise tolerance and prognosis.

Integration of mechanisms

Anemia in heart failure (HF) does not arise from a sin-
gle dominant defect but rather reflects the convergen-
ce of multiple interdependent mechanisms that jointly
impair effective red blood cell (RBC) mass and function.
These mechanisms—volume dysregulation, iron defici-
ency, impaired erythropoiesis, reduced RBC survival, and
bone marrow dysfunction—are tightly interconnected
and amplified by shared upstream drivers such as neu-
rohormonal activation, renal dysfunction, inflammation,
and oxidative stress. Consequently, reduced hemoglobin
concentration in HF may reflect true anemia, dilutional
“pseudoanemia,” or, most commonly, a combination of
both.”#

A fundamental component of this integrated phe-
notype is plasma volume expansion and hemodilution.
Neurohormonal and renal maladaptation promote so-
dium and water retention, increasing plasma volume and
lowering measured hemoglobin concentration without
a proportional reduction in RBC mass. This dilutional
component may be clinically occult in chronic conges-
tion and is particularly dynamic during episodes of acute
decompensation, when intravascular refilling and fluid
redistribution can transiently reduce hemoglobin concen-
tration. Thus, hemoglobin trajectories in HF frequently
reflect changes in volume status rather than isolated he-
matologic processes.®

Superimposed on volume-related effects, iron defi-
ciency represents a central pathophysiological link be-
tween impaired erythropoiesis and reduced tissue ener-
getics. Absolute iron deficiency may arise from impaired
intestinal absorption due to venous congestion or chronic
gastrointestinal blood loss, whereas functional iron de-
ficiency is driven by inflammation-mediated hepcidin
overexpression, which restricts iron mobilization despite
preserved or increased iron stores. In both settings, lim-
ited iron availability constrains hemoglobin synthesis and
disrupts mitochondrial function in cardiac and skeletal
muscle, thereby exacerbating fatigue, exercise intoler-
ance, and disease progression independently of anemia
severity, underscoring the clinical relevance of iron defi-
ciency beyond hemoglobin concentration alone.®

At the level of erythropoietic regulation, heart fail-
ure is characterized by relative erythropoietin (EPO) in-
sufficiency and resistance rather than absolute EPO de-
ficiency.3* Renal hypoperfusion, venous congestion, and
progressive structural kidney damage reduce effective
EPO-producing capacity, while persistent hypoxic and
neurohormonal stimuli maintain circulating EPO concen-
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trations that remain inadequate relative to the severity of
anemia.? In parallel, inflammatory cytokines and the ure-
mic milieu impair EPO receptor signaling in the bone mar-
row, resulting in blunted erythroid progenitor respon-
siveness and inappropriately low reticulocyte production
despite preserved or modestly increased EPO levels.33-3>
Functional iron deficiency further restricts erythroid re-
sponsiveness, reinforcing ineffective erythropoiesis and
limiting compensatory red blood cell production.* To-
gether, these mechanisms define a state of relative eryth-
ropoietin insufficiency and resistance in heart failure, in
which erythropoietic drive is preserved but functionally
ineffective, explaining the limited efficacy of erythropoi-
esis-stimulating strategies in this population.3438

Inflammation and oxidative stress act as central am-
plifiers that integrate disturbances in iron metabolism,
erythropoietic regulation, and red blood cell survival in
heart failure.® Pro-inflammatory cytokines promote hep-
cidin synthesis, suppress erythroid progenitor survival
and differentiation, and impair erythropoietin signaling,
thereby directly linking immune activation to functional
iron restriction and bone marrow dysfunction.5* Oxida-
tive stress, arising from mitochondrial dysfunction and
excessive generation of reactive oxygen species, interacts
bidirectionally with inflammation and amplifies cellular
injury across multiple compartments.”® Oxidative dam-
age to mature red blood cell membranes and cytoskeletal
proteins reduces erythrocyte deformability and promotes
premature clearance from the circulation, while parallel
injury to hematopoietic progenitors limits effective red
blood cell production in the bone marrow.*®>3% Clinical-
ly, this combined disturbance of erythropoiesis and red
blood cell survival manifests as increased red cell distribu-
tion width, a robust integrative marker that consistently
associates with adverse outcomes in heart failure.”>’® Col-
lectively, these processes highlight anemia in heart failure
as an integrated consequence of inflammatory, oxidative,
and erythropoietic dysregulation.®

These processes are further shaped by disruption of
the bone marrow niche and by systemic modifiers charac-
teristic of heart failure.®> Reduced marrow perfusion and
persistent inflammatory signaling in heart failure desta-
bilize the erythropoietic microenvironment by impairing
iron availability and erythroid progenitor maturation,
thereby favoring ineffective erythropoiesis.®*®# In par-
allel, nutritional deficiencies, malabsorption related to
intestinal congestion, and catabolic metabolic signaling
reduce the availability of substrates essential for effective
erythropoiesis.’®88 Medication-related factors—includ-
ing renin—angiotensin system inhibition, diuretic-induced
volume shifts, and chronic antithrombotic therapy—add
further complexity by modulating plasma volume, eryth-
ropoietic signaling, and iron balance, thereby reinforcing
anemia through multiple converging pathways.518:8592.94.95
Collectively, these factors reinforce anemia in heart fail-
ure as a multifactorial and dynamically regulated condi-
tion requiring integrated pathophysiological interpreta-
tion.

This integrated pathophysiological framework helps
explain why therapeutic strategies targeting single mech-
anisms have largely failed to improve clinical outcomes
in heart failure—associated anemia.®> Erythropoiesis-stim-

ulating agents increase hemoglobin only modestly and
do not overcome the combined barriers of iron restric-
tion, inflammation, oxidative stress, and bone marrow
resistance, while oral iron supplementation is frequently
ineffective due to hepcidin-mediated blockade of intesti-
nal absorption.?*385 |n contrast, interventions that act on
multiple pathways simultaneously—such as intravenous
iron therapy or sodium-glucose cotransporter 2 inhibi-
tors—have demonstrated more consistent clinical bene-
fit, likely by restoring functional iron availability, improv-
ing erythropoietic signaling, and modulating renal and
volume homeostasis.>®” Taken together, this integrated
framework highlights anemia in heart failure as a patho-
physiological marker of systemic disease severity rather
than an isolated therapeutic target.

In summary, heart failure-associated anemia represents
a multifactorial manifestation of systemic disease severity
rather than an isolated hematologic disorder.>®# Over-
lapping disturbances in volume regulation, iron metabo-
lism, erythropoietin signaling, bone marrow function,
and red blood cell survival—amplified by inflammation
and oxidative stress—necessitate an integrated clinical
interpretation. Consequently, hemoglobin concentration
should be evaluated and managed in the context of iron
status, volume dynamics, and underlying disease process-
es rather than targeted in isolation.®

Discussion

Anemia in heart failure represents the integrated out-
come of multiple interdependent physiological distur-
bances rather than a single dominant abnormality. The
mechanisms discussed in this review—encompassing vo-
lume regulation, iron handling, erythropoietic signaling,
red blood cell production and survival, inflammation, and
metabolic stress—interact dynamically and vary in relative
importance across disease stages and clinical contexts.

A key implication of this integrated framework is
that hemoglobin concentration functions as a composite
marker rather than a direct surrogate of red blood cell
mass or oxygen-carrying capacity. Changes in hemoglo-
bin may therefore reflect true anemia, dilutional effects,
or both, complicating clinical interpretation when hemo-
globin is considered in isolation. This complexity provides
a plausible explanation for the limited and inconsistent
success of therapeutic strategies targeting individual
pathways.

Iron deficiency constitutes an important and clinically
relevant component of this spectrum, but it does not op-
erate in isolation. Its interaction with inflammatory sig-
naling, erythropoietic responsiveness, and volume status
underscores the need to interpret iron-related abnor-
malities within a broader systemic context. Similarly, dis-
turbances in erythropoietin signaling, bone marrow func-
tion, and red blood cell survival contribute independently
and synergistically to anemia severity and persistence.

Several conceptual and methodological gaps remain.
It is not fully established whether anemia in heart failure
acts primarily as a mediator of disease progression or as
a marker of systemic illness severity. In addition, hetero-
geneity in study design, reliance on hemoglobin as a soli-
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tary endpoint, and limited integration of volume- and
erythropoiesis-related parameters constrain interpreta-
tion of existing evidence.

Future research should prioritize integrative phenotyp-
ing approaches that capture the multidimensional nature
of anemia in heart failure. Such strategies may improve risk
stratification, refine therapeutic targeting, and support
more personalized management frameworks. Collectively,
these considerations support viewing anemia in heart fail-
ure as a dynamic manifestation of multisystem dysregula-
tion rather than an isolated hematologic disorder.

Conclusion

Anemia is a frequent and clinically relevant feature of
heart failure that reflects the convergence of multiple
interrelated pathophysiological disturbances, including
volume dysregulation, impaired erythropoietic signaling,
inflammation, altered iron handling, and oxidative stress.
Rather than representing a secondary or isolated abnor-
mality, anemia constitutes an integrated component of
the systemic dysregulation characteristic of heart failure,
with important functional and prognostic associations.

Current evidence indicates that hemoglobin concentra-
tion alone provides an incomplete representation of this
complex phenotype. Meaningful clinical interpretation
requires consideration of iron status, volume dynamics,
and underlying regulatory mechanisms that jointly shape
anemia expression across different stages of heart failure.

From a clinical perspective, these insights support the
need for a more integrated approach to anemia assess-
ment and management in heart failure. Future research
should focus on multidimensional phenotyping strategies
that move beyond single biomarkers, clarify the mecha-
nistic hierarchy underlying anemia, and inform more per-
sonalized therapeutic frameworks. Collectively, such ap-
proaches may improve risk stratification and contribute
to more effective, mechanism-informed management of
patients with heart failure.
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SniZzené hladiny vitaminu A v séru a doporuceni k suplementaci
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Transthyretinova amyloidéza srdce (ATTR-CM) predstavuje progresivni infiltrativni kardiomyopatii podmi-
nénou ukladanim amyloidovych fibril vznikajicich z destabilizovaného transthyretinu. V poslednich letech
narGstaji diikazy o tom, Ze toto onemocnéni je vyrazné poddiagnostikované. U starSich nemocnych se sr-
dec¢nim selhanim se zachovanou ejekéni frakci, zejména u muzd nad 70 let, mGze prevalence tzv. wild-type
ATTR-CM formy presahovat 10 %, pficemz zvyseny vyskyt je popsén také u pacientl s aortalni stenézou.
Mezi typické anamnestické Udaje patfi syndrom karpalniho tunelu, ¢asto s nékolikaletym predstihem pred
manifestaci kardialniho postizeni.
Diagnosticky postup vychdazi z kombinace klinického podezieni, zobrazovacich metod a laboratornich testd.
Zasadni roli hraje echokardiografie a magneticka rezonance srdce, které umoznuji identifikaci charakte-
ristickych zndmek infiltrace myokardu amyloidem. Nasledné je nezbytné vyloucit AL amyloidézu pomoci
hematologickych testt cilenych na prikaz plazmocelularni dyskrazie (imunofixace séra a moci, stanoveni
volnych lehkych fetézcl v séru). Pfi negativnim nalezu je preferovéno neinvazivni potvrzeni diagnézy pomo-
ci kostni scintigrafie (napf. *mTc-DPD). Genetické vysetfeni slouzi finalné k rozliSeni hereditarni a wild-type
formy onemocnéni.
Terapeutické moznosti ATTR-CM se v poslednich letech zasadné rozsifily. Zakladem jsou stabilizatory trans-
thyretinu, které inhibuji disociaci tetrameru (napt. tafamidis, acoramidis). Dal3i vyznamnou skupinu tvofi ge-
nové silencery (siRNA, napf. vutrisiran a patisiran ¢i antisense oligonukleotidy, napf. eplontersen), jez vedou
ke snizeni syntézy transthyretinu v jatrech. Perspektivni smér predstavuji i pfistupy zamérené na odstranéni
amyloidovych depozit a genovd editace. Nedilnou soucasti 1écby zUstdva nespecificka terapie, zamérend
predevsim na srdecni selhani a arytmické manifestace choroby, s individuainim prizpisobenim.
V¢asné stanoveni diagnoézy a zahajeni cilené 1écby jsou klicové pro zpomaleni progrese onemocnéni a zlep-
seni dlouhodobé progndzy pacientu.
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ABSTRACT

Transthyretin cardiac amyloidosis (ATTR-CM) is a progressive infiltrative cardiomyopathy caused by the de-
position of amyloid fibrils derived from destabilized transthyretin. In recent years, increasing evidence has
shown that this condition is significantly underdiagnosed. Among elderly patients with heart failure with
preserved ejection fraction, particularly men over 70 years of age, the prevalence of the wild-type form of
ATTR-CM may exceed 10%, with a higher occurrence also described in patients with aortic stenosis. A typi-

Adresa pro korespondenci: Prof. MUDr. Ales Linhart, DrSc., FESC, II. interni klinika kardiologie a angiologie, 1. lékafské fakulta Univerzity Karlovy a Vseobecna
fakultni nemocnice v Praze, U Nemocnice 2, 128 08 Praha 2, Ceska republika, e-mail: ales.linhart@vfn.cz

DOI: 10.33678/cor.2026.062

Tento ¢lanek prosim citujte takto: Linhart A, Palecek T, Krejci J, et al. Odborné stanovisko Pracovni skupiny pro choroby myokardu a perikardu k 1é¢bé transthyretinové srdecni amy-

loiddzy. Cor Vasa 2026;68:364-373.



A. Linhart et al.

365

Keywords:

Cardiac amyloidosis diagnosis
Clinical practice recommendations
Disease-modifying therapy
Transthyretin cardiac amyloidosis
Transthyretin stabilizers and gene

cal feature in the medical history is carpal tunnel syndrome, often preceding the manifestation of cardiac
involvement by several years.

The diagnostic approach is based on a combination of clinical suspicion, imaging techniques, and laboratory
testing. Echocardiography and cardiac magnetic resonance play a central role, enabling the identification
of characteristic signs of myocardial amyloid infiltration. It is then essential to exclude AL amyloidosis using
hematological tests aimed at detecting plasma cell dyscrasia (serum and urine immunofixation, and measu-
rement of serum free light chains). If these tests are negative, non-invasive confirmation using bone scinti-
graphy (e.g., *™Tc-DPD) is preferred. Genetic testing is ultimately required to distinguish between hereditary
and wild-type forms of the disease.

Therapeutic options for ATTR-CM have expanded substantially in recent years. The cornerstone of treatment
consists of transthyretin stabilizers, which inhibit tetramer dissociation (e.g., tafamidis, acoramidis). Another
important group includes gene silencers (siRNA, such as vutrisiran and patisiran, or antisense oligonucleo-
tides, such as eplontersen), which reduce transthyretin synthesis in the liver. Emerging approaches include
therapies aimed at removing amyloid deposits and gene editing strategies. An integral part of management
remains supportive therapy, primarily targeting heart failure and arrhythmic manifestations, with an indi-
vidualized approach.

Early diagnosis and timely initiation of targeted therapy are crucial for slowing disease progression and

silencers

improving long-term patient outcomes.

Uvod

Amyloid je tvoren agregaty bilkovin s vlaknitou struk-
turou, které vznikaji z plvodné rozpustnych proteint
zménou jejich tercidrni struktury. Pro amyloidni vlak-
na je typicka konfigurace beta-sklddaného listu, pfi niz
mezi sebou sousedni bilkovinna vlakna interaguji pro-
stfednictvim vodikovych vazeb mezi vodikem amidové
a kyslikem karbonylové skupiny postrannich fetézcu.
Vysledkem je ztrata helikalni struktury bilkovin a vznik
nerozpustnych amyloidnich fibril, pro néz je pfi histolo-
gickém vysetfeni typické barveni kongo ¢erveni.!' Podle
posledni klasifikace bylo u ¢lovéka identifikovano 42
amyloidogennich proteind, z nichZ 23 maze vést k systé-
mové depozici amyloidu.?

Srdecni amyloidéza vznika nejcastéji, ve vice nez 95 %
pfipady, v ramci systémové AL amyloidézy nebo transthy-
retinové amyloidézy (ATTR). V klinické praxi je zasadni
tato dvé onemocnéni od sebe odlisit. AL amyloidéza srdce
je dusledkem depozice amyloidnich fibril tvofenych leh-
kymi imunoglobulinovymi fetézci lambda (¢astéji) nebo
kappa, které jsou excesivné produkovany abnormdlnim
klonem plazmatickych bunék v kostni dieni. PFic¢inou
ATTR je nestabilita tetramerd plazmatického proteinu
transthyretinu, z jejichZ uvolnénych monomerd nasledné
vznikaji amyloidogenni fibrily. V nasich podminkach je
ATTR nejcastéji podminéna starnutim organismu pfi divo-
ké formé ATTR (ATTRwt, dfive zvana senilni amyloiddza),
vzacnéji se jednd o geneticky podminéné onemocnéni,
tedy ATTRv.>4

ATTRv je autosomdlné dominantné dédi¢né onemoc-
néni zpusobené patogenni variantou v genu TTR. Gen
TTR je lokalizovan na chromosomu 18qg12.1, obsahuje 4
exony a zabird pfiblizné 7 kb genomové DNA. Dosud bylo
popsano priblizné 150 amyloidogennich variant, prevaz-
né typu missense. Nejzndméjsi a celosvétové nejcastéjsi
variantou je p.Val50Met podle soucasné nomenklatury,
historicky oznacovand jako Val30Met, ktera je spojena
s vyraznym efektem zakladetele zejména v Portugalsku,
severnim Svédsku a Japonsku. V téchto endemickych ob-
lastech byva typicky spojena s casnéji vznikajici polyneu-
ropatii, zatimco v neendemickych oblastech je fenotyp

heterogennéjsi a castéji zahrnuje i vyznamné kardialni
postizeni.*”’

Vedle forem s prevazné kardialnim postizenim existu-
ji u ATTRv i formy s dominantnim neurologickym feno-
typem, tradi¢né oznacované jako familiarni amyloidova
polyneuropatie. Tyto formy se klinicky projevuji pomalu
progreduijici, délkové zavislou senzomotorickou polyneu-
ropatii, ktera ¢asto zacina postizenim tenkych nervovych
vldken s bolestmi, dysesteziemi a poruchou ¢iti na perife-
rii s progresi centrélné. Casné byva pfitomna autonomni
dysfunkce s ortostatickou hypotenzi, gastrointestinalni
dysmotilitou, poruchou poceni, erektilni dysfunkci a poz-
déji i motorickym deficitem. Bez |é¢by ma neurologicka
forma progresivni charakter a vede k zavazné ztraté mo-
bility, autonomni insuficienci, malnutrici a zkraceni prezi-
ti; progndza je zdsadné ovlivnéna Casnosti diagnozy a za-
hajenim chorobu modifikujici 1écby.*>7

Vyjimecné dochdzi k postizeni srdce v ramci depozice
AA amyloidu pfi chronickych zdnétech nebo pfi ukladani
B,-mikroglobulinu u nemocnych v dialyza¢nim progra-
mu. Vzacné mlze amyloidni kardiomyopatie vznikat i pfi
hereditarni amyloidéze z depozice apolipoproteinu Alll
nebo AIlV, které byvaji doprovazeny tézkou nefropatii
s nefrotickym syndromem.® Podezfeni na tyto méné casté
typy srde¢ni amyloidézy vétsinou vyplyva z klinickych sou-
vislosti; od béznych forem je Ize spolehlivé odlisit zpravi-
dla pouze pomoci biopsie, pfipadné doplnéné molekular-
négenetickym vysetfenim.

Klinicky obraz a varovné priznaky

ATTR-CM se klinicky nejcastéji projevuje jako srdecni se-
Ihani se zachovanou nebo jen mirné snizenou ejekéni
frakci, srde¢ni selhadni v terénu méné vyznamné aortal-
ni stendzy, fibrilace sini nebo atrioventrikuldrni blokady.
V extrakardidlni oblasti byva ATTR amyloidéza casto do-
provazena syndromem karpalniho tunelu, vzacnéji spon-
tanni rupturou slachy dlouhé hlavy bicepsu, stenézou pa-
tefniho kanalu nebo hypakuzi. U ATTRv muze byt vedle
kardiadlniho postizeni pfitomna také senzomotoricka a/
nebo autonomni polyneuropatie, jejiz prevazujici podil
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ukazuje spise na neurologicky fenotyp onemocnéni. Ten
byva typicky spojen s paresteziemi a bolestmi dolnich
koncetin, progresi poruch ¢iti a chdze a s projevy auto-
nomni dysfunkce, véetné ortostatické hypotenze a gas-
trointestindlnich obtizi.>*

Naproti tomu AL amyloidéza se vyznacuje vyrazné Sir-
$im systémovym postizenim. Kardidlni postizeni se proje-
vuje rychle progredujicim srde¢nim selhanim. PostiZzeni
ledvin vede k nefrotickému syndromu az k selhani ledvin.
Infiltrace gastrointestinalniho traktu muze podminovat
makroglosii, poruchy motility a malabsorp¢ni syndrom.
Mezi casté doprovodné nélezy patfi snadna tvorba koz-
nich hematom, polyneuropatie a ortostaticka hypoten-
ze.® Systém varovnych znamek pomaha identifikovat ne-
mocné se srde¢ni amyloidézou.™

Diagnostika

Vcasna diagnostika ATTR-CM je kli¢ova vzhledem k do-
stupnosti specifické, chorobu modifikujici 1é¢by, kterd vy-
znamné zlep3uje prognézu nemocnych. Zasadni je proto
jiz samotné vysloveni podezieni na amyloidovou kardio-
myopatii na zakladé klinického obrazu a pfitomnosti va-
rovnych zndmek. U nemocnych s polyneuropatii nejasné
etiologie, zejména je-li pfitomna autonomni dysfunkce,
syndrom karpalniho tunelu, hypertrofie levé komory bez
zjevné pficiny nebo pozitivni rodinnd anamnéza, je tfeba
vzdy pomyslet i na ATTRv s neurologickym nebo smise-
nym neurokardidlnim fenotypem.*>?

Dalsim krokem v diagnostickém algoritmu je provedeni
echokardiografického a EKG vysetieni. Echokardiografic-
ky nachazime difuzni ¢ asymetrické zesileni stén nezvét-
sené levé komory, jejiz ejekéni frakce mize byt zachova-
na, hrani¢ni nebo snizena, obvykle mirné. Velmi ¢astym
ndlezem je vyrazné snizeni longitudinalni kontrakce stén
levé komory, a to i pfi zachované ejekéni frakci, patrné
jako alterace globalniho longitudindiniho strainu, obvyk-
le nad —15 %. Pro srde¢ni amyloidézu je déle charakte-
risticky vzorec relativniho zachovani apikdlniho strainu
pfi vyraznéj$im postizeni bazalnich a stfednich segmen-
ta (,apical sparing”). Pravidlem je porucha diastolické
funkce levé komory se znamkami zvysenych plnicich tlakd
s dilataci levé ¢i obou sini. Ackoli je srde¢ni amyloidéza ty-
picky uvddéna jako restriktivni kardiomyopatie, jsou po-
krocilé stupné diastolické dysfunkce pfitomny jen u ¢asti
nemocnych. Dal$imi typickymi znamkami jsou zesileni
chlopni, zesileni stény pravé komory, interatridlniho sep-
ta a nékdy i pfitomnost perikardidlniho vypotku, zejména
u AL formy.12

V protikladu k zesileni stén levé komory je pro srde¢ni
amyloidézu typickd absence voltazovych kritérii hyper-
trofie levé komory na EKG; ¢asta je normalni az nizka vol-
tdz komplext QRS a obraz tzv. pseudoinfarktu. U nemoc-
nych s ATTR-CM se dale velmi ¢asto vyskytuji fibrilace sini
a prevodni poruchy, atrioventrikuldrni i nitrokomorové;
u fady pacientd midze byt jiz implantovan trvaly kardio-
stimulator.™

Dulezitym zobrazovacim nastrojem pro potvrzeni po-
dezfeni na amyloidovou kardiomyopatii je magneticka
rezonance srdce. Typickym nédlezem je difuzni subendo-
kardialni nebo transmurdlni pozdni syceni gadoliniovou

kontrastni latkou. Dal$im charakteristickym ndlezem je
vyrazné zvyseni hodnot nativniho T1 relaxa¢niho casu
a zejména extraceluldrniho objemu myokardu > 40 %."?
Ani magneticka rezonance ani echokardiografie vsak ne-
dokdazou jednotlivé typy srde¢ni amyloidézy mezi sebou
spolehlivé odlisit.

Jestlize je na zakladé klinické manifestace, EKG a echo-
kardiografického vysetfeni, pfipadné i ndlezu na mag-
netické rezonanci, vysloveno podezfeni na pfitomnost
amyloidové kardiomyopatie, je nasledny diagnosticky
postup zaméren na potvrzeni ¢i vylouceni jeji pfitomnosti
a urceni etiologie (obr. 1). V praxi to znamena predevsim
diferencidlni diagnostiku mezi AL amyloidézou a ATTR.
Indikovdna jsou proto dvé zasadni neinvazivni vysetre-
ni: scintigrafie srdce pomoci techneciem znacenych bis-
fosfonatll a laboratorni vysetfeni zamérené na prakaz ¢i
vylouc¢eni monoklonalnich imunoglobulind. Laboratorni
vysetfeni nesmi byt nikdy opomenuto a mélo by ideal-
né predchazet scintigrafickému vysetreni, protoze je ci-
leno na vylouceni nebo naopak vysloveni podezieni na
AL amyloidézu. Sklada se ze stanoveni koncentraci a pre-
devsim poméru volnych lehkych fetézcd kappa a lambda
v séru a z elektroforézy a imunofixace séra a moci. Pokud
je toto laboratorni vysetfeni pozitivni, ukazuje obecné
na pfitomnost plazmocelularni dyskrazie (monoklonalni
produkce imunoglobulinu, resp. volnych fetézcd) a je in-
dikovdno hematologické vysetfeni s otdzkou pfitomnosti
AL amyloidézy.™

Scintigrafické vysetfeni pomoci techneciem znacenych
bisfosfonatd, v nasich podminkach predevsim *°"Tc-DPD
(DPD = 3,3-difosfono-1,2-propanodikarboxylova kyseli-
na), je klicovou zobrazovaci metodou v diagnostice a di-
ferencidlni diagnostice srde¢ni amyloidézy. Techneciem
znacené bisfosfonaty maji vyrazné vyssi afinitu k myokar-
du infiltrovanému ATTR nez AL amyloidem. Vysetieni se
hodnoti semikvantitativné na zadkladé vizualniho srovna-
ni vychytdvani radiofarmaka v srdci a Zebrech podle ské-
re Peruginiové od 0 do 3." Protoze k vychytavani tech-
neciem znaceného bisfosfondtu mize dochazet nejen
u ATTR, ale i u AL amyloiddzy, je vzdy nutné interpreto-
vat vysledek scintigrafie v kontextu vysledk hematolo-
gického laboratorniho vysetrfeni.’”? Pokud scintigrafické
vySetieni prokazuje vysoké vychytdvani radiofarmaka
v myokardu, tedy skére Peruginiové 2 nebo 3, a soucasné
jsou negativni vysledky laboratorniho vysetfeni vylucujici-
ho plazmocelularni dyskrazii, je dnes mozné neinvazivné
stanovit diagnézu ATTR-CM bez nutnosti bioptického vy-
Setreni. Je-li scintigrafické vysetfeni negativni, tedy skore
Peruginiové 0, a zarovern je negativni i hematologické la-
boratorni vysetfeni, jsou AL i ATTR prakticky vylouceny.
Pretrvava-li vSak v tomto pripadé i nadale vysoké klinické
podezieni na srde¢ni amyloidézu, je vhodné doplnit mag-
netickou rezonanci srdce, pokud dosud nebyla provede-
na, a nasledné pripadné biopsii myokardu se zamérenim
i na vzacné pfriciny srdecni amyloidézy mimo AL a ATTR.
V pfipadech mélo vyrazného vychytavani radiofarmaka
v myokardu, tedy pfi skére Peruginiové 1 a soucasné ne-
gativité hematologického laboratorniho vysetfeni, je nut-
né doplnit bioptické vysetfeni k potvrzeni ¢i vylouceni sr-
de¢ni amyloiddzy a jeji etiologie, protoze se mlze jednat
o Casnou fazi ATTR-CM. Jak bylo uvedeno vyse, jestlize je
zjisténa abnormalita v hematologickém laboratornim vy-
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Setfeni, je bez ohledu na vysledek scintigrafie indikovano
co nejcasnéjsi dovysetreni etiologie plazmocelularni dys-
krazie, pfedevsim vylouceni AL amyloiddzy, véetné bio-
psie myokardu k jasné verifikaci typu srde¢ni amyloidézy,
je-li jiz dokumentovan urcity stupen vychytavani radiofar-
maka v myokardu, tedy skére Peruginiové 1 az 3. Souhrn
diagnostiky srde¢nich amyloidéz v podobé modifikované-
ho schématu ze soucasnych doporuceni Evropské kardio-
logické spole¢nosti pro management kardiomyopatii je
uveden na obrazku 1.%

Genetické testovanije nedilnou soucasti diagnostiky kaz-
dého nemocného s potvrzenou ATTR amyloidézou, a to
bez ohledu na vék ¢i fenotyp. Jeho cilem je rozlisit ATTRwt
od ATTRYv, coz ma pfimy dopad na progndzu, vybér lécby,
genetické poradenstvi i indikaci kaskadového screeningu
v rodiné. Soucasné je vhodné na genetické vysetfeni po-
myslet i dfive, zejména u pacientu s polyneuropatii nejasné
etiologie, smisSenym neurokardialnim fenotypem nebo po-
zitivni rodinnou anamnézou. U pacientl s jednoznac¢nym
podezienim na TTR amyloiddzu se pouzivd Sangerova sek-
venace dvou kddujicich exont genu TTR. U méné jasné dia-
gndzy, prevazujici neuropatie a hlavné mladsich pacientt
je mozné zvolit cileny panel sekvenovani nové generace
(next generation sequencing, NGS) vsech znamych genl
pro dédi¢na neurologickd onemocnéni a/nebo celoexomo-
vé sekvenovani (whole exome sequencing, WES - pfiblizné
20 tisic genll). Metody se fidi dle preference jednotlivych
akreditovanych molekuldrnégenetickych laboratofi. Nalez
pravdépodobné patogenni nebo patogenni (LP/P) DNA va-
rianty v genu TTR definuje diagndzu ATTRy; pii negativnim
genetickém ndlezu u pacienta s klinicky potvrzenou tran-

sthyretinovou amyloidézou jde o ATTRwt. U rodin s ATTRv
je nasledné indikovano genetické poradenstvi a kaskadové
testovani pfibuznych.*’

U ATTRv neplati absolutni déleni na ,neurologické”
a ,kardidlni” mutace; presnéjsi je hovofit o variantach
s prevladajicim neurologickym, kardidlnim nebo smise-
nym fenotypem. Mezi varianty tradi¢né spojované s do-
minantné neurologickym postizenim patfi predevsim
p.Val50Met, aviak i tato varianta mGze mit v neendemic-
kych oblastech vyznamny kardialni podil. Naproti tomu
nékteré jiné varianty jsou typicky spojeny s pfevazné kar-
didlni manifestaci, aviak lze predpokladat, Ze u fady va-
riant bude mozno najit vyznamnou variabilitu klinickych
projevd.

Lécba ATTR-CM (tabulky 1 a 2)
Nespecificka lécha

B Lécba srdecniho selhani
Zakladem symptomatické [é¢by je prevence nebo odstra-
néni kongesce pomoci klickovych diuretik, zejména furo-
semidu, jehoZ davkovani je tfeba peclivé titrovat s ohle-
dem na nutnost udrzeni dostatec¢ného plniciho tlaku pro
zachovani minutového vydeje. Furosemid je obvykle po-
davan v kombinaci s antagonisty mineralokortikoidnich
receptord, které byvaji dobre tolerovany a u nichz byl po-
psan i pfiznivy prognosticky efekt.'s'?

Dalsi Iékovou skupinou, ktera se jevi jako velmi nadéjna,
jsou inhibitory SGLT2. Jiz fada praci ukazala jejich dobrou

Klinické projevy + echokardiografické a/nebo MR nalezy suspektni ze srde¢ni amyloidozy

Scintigrafické vysetreni
s techneciem znacenymi bisfosfonaty

O

Hematologické laboratorni vysetieni
+ (pomér volnych lehkych fetézl kappa
a lambda v séru, imunofixace séra a moci)

v

Peruginiové skore 0
Hematologie negativni

E—

Peruginiové
skore 2-3

Peruginiové skore 1-3
Hematologie negativni

Peruginiové
skore 1

v ¢ ¢

Peruginiové skore 0 Peruginiové skére 1-3
Hematologie pozitivni Hematologie pozitivni

I |
v

AL amyloidéza?

!

AL a ATTR ATTR srdce . L Histologické vysetreni
soce nepravdépodobné: Histologické S ey
Vyk g g’lvt p’kl' e vyietfeni (biopsie (myo|'<a.rd|a,In|,lextrakarvd|a,In|vblgps[e),
pokud nadale trva klinicke yoKkardl) u Peruginiové skore 0 mozné predradit MR
POdEZfeT' _r:ja,srdecm o y (MR negativni ~ amyloidéza srdce nepravdépodobna)
amyloidézu enetické
testovani:
MR, biopsie myokardu ATTRWt/ATTRv

Obr. 1 - Diagnosticky algoritmus pro ATTR-CM

ATTRv - variantni (hereditdrni) transthyretinova amyloidéza; ATTRwt - wild-type (ziskand) transthyretinovd amyloidéza; MR — magneticka

rezonance srdce.
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Selekce nemocnych a vybér lécby modifikujici pribéh ATTR-CM

Pfilis brzy na lécbu modifikujici prabéh

- Asymptomaticti nositelé patogennich
variant TTR

- Nekardialni biopsie: dikazy o uklddani
amyloidu TTR (napf. tkan karpalniho

Vhodni pro lécbu modifikujici pribéh

- Potvrzend ATTR-CM na zakladé radionuklidové
scintigrafie v nepfitomnosti monoklonélniho
proteinu nebo biopsie s ATTR

- Klinickd anamnéza srdec¢niho selhani

Pravdépodobné pozdé pro lécbu
modifikujici prabéh

- Pfiznaky NYHA tfidy IV

— NT-proBNP 8 500 pg/ml

- Tézka dysfunkce ledvin

tunelu nebo obratlového vazu) bez - Pfiznaky tfidy NYHA I-IIl (eGFR > 15 ml/min/1,73 m?)
srdecniho onemocnéni Pacienti s mirnéjsimi priznaky (drivéjsi diagndza) - Vyznamné funkcni omezeni
l maji nejlepsi vysledky (6MWD < 100-150 m)

Monitorovani a sledovani

* Biomarkery

e Echokardiogram

* Potencialné nasledné scintigrafie
a beta-blokatord

Lécba srdecniho selhani

- Diuretika titrovana podle ptiznak;
vyhnéte se predavkovani

- Opatrnost pfi uzivani vazodilatatord

® Doporuceni k transplantaci srdce,
pokud nejsou kontraindikace
® Konzultace paliativni péce

- Inhibitory MRA a SGLT2 ke zmirnéni méstnani

Fibrilace sini

- Antikoagulace bez ohledu na skére CHA,DS,-VA

v

ATTRv-CM s kardiomyopatii a polyneuropatii
- Vutrisiran
- Konzultace neurologa

‘

ATTRwt-CM nebo ATTRv-CM bez polyneuropatie
- Tafamidis, acoramidis nebo vutrisiran
na zékladé
- Uhrady
— Dostupnosti
- Preference pacienta v¢. zpUsobu podani
— Nedostatecné dlikazy pro doporuceni kombinované
terapie se stabilizdtorem TTR a silencerem TTR
- Nedostatecné dlikazy pro zménu terapie v pripadé
progrese onemocnéni

Obr. 2 - Rozhodovaci algoritmus pro lé¢bu modifikujici priibéh onemocnéni (podle odkazu 41)

ATTR-CM - transthyretinova amyloidéza srdce; ATTRv-CM - variantni (hereditarni) transthyretinova amyloidova kardiomyopatie; ATTRwt-
-CM - wild-type (ziskana) transthyretinovéd amyloidéza srdce; eGFR — odhadovana glomerulérni filtrace; MRA — antagonista mineralokorti-
koidnich receptor(; NT-proBNP — N-terminalni fragment natriuretického propeptidu typu B; SGLT2 - sodiko-glukézovy kotransportér 2; TTR

- transthyretin; 6MWD - vzdalenost v 6minutovém testu chlze.

toleranci a rovnéz pozitivni dopady v podobé snizeni hod-
not NT-proBNP, zmirnéni symptomu s poklesem funk¢ni tiidy
NYHA a potreby nizsich davek diuretik.’®VVyznamna je zejmé-
na retrospektivni studie srovnavajici 220 nemocnych lé¢enych
inhibitory SGLT2 s kontrolni skupinou 220 nemocnych bez
této lécby vytvorenou metodou propensity matching. Po 28
meésicich sledovani byla vedle vyse uvedenych vysledk( pozo-
rovana i nizsi celkova mortalita i mortalita z kardiovaskular-
nich pfic¢in a méné hospitalizaci pro srde¢ni selhani."
Naopak vysledky Iécby dalSimi bézné uzivanymi skupi-
nami lékd pro srdecni selhdni jsou rozporuplné. Inhibitory
angiotenzin konvertujicitho enzymu, blokatory receptoru
AT, pro angiotenzin Il i inhibitory angiotenzinovych re-
ceptord a neprilysinu (ARNI) byvaji pro hypotenzi Spatné
tolerovany a dosud u nich nebyl prokazan jednoznacny
prognosticky prinos. Betablokatory je tfeba pouzivat s vel-
kou opatrnosti. U tézké diastolické dysfunkce maze byt
zvyseni srde¢ni frekvence jedingm mechanismem umoz-
Aujicim zvySeni minutového vydeje. Nemocni s ATTR-CM
navic ¢asto trpi chronotropni inkompetenci nebo prevod-
nimi poruchami. Obvykle jsou proto podavany nizké dav-
ky betablokatoru, které Ize vyuzit i ke kontrole frekvence
pfi fibrilaci sini. Dostupna data naznacuji, Ze u nemocnych
se snizenou systolickou funkci levé komory a vy33im sym-

patikotonem mohou mit betablokatory pfiznivy dopad na
progndzu, a to zejména u ATTRwt.'62°

Je v8ak nutno zdlraznit, Ze zadny z vy3e uvedenych
lécebnych postupl neni podlozen daty z prospektivnich
randomizovanych studii a nase doporuceni se opiraji pre-
devsim o retrospektivni studie a registry.

Pristrojova lécha

Ukazuje se, Ze biventrikularni stimulace je u nemocnych
s ATTR-CM vyhodnéjsi nez stimulace pravokomorov4, a to
z hlediska vyvoje funk¢niho stavu, biomarkerd i mortality.
U nemocnych s pfedpokladanym vyssim podilem stimulace
je proto srdecni resynchronizac¢ni |é¢ba preferovanou va-
riantou.?" V soucasnosti se zacinaji objevovat prvni prace
naznacujici proveditelnost stimulace prevodniho systému,
kterd by mohla predstavovat u nékterych typU prevodu
alternativu k resynchronizaci.??

Nejasnosti pretrvavaji v otdzce implantace implantabil-
niho kardioverteru-defibrilatoru (ICD). V minulosti nebyla
doporucovdna pfinejmensim v primdrni prevenci nahlé
srde¢ni smrti, aviak s nastupem novych lé¢ebnych moz-
nosti prodluzujicich preziti se tato otazka znovu otevira.
V sekundarni prevenci by méla byt implantace ICD zvaze-
na, a to ve tridé doporuceni lla.??
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Tabulka 1 - Prehled varovnych znamek srdecnich amyloidoz (tzv. red flags), volné podle citace 6

Kardialni nalezy:

1. Klinické

Srdecni selhani se zachovanou ejekéni frakci
Srdecni selhani u méné vyznamné aortalni stendzy
Fibrilace sini

Atrioventrikularni blokady

Normotenze ¢i hypotenze u dfivéjsiho hypertonika

2. Elektrokardiografie
Normadlni ¢i snizena voltaz QRS — neodpovidd ztlusténi stén LK

Raménkové blokady, atrioventrikularni blokada, obraz
pseudojizvy.

3. Echokardiografie
Ztlusténi stén LK
Jiskfiva/zrnité echostruktura myokardu

Porucha longitudindlni kontrakce LK - snizeny globalni
longitudindlni strain levé komory (pfipadné MAPSE)

Porucha longitudindlni kontrakce
U LK - pfevaha postiZeni bazéalnich segmentd s usetfenim
hrotovych segmentu (tzv. apical sparing)

Znamky tézsi diastolické dysfunkce LK

5-5-5 znameni (nizké rychlosti na tkariovém doppleru mitralniho
prstence-s', ', @’ viny pod 5 cm/s)

Ztlusténi volné stény pravé komory

Ztlusténi septa sini — postihuje i oblast foramen ovale
Ztlusténi atrioventrikularnich chlopni

Perikardialni vypotek

4. Magneticka rezonance

Cirkuldrni subendokardialni nebo transmuralni pozdni syceni
myokardu

Prodlouzeni T1 relaxacnich casl
Zvyseni extracelularniho objemu nad 40 %
5. Laboratof

Vyrazné zvyseni BNP/NT-proBNP — neodpovida klinické tizi
srde¢niho selhani

Chronické lehké zvyseni srdecnich troponin(

Extrakardialni nalezy:

6. Typické pro TTR amyloid
Syndrom karpalnich tunel(
Ruptura slachy bicepsu

Polyneuropatie/progredujici senzomotoricka polyneuropatie
s vyznamnou autonomni slozkou — zejména u hereditarni formy

Zuzeni paterniho kandlu kréni a bederni patere
Opacity sklivce

Hypakuze

7. Typické pro AL amyloid

Makroglosie s indentacemi na okrajich jazyka
Snadna tvorba koznich hematomu

Poruchy stfevni pasaze, prijmy, malabsorpce, hubnuti

Proteinurie, nefroticky syndrom, selhani ledvin

BNP - natriureticky peptid typu B; LK - levd komora srdecni; MAPSE — mitral annular plane systolic excursion (systolicka exkurze roviny
mitrélniho anulu); NT-proBNP — N-termindlni fragment natriuretického propeptidu typu B.

Vyuziti dlouhodobych mechanickych srdecnich podpor
zUstava spise teoretickou a vzacné realizovanou moznosti
u velmi pfisné selektovanych nemocnych.?* Transplantace
srdce je u této skupiny nemocnych provadéna jen vyjimec-
né vzhledem k jejich celkovému klinickému profilu; vidy
je nutné vyloucit multisystémové postizeni a respektovat
béZné platna indikacni kritéria i kontraindikace.?

Indikace k vykonu na aortalni chlopni pro aortalni ste-
noézu, kterd byva u téchto nemocnych relativné ¢astd, neni
zasadné ovlivnéna soubéznou diagnézou ATTR-CM. Pre-

ferovanou moznosti je transkatétrova implantace aortalni
chlopné.?®

U fibrilace ¢i flutteru sini je vzdy indikovdna antikoagu-
la¢ni lé¢ba (bez ohledu na skére CHA,DS,-VA), s vyjimkou
situaci s vysokym rizikem krvaceni. V takovém pfipadé lze
zvazit uzavér ouska levé siné. Pred elektrickou kardioverzi
je vzdy nutné provést jicnovou echokardiografii, a to i pfi
predchozi adekvatni antikoagula¢ni [é¢bé nebo pri krat-
kém trvani fibrilace sini pod 48 hodin, vzhledem k vyso-
kému riziku intraatridlni trombézy. Je zndmo, Ze ani pfi
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Tabulka 2 - Doporuceni pro nespecifickou lé¢bu - farmakologicka lécba

Doporuceni Trida doporuéeni  Uroven dikazi

U pacientl se srde¢nim selhanim se znamkami a/nebo pfiznaky kongesce se doporucuji
klickova diuretika ke zmirnéni symptom srdecniho selhani, zlepseni fyzické zdatnosti
a snizeni poctu hospitalizaci.

Antagonisté mineralokortikoidnich receptorti se doporucuji pacientlim se srdecnim selhanim
se znamkami a/nebo pfiznaky kongesce, aby se zmirnily ptiznaky srde¢niho selhani, zlepsila
fyzickd zdatnost, snizil pocet hospitalizaci a potencialné se zlepsilo preziti.

Inhibitory SGLT2 by mély byt zvéZzeny u pacientu se srde¢nim selhanim ke snizeni kongesce
a potencialné ke snizeni hospitalizaci a mortality z dGvodu srdecniho selhani.

U pacientltl s ATTR-CM se sinusovym rytmem a srde¢nim selhanim s ejekéni frakci levé komory
<40 % lze zvazit beta-blokatory.

Beta-blokatory |ze zvazit u pacientl s ATTRwt-CM a srdecnim selhanim se sinusovym rytmem
za pritomnosti komorbidit, jako je ischemicka choroba srde¢ni a hypertenze.

Inhibitory angiotenzin konvertujiciho enzymu a blokatory receptorti pro angiotenzin |ze
zvazit u pacientd s ATTRwt-CM a srdec¢nim selhdnim za pfitomnosti komorbidit, jako je
ischemicka choroba srde¢ni a hypertenze.

Inhibitory angiotenzin konvertujiciho enzymu a blokatory receptort angiotenzinu se
nedoporucuji u pacientt s ATTRv-CM a srde¢nim selhanim.

Antikoagulace se doporucuje u pacientd s fibrilaci sini, bez ohledu na skére CHA,DS -VA, bez
vysokého rizika krvaceni, aby se zabranilo embolickym prihodam.

Antikoagulace se doporucuje u pacientu s predchozimi embolickymi pfihodami, bez vysokého
rizika krvaceni, aby se zabranilo dalsim embolickym ptihodam

U pacientli s ATTR-CM s klinickou indikaci pro peroralni antikoagulaci a bez kontraindikaci pro
pouziti pfimych peroralnich antikoagulancii se upfednostriuji pfed antagonisty vitaminu K

U pacientt s ATTR-CM a fibrilaci sini by mél byt zvazen amiodaron pro kontrolu rytmu. lla

U pacientt s ATTR-CM a fibrilaci sini by mély byt zvazeny beta-blokatory pro kontrolu srdec¢ni

lla
frekvence

Digoxin Ize zvaZit u pacientl s ATTR-CM a fibrilaci sini ke kontrole srde¢ni frekvence, pokud se
pouziva v nizkych davkach a za peclivého sledovani hladin digoxinu a funkce ledvin.

ATTR-CM - transthyretinova amyloiddza srdce; ATTRv-CM - variantni (hereditarni) transthyretinova amyloidova kardiomyopatie;
ATTRwt-CM — wild-type (ziskand) transthyretinovd amyloidéza srdce; SGLT2 - sodiko-glukdzovy kotransportér 2; TTR - transthyretin.

Tabulka 3 - Doporuceni pro nespecifickou Ié¢bu - nefarmakologicka lécba

Doporuceni Trida doporuéeni  Urover diikazi
CRT se doporucuje u symptomatickych pacientd s ATTR-CM a srdec¢nim selhdnim se snizenou C
ejekeni frakei v souladu se standardnimi pokyny, ke zlep$eni symptom0 a snizeni mortality.
Implantace kardiostimulatoru pro poruchu vedeni vzruch( se u pacientt s ATTR-CM doporucuje C
dle obecnych doporuceni.
U pacientl s ATTR-CM s ocekdvanou vysokou stimulacni zatézi Ize zvazit srdecni C
resynchronizacni [écbu.
U pacientt s hemodynamicky netolerovanou ventrikularni tachykardii by mél byt zvazen
. L . o lla C
implantabilni kardioverter-defibrilator.
U pacientt s ATTR-CM a fibrilaci sini Ize zvazit katetrizacni ablaci pro kontrolu rytmu. _ C
U pacientd s fibrilaci sini a kontraindikacemi pro dlouhodobou peroralni antikoagulaci Ize C
zvazit uzavér ouska levé siné.
Nahrada aortalni chlopné se doporucuje u pacientl s tézkou aortélni stendzou a soubéznou C
ATTR-CM podle standardnich doporuceni pro aortalni sten6zu
Transplantace srdce by méla byt zvaZzena u pacientt s pokrocilym srdecnim selhanim refrakter-

p ; et - o I p L lla (@
nim na medikamentdzni ¢i pfistrojovou terapii a ktefi nemaji absolutni kontraindikace.
Dlouhodoba MCS muze byt zvazena u pacientl s pokrocilym srdecnim selhdnim refrakternim na
optimalni medikamentdzni terapii jako most k transplantaci srdce nebo jako cilova terapie, ke C
zlep3eni symptomu a ke snizeni rizika hospitalizace pro srde¢ni selhdni a pred¢asného umrti.

ATTR-CM - transthyretinové amyloid6za srdce; ATTRv-CM - variantni (hereditarni) transthyretinové amyloidovéa kardiomyopatie;
ATTRwt-CM — wild-type (ziskand) transthyretinovd amyloidéza srdce; CRT - srdecni resynchronizacni 1é¢ba; MCS — mechanické podpora
obéhu.
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sinusovém rytmu neni u téchto nemocnych pfitomnost
trombu v levé sini vyjimecnd, coz souvisi s infiltraci sifiové
stény amyloidem a poruchou jeji systolické funkce. Z an-
tiarytmické 1écby je nejcastéji pouzivan amiodaron, v an-
tikoagulacni 1é¢bé jsou preferovana pfima peroralni an-
tikoagulancia.?”” Ke kontrole srdecni frekvence lze vedle
betablokatorl s opatrnosti pouzit i digoxin pfi monitora-
ci sérovych koncentraci.?® Katetriza¢ni |écba fibrilace sini
je zatizena vysokym rizikem recidiv a jeji indikace zUstava
diskutabilni.?®

Specificka lécha (tabulka 3)

V poslednich letech doslo k vyraznému rozmachu vyzku-
mu specifickych terapeutickych pfistupl ATTR (obr. 2).
V rutinni klinické praxi u ATTR-CM je v Ceské republice
zatim standardné dostupny stabilizator transthyretinu
tafamidis, a to v rezimu centrové |écby. Dalsi pripravky
by mély byt dostupné v nejblizsi dobé. Velky pocet pro-
bihajicich klinickych studii dava nadéji na dalsi rozsiteni
terapeutickych moznosti v nasledujicich letech.?®

B Tafamidis

Tafamidis je peroralni stabilizator transthyretinu, ktery se
selektivné vaze na vazebnda mista pro tyroxin, stabilizuje
tetramerovou strukturu transthyretinu, zpomaluje jeho
disociaci na monomery, a tim brani tvorbé amyloidnich
fibril. Byl hodnocen ve studii ATTR-ACT, ktera zahrnovala
441 pacient(l, z toho 106 s ATTRv a 335 s ATTRwt, kte-
ré porovnavala tafamidis s placebem po dobu 30 mési-
cl. Studie prokazala, ze lécba tafamidisem byla spojena
s vyznamnym snizenim celkové mortality a hospitalizaci
z kardiovaskularnich pric¢in. Tafamidis rovnéz zpomalil
pokles funkéni kapacity hodnocené Sestiminutovym tes-
tem chize a kvality Zivota hodnocené pomoci dotazniku

Kansas City Cardiomyopathy Questionnaire a byl spojen
s mensim vzestupem N-termindlniho fragmentu natriure-
tického propeptidu typu B (NT-proBNP).>!

Ve studii ATTR-ACT byl vétsi pfinos tafamidisu za-
znamenan u pacientl ve funkéni tfidé NYHA | a Il. Data
z dlouhodobé extenze studie dale ukazala, Zze pacienti
léceni tafamidisem od zacatku méli lepsi preziti nez pa-
cienti, ktefi byli inicidlné [éceni placebem a na tafamidis
presli az nasledné, coz podporuje vyznam vcéasného za-
hajeni 1écby.>? Tafamidis zpomaluje progresi onemocné-
ni, ale regrese jiz pfitomného myokardialniho postizeni
zUstava sporna.

Na zakladé uvedenych vysledkl byla v doporucenich
Evropské kardiologické spole¢nosti (ESC) pro Iécbu srdec-
niho selhani z roku 2021 stanovena pro tafamidis tfida
doporuceni | u nemocnych ve funkéni tfidé NYHA | a I1.33
Obdobna kritéria jsou aplikovana i v Ceské republice, kde
je navic uhrada omezena na nemocné s ATTRwt; pacienti
s ATTRv mohou byt léCeni po individualnim schvaleni.

B Acoramidis

Acoramidis je dal3i peroralni stabilizator transthyretinu,
ktery napodobuje protektivni efekt mutace T119M sta-
bilizujici strukturu TTR. Ve studii ATTRibute-CM, dvoji-
té zaslepené randomizované klinické studii faze 3, bylo
hodnoceno 632 pacientd s ATTR-CM po dobu 30 mésicd.
Primarni cil zahrnoval hierarchickou analyzu celkové mor-
tality, hospitalizaci z kardiovaskularnich pfFi¢in, zmény
koncentraci NT-proBNP a zmény vzdalenosti pfi Sestimi-
nutovém testu chlize oproti vychozimu stavu. Acoramidis
dosahl po 30 mésicich ve srovnani s placebem pfiznivéj-
sich vysledk( v primarnim sledovaném ukazateli i v jeho
jednotlivych slozkach.3 Lze oc¢ekavat, Ze v blizké budouc-
nosti bude dostupny i v Ceské republice.

Tabulka 4 - Doporuceni pro specifickou lécbu

Doporuceni

Tafamidis je doporucen u pacientt s ATTR-CM (ATTRv nebo ATTRwt) ve funk¢ni tfidé
NYHA | nebo Il ke snizeni symptom(, zlepseni funkéni kapacity a kvality Zivota, snizeni

kardiovaskularnich hospitalizaci a celkové mortality.

Tafamidis by mél byt zvazen u pacientd s ATTR-CM (ATTRv nebo ATTRwt) ve funkéni tridé NYHA
Il ke snizeni symptomd, snizeni poklesu funk¢ni kapacity a kvality Zivota a celkové mortality.

Acoramidis je doporucen u pacientl s ATTR-CM (ATTRv nebo ATTRwt) ve funk¢ni tiidé
NYHA | nebo Il ke snizeni symptomd, zlepseni funkcni kapacity a kvality Zivota a snizeni

hospitalizaci z kardiovaskularnich pticin a celkové mortality.

Acoramidis by mél byt zvazen u pacientt s ATTR-CM (ATTRv nebo ATTRwt) ve funkéni
tridé NYHA IIl ke snizeni symptomd, snizeni poklesu funkcni kapacity a kvality Zivota

a hospitalizaci z kardiovaskularnich pricin a celkové mortality.

Vutrisiran je doporucen u pacientt s ATTR-CM (ATTRv nebo ATTRwt) ve funkéni tridé NYHA
I nebo Il ke snizeni symptomd, snizeni poklesu funkéni kapacity a zlepseni kvality Zivota, ke sni-
Zeni kardiovaskularnich piihod a celkové mortality, nezavisle na soucasné léché tafamidisem.

Vutrisiran by mél byt zvazen u pacientd s ATTR-CM (ATTRv nebo ATTRwt) ve funk¢ni tiidé
NYHA IIl ke snizeni symptom(, snizeni poklesu funkéni kapacity a zlepseni kvality Zivota,
a ke snizeni kardiovaskuldrnich prihod a celkové mortality, nezdvisle na soucasné lécbé

tafamidisem.

Vutrisiran je indikovan u pacientt s ATTRv se smisenym fenotypem kardiomyopatie

a polyneuropatie ve stadiich 1a 2

Trida doporuceni Uroveri diikazt

ATTR-CM - transthyretinova amyloidéza srdce; ATTRv - variantni (hereditarni) transthyretinova amyloiddza; ATTRwt — wild-type (ziskana)

transthyretinové amyloidéza; NYHA — New York Heart Association
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B Patisiran

Patisiran je mald interferujici RNA vyZaduijici intravenézni
poddani kazdé tfi tydny. Vede k degradaci medidtorové
RNA a tim k potlaceni syntézy transthyretinu. Ve studii
APOLLO-B vykazoval ve srovnani s placebem statisticky
vyznamny pfinos v Sestiminutovém testu chuze, kvali-
té zivota hodnocené pomoci KCCQ a koncentracich NT-
-proBNP. Nebylo viak dosazeno sekundarniho kompozit-
niho cilového ukazatele zahrnujiciho celkovou mortalitu,
kardiovaskularni pfihody a vzdalenost v Sestiminutovém
testu chlze po 12 mésicich.3 Po zvaZzeni poméru ndkladu
a pfinosu nebyl tento pripravek schvélen pro lécbu ATTR-
-CM a navic byly vyvinuty novéjsi pripravky s priznivéjsim
profilem.

B Vutrisiran

Vutrisiran je dvouvlaknova mala interferujici RNA, ktera
specificky cili medidtorovou RNA pro transthyretin. V he-
patocytech indukuje jeji degradaci, a tim inhibuje produk-
ci TTR. Studie HELIOS-B byla multicentricka, dvojité za-
slepend, randomizovana, placebem kontrolovand studie
faze 3, do niz bylo zafazeno 655 pacientt s ATTR-CM ran-
domizovanych v poméru 1 : 1 k subkutannimu podavani
vutrisiranu v davce 25 mg nebo placeba kazdych 12 tydnu
po dobu az 36 mésicl. Priblizné 60 % pacientl neuziva-
lo na zacatku studie tafamidis, coz umoZznilo hodnoceni
i v populaci |é¢ené monoterapii. Lé¢ba vutrisiranem vedla
ke snizeni rizika umrti z jakékoli pfi¢iny a opakovanych
kardiovaskularnich prihod, definovanych jako hospitali-
zace z kardiovaskuldrnich pfi¢in nebo urgentni navstévy
pro srde¢ni selhdni, a to jak v celkové populaci, tak v po-
pulaci s monoterapii. Soucasné vutrisiran vyznamné snizil
celkovou mortalitu v delsim sledovani a zpomalil pokles
funkéni kapacity hodnocené Sestiminutovym testem cha-
ze i kvality zivota hodnocené pomoci KCCQ.3* Jedna se
proto o velmi nadéjnou Ié¢ebnou moznost, kterd by moh-
la byt v blizké dobé dostupna i v Ceské republice.

H Inotersen

Inotersen je antisense oligonukleotid druhé generace,
ktery se selektivné vdze na oblast 3'-UTR medidtorové
RNA TTR, coz vede k jeji degradaci a nasledné inhibici
produkce transthyretinu. V oblasti ATTR-CM byl hodno-
cen jen v malé studii s nejednoznacnymi vysledky. Zavaz-
nymi nezadoucimi u¢inky spojenymi s inotersenem byly
glomerulonefritida a trombocytopenie.?” Jeho praktické
vyuziti u nemocnych s ATTR-CM je proto v soucasnosti
omezené a byl nahrazen novéjSimi pfipravky s pfiznivéj-
$im bezpecnostnim profilem.

B Eplontersen

Eplontersen je antisense oligonukleotid se stejnou nuk-
leotidovou sekvenci jako inotersen, avsak vyuZzivajici
technologii konjugace s ligandem a triantenndrni sku-
pinu N-acetylgalaktosaminu, kterd zvysuje doruceni do
hepatocytd, a tim i U¢innost. To umoziiuje nizsi davkova-
ni a nizsi frekvenci podavani ve srovndni s inotersenem;
pfipravek se podava subkutdnné jednou za ctyfi tydny.
K dispozici jsou prvni data o jeho efektu u ATTR-CM.3®
Rozsahla, dvojité zaslepend randomizovana studie faze 3
CARDIO-TTRansform, kterd testuje eplontersen u vice nez
1 400 pacientt s ATTR-CM, stale probiha.

B Dalsi terapie na obzoru
Velmi atraktivnim terapeutickym konceptem je odstra-
néni amyloidu jiz deponovaného v organech pomoci
tzv. depletort. Jejich efekt je zalozen na protilatkami
indukovaném odstranéni amyloidnich hmot prostrednic-
tvim vlastniho imunitniho systému, zejména makrofa-
gové fagocytozy. Nékolik monoklonalnich protilatek je
v soucasnosti testovano ve studiich faze 1 az 3. N1006 byl
hodnocen ve studii faze 1, ktera zahrnovala 40 pacient
s ATTRwt nebo ATTRv a chronickym srde¢nim selhanim
randomizovanych v poméru 2 : 1 k NI006 nebo placebu.
Bylo pozorovano snizeni NT-proBNP, troponinu, vychy-
tavani radiofarmaka pfi srdecni scintigrafii a extracelu-
l[drniho objemu na magnetické rezonanci po 12 mési-
cich.»

Zabranit syntéze transthyretinu lze i genovou terapii.
V oteviené studii faze 1 zahrnujici pacienty s ATTRv s po-
lyneuropatii se ukazalo, ze NTLA-2001 vyuZivajici geno-
vou editaci CRISPR-Cas9 snizuje koncentraci TTR v séru po
28 dnech. Nasledné byl NTLA-2001 hodnocen i u pacien-
ta s ATTR-CM ve tfidé NYHA I-lll, kde bylo rovnéz pro-
kdzadno vyznamné snizeni koncentraci TTR v séru po 28
dnech.*® V soucasnosti je tento postup testovan ve studii
faze 3 MAGNITUDE a pfi potvrzeni ucinnosti i bezpecnos-
ti by se mohl v budoucnu stat dalsi vysoce inovativni 1é-
¢ebnou moznosti.

Role transplantace jater, pfipadné kombinované
transplantace jater a srdce u ATTRy, je v éfe modernich

Zaveéer

Lécba srdecni amyloiddézy se v poslednich letech zasadné
zmeénila diky dostupnosti cilenych a ¢asto vysoce naklad-
nych I1éciv, jejichZ indikace vyZzaduje presnou fenotypizaci,
spolehlivé odliseni jednotlivych forem onemocnéni a pec-
livé dlouhodobé monitorovani |écebné odpovédi.*' Proto
by diagnostika i terapie nemocnych se srde¢ni amyloidé-
zou méla byt soustfedéna do specializovanych center pro
kardiomyopatie, kterd disponuji odpovidajicim personal-
nim, laboratornim a pfistrojovym zazemim a maji ndvaz-
nost na genetiku, nukledrni medicinu, patologii, arytmo-
logii, intervenéni a kardiochirurgickou péci. Zcela zasadni
je rovnéz uzka spoluprace a organizacni ndvaznost téchto
center na hematoonkologickad a nefrologicka pracovisté,
kterd je nezbytna zejména pro diagnostiku a lécbu ne-
mocnych s AL amyloidézou, véetné zajisténi specifické
hematologické terapie a feseni organovych komplikaci,
predevsim renalniho postizeni.

Specializovand centra museji byt schopna zajistit
multimodalni zobrazovani vcetné echokardiografie,
magnetické rezonance srdce a kostni scintigrafie s DPD,
dostupnost genetického poradenstvi a testovani, inter-
pretaci endomyokardialnich biopsii a koordinaci kom-
plexni péce véetné jednani s platci péce o dostupnosti
centrové |écby. Centralizace péce je tak nezbytnou pod-
minkou nejen pro spravnou a v¢asnou diagndézu, ale
i pro bezpecné a efektivni podavani moderni specifické
lécby a pro zajisténi rovnocenného pristupu nemocnych
k inovativnim terapeutickym moZnostem v ramci Ceské
republiky.*
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SOUHRN

Aneurysma vzestupné aorty je potencialné letalni onemocnéni kvili riziku akutni disekce. VySetfeni pacient(
predstavuje komplexni proces zahrnujici pfesné zobrazeni aorty, zjisténi pricin véetné genetické konzul-
tace a zajisténi kaskadového rodinného screeningu. Na zakladé téchto vysetieni je mozné individualizovat
pédi, kdy preventivni kardiochirurgicky zdkrok predstavuje nejefektivnéjsi metodu prevence akutni disekce.
V ramci preventivnich zakrokd se v CR prosazuje implantace personalizované externi podpory aorty (PEARS),
ktera ale zatim neni ukotvena v mezindrodnich doporucenich s ohledem na dosud omezené zkusenosti
a data o prezivani pacientl. Tym kardiologU, kardiochirurgd a genetikl se rozhodl na zakladé svych dosa-
vadnich zkuSenosti a dostupné literatury formulovat doporuceni k vysetfeni aneurysmat vzestupné aorty
a k indikaci implantace PEARS vcetné perioperacni péce a postoperacniho sledovani. Dle dosavadnich
zkusenosti je PEARS v rukou zkusenych Iékar( Setrnou metodou s mnohymi vyhodami zejména pro mladé
nemocné.

© 2026, CKS.

ABSTRACT

Aneurysm of ascending aorta is a potentially lethal disease due to the risk of acute dissection. Medical
care for patients is a complex process including accurate imaging of aorta, identification of the aetiology
inclusive of genetic consultation, and family cascade screening. These may lead to individualized treatment,
where cardiac surgery represents the most effective prevention of aortic dissection. Surgical implantation
of personalized external aortic support (PEARS) is being promoted in the Czech Republic, but it is not yet
anchored in international recommendations due to the limited experience and data on patient survival.
A team of cardiologists, cardiac surgeons and geneticists decided to formulate recommendations for care
for patients with aneurysm of ascending aorta, indications for PEARS implantation, perioperative care, and
postoperative monitoring based on their previous experience and available literature. PEARS in the hands
of experienced specialists seems so far to be a considerate surgical procedure bringing many advantages
especially for younger patients.
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Uvod

Aneurysma vzestupné aorty, jeho diagnostika a lécba
vcetné kardiochirurgického reseni se fidi predeviim da-
nymi doporucenimi."? Ta dosud nezmiriuji nové moznosti
implantace externi podpory kofene aorty (PEARS), ktera
je v CR stale ¢asté&ji provadéna.3*

Cilem nasledujiciho textu je definice onemocnéni vze-
stupné aorty, doporuceni k jeho diagnostice a terapii se
zaméfenim na preventivni implantaci PEARS, upfesné-
ni indikac¢nich kritérii, pfipravy k operaci, a doporuceni
k peri- a poopera¢nimu sledovani pro ¢eské odborniky.

Aneurysma aorty

Dilatace aorty je definovana jako pramér aorty > 2 smé-
rodatné odchylky od predpokladaného primérného pru-
méru v zavislosti na véku, pohlavi a povrchu téla (Z-Score
> 2, Z-Score for Adults — Marfan Foundation). V klinické
praxi se stanovuje diagnéza dilatace korene/vzestupné
aorty u dospélych muzd, pokud je primér aorty > 40 mm,
a uzen >36 mm nebo s indexovanym primérem/povrchem
téla (BSA) (index velikosti aorty [ASI]) > 22 mm/m?).

Pro pediatrickou populaci jsou k posuzovani rozmér0
aorty zasadné s ohledem na rast pouzivdna Z-Score pro
déti (https://marfan.org/dx/zscore-children/).> Specificky
pfipad predstavuji pediatrické pacientky s Turnerovym
syndromem, kde se méreni a rozméry fidi dle Quezada et
al., 2015 (www.parameterz.com).®

Aneurysma cévy je definovano jako rozmér, ktery je
1,5% vétsi nez stanovend norma pro vék, pohlavi a vysku.!

Aneurysma hrudni aorty (thoracic aortic aneurysm,
TAA) se vyskytuje u 5-10/100 000 osob za rok a muze se
rozvinout v kterékoli jeji ¢asti, s pfevahou kofene a/nebo
vzestupné aorty (pfiblizné 60 %)."

Obavanou, potencialné smrtelnou komplikaci dilatace
aorty je disekce, kdy jeji riziko nardstd s rozmérem. Od
priméru 40 mm narusta riziko disekce 89x a nad 45 mm
dokonce vice nez 6300x.” Podle prospektivnich poznatkt
z tzv. GeneTac studie k vétsiné akutnich disekci dochazi
pfi rozmérech aorty pod soucasnym indikacnim kritériem
pro jeji preventivni ndhradu.®

Pri¢iny aneurysmatu aorty

Za nejcastéjsi pricinu TAA se v soucasnosti povazuje ne-
dostate¢né korigovana arterialni hypertenze nebo atero-
skleréza (obr. 1).!

Dédi¢né priciny se predpokladaji u pfiblizné 20 %
vsech TAA. Ty predstavuji heterogenni skupinu onemoc-
néni spojenych s onemocnénim pojivové tkané, metabo-
lismem tkanového rlstového faktoru beta nebo stavbou
hladké svaloviny tepenné stény. Mezi dédi¢né TAA patfi
Marfantv syndrom, Loeystv-Dietzlv syndrom, Ehlersiv—-
Danlostv syndrom ¢i tzv. nesyndromdalni onemocnéni sté-
ny aorty ve smyslu familidarniho aneurysmatu a disekce
aorty (fTAAD) a jiné (obr. 1)."°

Bikuspidalni aortalni chlopen a s ni

asociovana valvuloaortopatie

Bikuspidalni aortalni chloper (BAV) predstavuje nejcasté;si
vrozenou srde¢ni vadu (0,5-2 % Zivé narozenych déti) a je
rizikovym faktorem pro dysfunkci aortalni chlopné a aneu-
rysma vzestupné aorty charakterizované morfologickou
heterogenitou (bikuspidalni valvuloaortopatie — ascen-
dentni, kofenova a extenzivni).' Dédi¢nost BAV je vysoka,
s autosomalné dominantnim (AD) prenosem. Molekular-
négenetické vysetfeni ale i u jasné familiarnich pripadt
vysvétli < 5 % vsech pripadl a plosné se nedoporucuje.’®
Je vhodné ho zvazit pouze v pfipadé jasné syndromalniho
onemocnéni nebo u kofenové valvuloaortopatie.™®

[ Priciny aneurysmatu hrudni aorty J

—

arterialni
hypertenze dédi¢né
RF aterosklerézy faktory
Komponenty Komponenty Kompon_enty
ECM drahy TGFB kontraktilniho

FBN1, COL3AT

hladkosvalového

TGFBR1, SMAD3 aparatu

ACTAZ2, MYH11

Obr. 1 - Pri¢iny aneurysmatu vzestupné aorty. ECM — extracelularni matrix; TGFB — transformujici ristovy faktor beta.
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<60 let

@@

Z-Score aortalniho kotene /
vzestupné aorty >3 |

Disekce aorty

| Dilatace aorty |

nebo disekce aorty

I

| Arterialni hypertenze |

@ ©

Jakykoli dalsi rizikovy
faktor
(viz ramecek nize)

®

Neni indikovano Syndromové pfiznaky:
dalsi vySetreni

pro HTAD Marfan(v syndrom

LoeysGv-Dietzdv syndrom

Vaskularni Ehlersiiv-Danlostv syndrom

Dalsi rizikové faktory

|

| Arterialni hypertenze |

@ @

Z-Score aortalniho kofene

/D / vzestupné aorty > 3 nebo

&/ jakykoli dalii rizikovy faktor
(viz ramecek nize)

Rodinna anamnéza (aspon jeden): Neni indikovano
dalsi vySetreni

Onemocnéni hrudni aorty pro HTAD

Aneurysma periferni / tepen zasobujicich mozek

Nevysvétlena nahla smrt u osob < 60 let

Obr. 2 - Kdy pomyslet na dédi¢nou formu onemocnéni dle soucasnych doporuceni ESC? HTAD - dédi¢na onemocnéni hrudni aorty.

Komplexni vysetieni pacientt

s aneurysmatem aorty a jejich
prvostupnovych pfibuznych

Komplexni vysetieni pacientd s nové stanovenym aneurysma-
tem aorty zahrnuje podrobnou osobni a rodinnou anamnézu
zamérenou na zjisténi nahlého umrti < 60 let v rodiné ¢i jiné

Tabulka 1 - Zjednodusena Ghentska kritéria pro osetrujici kardiology
Udaje

Rodinna anamnéza

Poznamky a vysvétleni

e Marfan(v syndrom nebo jiny
u prvostupnového nebo druhostupriového
pfibuzného

e Nahlé umrti u biologického ptibuzného
<60 let

¢ Akutni disekce aorty u pfibuzného < 60 let

e Aneurysma aorty a/nebo chlopenni vada
u pribuzného

e St.p. kardiochirurgickém zakroku na
chlopni nebo aorté u pfibuzného

Osobni anamnéza e Operace Cocky (ectopia lentis)
e Kratkozrakost > 3 D v kombinaci
s astigmatismem
e Odchlipovani sitnice
* Spontanni pneumotorax
e Operace tfiselné kyly oboustranné

Fyzikalni vysetieni e Skoliéza

(pfi auskultaci/
echokardiografickém
vysetieni)

e Pectus carinatum/excavatum

e Strie (Siroké, cervené)

* Gotické patro

* Rozpéti rukou orientacné vetsi nez vyska,
horni segment téla nesoumérné zkracen
oproti doInimu*

¢ Jemné dlouhé prsty (arachnodaktylie)

* \/ysoka postava sama o sobé nepatfi mezi diagnosticka kritéria

Marfanova syndromu.

rodinné pfislusniky s chlopenni vadou ¢i kardiochirurgickym
zakrokem (tabulka 1). Osobni anamnéza by se kromé dia-
gnostiky arteridlni hypertenze a hypercholesterolemie méla
zaméfit i na mozna jina asociovana organova postizeni typu
ortopedicky vyznamné skolidzy, kloubni hypermobility, de-
formity hrudniku (pectus excavatum, pectus carinatum), vy-
skytu ocnich vad (ectopia lentis, myopie a astigmatismus > 4
D, odchlipeni sitnice), spontanniho pneumotoraxu, poruch
zazivani a déle dle Ghentskych kritérii (https:/marfan.org/).>-
" Vyplati se doplnit sonografii bficha ke zjisténi pritomnosti
cyst na parenchymatoéznich orgdnech (obr. 2, tabulky 1, 2).

Zobrazeni aorty

Pro posouzeni velikosti a tvaru aorty je vhodné pouzit
vzdy kombinaci vice metod a méfit aortu v celém jejim
rozsahu.'

B Echokardiografie

Echokardiografie je metodou prvni volby, zdsadni je mé-
fit leading edge to leading edge v end-diastole v dlou-
hé i kratké parasternalni ose (obr. 3A) a aortalni anulus
v end-systole v dlouhé parasternalni ose (obr. 3A).

B Vypocetni tomografie

Pouziti vypocetni tomografie (CT) je vhodné predevsim
v ramci diagnostiky, sledovani a planovani intervence,
véetné PEARS. Soucasné CT predstavuje nejlepsi diagnos-
tickou metodu pfi podezieni na disekci aorty. Zobrazit
je vhodné aortu v celém jejim prabéhu véetné odstupt
a prubéhu koronarnich tepen.

B Magneticka rezonance

Pomoci magnetické rezonance (MR) je mozné znazornit
celou aortu i plicnici, metoda umoznuje funkéni i tkarno-
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Tabulka 2 - Vysetreni pacienttl s aneurysmatem aorty

Vysetreni Zaméreni Metody/Poznamky
Zobrazovaci metody Aorta v celém jejim prabéhu (tzn. od karotid Vzdy kombinace:
po ilické tepny) TTE a CTA
Urceni délky vzestupné aorty TTE a MR
Intrakraniélni tepny* Event. CT - 3mensio
Jatra a ledviny (pfitomny cysty) Sonografie bficha
Biochemie Cholesterol, LDL-C, Lp(a) Cilové hodnoty LDL-C dle platnych doporuceni
pro lécbu HLP
Genetickd konzultace Z-Score > 3
Pozitivni RA a/nebo OA (viz tabulku 1)
Kaskadovy rodinny screening Nabidnout vzdy vysetreni prvostupriovych UzZ jen zachyt nekorigované arteridlni hypertenze
pfibuznych mUze byt potencialné zivot zachranujici

CTA - CT angiografie; HLP — hyperlipoproteinemie; LDL-C - cholesterol v lipoproteinech o nizké hustoté; Lp(a) - lipoprotein (a); MR — magneticka
rezonance; OA - osobni anamnéza; RA - rodinna anamnéza; TTE - transtorakalni echokardiografie.
* \/ pfipadé pozitivni rodinné anamnézy nebo dle doporuceni u konkrétniho dédi¢ného onemocnéni.

Obr. 3A - Echokardiografie

(A) dlouha parasternalni projekce (kofen aorty), (B) modifikovana dlouha parasternalni projekce (ascendentni aorta), (C) kratka parasternal-
ni projekce (kofen aorty), (D) suprasternélni projekce (aortélni oblouk), (E) apikalni projekce modifikovana (torakoabdominalni aorta), (F)
subxifoidalni projekce (abdominalni aorta). ZIluté Sipky zobrazuji spravné méfeni leading edge to leading edge v end-diastole.
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Obr. 3B - Multimodalitni zobrazeni aorty v CT a MR.

(A, B, C) Vypocetni tomografie, multiplanarni rekonstrukce, (D) vypocetni tomografie, zobrazeni véncitych te-
pen. Kofen aorty stejného pacienta v kratké ose: (E) echokardiografie, (F) magneticka rezonance, (G) vypocetni
tomografie.

Zluté Sipky zobrazuji spravné méfeni vnitfniho rozméru aorty v end-diastole.

AVgi@ 451 mm

__A".'g 0 36,0 mm

46,07 49,7 mm

?'53,0 mm

Obr. 3C - Znazornéni délky od odstupu kofene k odstupu TBC. TBC - truncus brachioce-
phalicus.

vou charakteristiku. Pro zobrazeni aorty vétSinou neni
indikovdno podani kontrastni latky a nativni vysetfeni
hrudni aorty probiha s EKG navigaci. Vysetfeni Ize bez-
pecné provést i v téhotenstvi.
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B Jak aortu spravné méfit v CT a MR

Zasadni je méfit vnitini prdmér v end-diastole a vnéjsi-
vnéjsi pramér v pripadé ztlusténi aortdIni stény (intra-
muralni hematom apod.), VZDY jediné v multiplanarni
rekonstrukci (obr. 3B). Sinus-sinus priimér méfime vzdy.
Maximalni rozmér je klicovy, vzdy v multiplanarni rekon-
strukci. Délka ascendentni aorty (aortalni chlopen - od-
stup a. anonyma) ¢i rychlost jejiho rdstu by mohla pomo-
ci identifikovat pacienty v riziku akutni aortdIni pfihody
(obr. 3B a 3C)."1®

Genetické vysetreni aneurysmatu aorty

Genetické vysetfeni zahrnuje klinickogenetickou kon-
zultaci, provedeni molekuldrnégenetického vysetfeni
a zhodnoceni jeho vysledku s ohledem na individualizaci
péce o pacienta a jeho pfibuzné.

B Indikace ke genetickému vysetieni

Na genetické vysetfeni a dédi¢nou formu onemocnéni
aorty je vhodné pomyslet u pacientll vzdy v pfipadé akut-
ni disekce velké cévy (aorta, koronarni cévy, intrakrani-
alni cévy a/nebo karotidy apod.) Nové stanovi evropska
doporuceni i hranici rozmérd aneurysmatu aorty dle
Z-Score (https://marfan.org/dx/z-score-adults/), kdy skoére
> 3 u pacienta < 60 let implikuje potencidlné dédi¢né one-
mocnéni (tabulka 2, obr. 2)."°

B Nahla srdecni smrt

Sirsi soucasti genetické péce je posmrtné molekularnége-
netické vysetreni v pfipadé fatalni disekce velkych tepen.
Pitvajici Iékar by mél zachovat tkan vhodnou po pozdéjsi
molekularnégenetické vysetfeni a informovat pfibuzné
i regionalni mezioborové centrum (www.nahleumrti.cz,
www.kardiogenetika.cz).#'®

B Molekuldrnégenetické vysetieni

Molekularnégenetické vysetfeni pacientt s podezienim na
dédi¢nou formu aortalniho syndromu v souc¢asné dobé ob-
jasni < 20 % vsech pfipadd. Jeho indikace a vyhodnocovani
vystupU a individualizace péce u genotyp-pozitivnich jedin-
c by mély byt ponechany v kompetenci expertnich center.'®

Kaskadovy rodinny screening

U aneurysmatu aorty a/nebo bikuspidalni aortalni chlop-
né je zcela zdsadni screening u prvostupriovych pfibuz-
nych. Screeningova vysetfeni se museji provadét v ¢aso-
vych intervalech priblizné 5-10 let do 60. roku zivota.
S vySetfenim je tfeba zacit nejpozdéji ve véku pfiblizné
o 10 let dfive, nez probéhla disekce u pribuzného (napf.
disekce probéhla v 50 letech u otce, syn by mél byt nej-
pozdéji od 40. roku zivota sledovan v ramci primarni pre-
vence akutni disekce).”'”

Terapie aneurysmatu aorty

Konzervativni

Nedilnou soudasti preventivnich opatfeni je kontrola hy-
pertenze s cilem dosdhnout hodnot < 130/80 mm Hg, kdy
preferovanymi antihypertenzivy u dospélych jsou beta-

Tabulka 3 - Konzervativni terapie a doporuceni

k upravé zivotniho stylu

Konzervativni lécba Upresnéni

Betablokatory (celiprolol u VEDS)
ARB (irbesartan, losartan)

Krevni tlak
< 130/80 mm Hg*

LDL-C < 2,8 mmol/I

Uprava zivotniho stylu

Statiny event. dle oSetfujiciho lipidologa

Vyhnout se prudkym narazdm do hrudi
Nezvedat bfemena nad cca 25 kg
(nezvysovat nadmiru nitrohrudni tlak)

Vyhnout se Iékim Blokatory Ca? (amlodipin)
Triptany (sumatriptan)
Nazalni dekongestiva (Olynth)

Ciprofloxacin a chinolonova antibiotika

Informovat své blizké

Upozornit Iékare rychlé zachranné sluzby
na nebezpedi akutni disekce

Vypracovat si osobni ,nouzovy plan”

Znat priznaky akutni
disekce

ARB - blokatory receptoru AT, pro angiotenzin II; VEDS - vaskularni
Ehlerstiv-Danlostiv syndrom

* Krevni tlak pokud moZno nastavit na co nejnizsi tolerovanou
hodnotu (110/70 mm Hg).

blokatory a blokatory receptoru AT, pro angiotenzin I
(ARB) (data jsou k dispozici k prfipravklim losartan a ir-
besartan)."®20 Ke korekci arteridlni hypertenze se na za-
kladé experimentalnich dat nedoporucuje uzivat bloka-
tory vapnikovych kandld typu amlodipin.? Hyperlipidemii
je vhodné korigovat, cilové hodnoty cholesterolu v lipo-
proteinech o nizké hustoté (LDL cholesterolu) upravit dle
obecného kardiovaskularniho rizika pacienta, minimal-
né dle mirného rizika (< 2,6 mmol/l). Nedilnou soucasti
je uprava zivotniho stylu ve smyslu vylouceni izometric-
ké zatéze."? Cetnost kontrol i modalita zobrazovacich
metod se stanovuje dle rozmérl aorty ¢i asociovanych
chlopennich vad.” Déle se pacientdim nedoporucuje uzivat
triptany a je vhodné se vyhnout nazalnim dekonges¢nim
sprejum (https://vascern.eu) (tabulka 3).

Preventivni kardiochirurgicky zakrok

Indikace k preventivnimu kardiochirurgickému zdkroku
se fidi absolutni velikosti aorty, rychlosti jejiho rlstu za
rok, délkou ascendentni aorty definovanou jako vzda-
lenost mezi aortdlnim anulem a pocatkem truncus bra-
chiocephalicus, pfitomnosti koarktace aorty, Spatné kon-
trolovatelné arterialni hypertenze, nutnosti soucasného
zdkroku na chlopni, planovanim téhotenstvi, event. do-
poruceni nabadaji k opatrnosti u osob mensich 1,69 m
¢i mladsich 50 let ve smyslu dlsledné korekce krevniho
tlaku a event. snizeni prahu absolutnich rozmérd pfi roz-
hodovani ohledné provedeni chirurgického zakroku (ta-
bulka 4)."?

Pokud byla stanovena diagndza jedné z forem dédic-
ného onemocnéni aorty, plati individualizovana doporu-
Ceni pro jednotlivé genotypy ¢i chromosomalni vady.'

Indikace k preventivnimu zakroku u déti se v principu
shoduji s indika¢nimi kritérii u dospélych, ale rlist rozmé-
rd aorty je nutné hodnotit dle progrese Z-Score (https://
marfan.org/dx/zscore-children/).

Soucasné doporucené metody preventivni kardiochi-
rurgické [écby vzestupné aorty zahrnuji pfedevsim jeji na-
hradu dacronovou protézou nebo aortalnim konduitem.
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Tabulka 4 - Indikace k preventivnimu vykonu

aneurysmatu aorty véetné PEARS

Parametr Poznamky

Prdmér 55 mm

52 mm u BAV a pozitivni RA

50 mm v expertnim centru, bez vysokych
perioperacnich rizik

Peclivé zhodnoceni
vystupu genetiky
nejlépe v expertnim
centru

Prdmér 40-50 mm dle genotypu u jisté
stanovené dédi¢né formy aortopatie

23 mm/m? TurnerGv syndrom pfi soucasné
koarktaci aorty, BAV, hypertenzi ¢i elongaci
aortélniho oblouku u dospélych

Prdmér 50 mm pti Spatné korigované
arteridlni hypertenzi

Rast aorty > 5 mm/rok
Rust aorty > 3 mm dva roky po sobé

Opatrné u osob s mensim
vzristem (< 1,69 m)

Snizeni prahu
absolutnich
rozmérd, disledna
korekce krevniho

tlaku

Délka aorty ascendens > 11 mm Ad obr. 3C

Planovana gravidita

PEARS: individualni rozhodnuti 40-55 mm
Respektujeme:
rodinnou
anamnézu,

rozmér aorty pfi
akutni disekci
u pfibuzného

BAV - bikuspidalni aortalni chlopen; PEARS - personalizovana externi
podpora kofene aorty.

Alternativou jsou vykony se zachovanim aortalni chlopné,
zejména operace dle Davida a Yacouba. Tyto konven¢ni
postupy jsou spojeny s rizikem vzniku pseudoaneurysmat
v misté anastomdzy mezi cévni ndhradou a nativni aortal-
ni tkdni, a to az u 5 % operovanych pacientd.’

Externi podpora kofene aorty (PEARS)

Implantace externi podpory kofene aorty (personalized
external aortic root support, PEARS) predstavuje inova-
tivni kardiochirurgickou metodu, kterd muaze u vybranych
pacientUd s dilataci aorty (40-55 mm) predstavovat alter-
nativu ke konvencnim chirurgickym postuptim.34

PEARS je specidlni polymerova sitka, kterd je vyrobe-
na z polyetylentereftaldtu, mékké, poddajné a biokom-
patibilni textilie. Sitka je vyrobena kazdému pacientovi
na miru dle trojrozmérného modelu (3D) aorty ziskaného
podle angio CT pfrislusné postizené oblasti (obr. 4). Vope-
rovana sitka kolem aorty se inkorporuje do stény tepny,
zastavi progresi jejich rozmér0 dilatace, a predejde tak
potencialné Zivot ohroZzujici disekci. V ramci této operace
nedochdzi k nutnosti Siti a spojovani oblasti aorty, tedy
nehrozi obdvané pseudoaneurysma. Implantace PEARS
neni davodem k podavani antikoagulancii, nepredstavu-
je riziko pro téhotenstvi, nebrani pripadnému budoucimu
kardiochirurgickému vykonu. PEARS neni elektricky vodi-

Tabulka 5 - Vyhody PEARS
Vycet v soucasnosti znamych vyhod implantace PEARS
Vyroba na miru

Operace preferencné bez mimotélniho obéhu
(ne pri kombinaci s jinym kardiochirurgickym zakrokem)

Neni tieba antikoagulace

Neni KI pro vySetieni CT ¢i MR v oblasti hrudniku
Neomezuje moznost téhotenstvi

Nejsou rizika endokarditidy/endoplastitidy

Nebrani naslednému kardiochirurgickému zakroku

CT - vypocetni tomografie; KI - kontraindikce, MR — magneticka
rezonance; PEARS - personalizovana externi podpora kofene aorty.

Tabulka 6 — PEARS nedoporucujeme

Nalez Poznamka

Dilatace kofene/aorty ascendens
> 55 mm

Aortalni regurgitace
nad 2/4 u trikuspidalni chlopné

Aortdlni regurgitace
nad 1/4 u bikuspidalni chlopné

Obzvlasté asymetricky jet

Kalcifikace chlopné s malo
vyznamnou stenézou

IndividualIni pfistup (pacient
musi byt informovaén o riziku
progrese vady)

Vyznamné kalcifikace ve sténé aorty

Pro riziko srlistd a nemozné
obaleni korene aorty se PEARS
nehodi jako druhy zakrok

Predchozi zékrok na aortalni
chlopni

PEARS - personalizovana externi podpora kofene aorty.

vd ani magnetickd a je kompatibilni s CT, MR télesnymi
skenery a bezpecnostnimi skenery na letistich. PEARS vy-
drzi po cely Zivot pacienta (tabulka 5).3

PEARS a Ceska republika

Prvni implantaci v Ceské republice proved! prof. J. Pirk
v IKEM v roce 2015. Postupné se do tohoto projektu zapo-
jilo viech 14 kardiochirurgickych center v Ceské republice,
a to v€etné Détského kardiocentra FN Motol. Od roku 2017
byl zdravotnickému prostfedku PEARS ptidélen kéd VZP
v Uhradovém katalogu. Zkusenosti z prvnich 100 implanto-
vanych pacientt byly dokumentovany v roce 2022 v Cor et
Vasa.? Ze zacatku byl pozorovan castéji postkardiotomicky
syndrom, ktery vyZadoval antiinflamatorni 1é¢bu.?® Tento
problém se ale zdd byt vyfeSen Upravou postoperacni me-
dikamentoézni |écby pomoci nesteroidniho antirevmatika
(ibuprofen), ale zkusenosti museji byt nové analyzovany.

Pro které pacienty je PEARS vhodny

PEARS je vhodna pfi rozmérech aorty 40-55 mm (max. 60
mm). Pro implantaci PEARS respektujeme v doporucenich
obecné navrzend kritéria pro preventivni zdkrok v pfipa-
dé aneurysmatu aorty (tabulka 4)."2 Pfi indikovani v rémci
kardiotymu zastdvame individualni pfistup, nebot vyché-
zime z individudlnich zkusenosti a omezenych literarnich
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Obr. 4 - PEARS a jeho riizné tvary dle CT modelu.

Tabulka 7 - Predoperacni piiprava

Predoperacni vysetreni Poznamka

CT korene aorty Vyroba 3D modelu a PEARS

Znazornéni koronarnich  Soucast CT

tepen U starsich 40 let nebo s jinymi rizikovymi
faktory SKG

Kvantifikace
chlopennich vad

Preferencné TEE k presnému znazornéni
aortalni chlopné a jeji funkce, event.
moznych asociovanych vad na mitralni
chlopni ¢i moznych defektl septa sini
vcetné PFO

Preferenc¢né CT karotid
a intrakranialnich tepen/MR angio

Mozek zasobujici tepny

Plicni vysetreni Plicni funkce a rtg plic

ORL+ stér nos, krk,
moc¢ na kultivaci
Stomatologie v¢. OPG
Gynekologie

Vylouceni infekénich
fokust

CT - vypocetni tomografie; MR - magneticka rezonance; OPG - ortopan-
tomogram (panoramaticky rentgen horni a dolni ¢elisti); ORL - otorino-
laryngologie; PEARS - personalizovana externi podpora kofene aorty;
PFO - perzistujici foramen ovale; rtg — rentgen; SKG - selektivni koro-
narografie.

udaju opirajicich se také o zkusenosti jednotlivych pra-
covist nebo retrospektivni multicentrické studie (tabulka
4).222> Aktualné neexistuje vékova hranice pro indikace
PEARS, nicméné tato metoda je preferovana u pacientt
< 50 let, u starsich je tfeba pfihlédnout k existujicim ko-
morbiditam.

Kontraindikace implantace PEARS nejsou striktné
dané. Dle klinickych zkusenosti se doporucuje vyhnout
implantaci PEARS v pfipadech aneurysmatu kofene/vze-
stupné aorty > 55 mm, aortdlni regurgitace vice nez 2/4 ¢i
kalcifikace chlopné s malo vyznamnou stendzou a kalcifi-
kaci ve sténé aorty (tabulka 6).

Predoperacni priprava

Pfiprava pacientd na PEARS odpovida standardnimu po-
stupu u pacientt pred jinym kardiochirurgickym zakro-
kem. Specificky je tfeba ziskat 3D zobrazeni kofene aorty
pro vyrobu protézy (obr. 4), vysetieni koronarnich tepen,

karotid a mozkovych cév a vylouceni infek¢nich fokust
(tabulka 7).

Strucny popis a doporuceni

k operacni metodé PEARS

Vykon je zaloZzen na presném anatomickém prizpUlso-
beni implantatu a vyZaduje precizni preparaci v oblasti
aortalniho korene.>* Standardnim opera¢nim pristupem
je stfedni sternotomie. Po otevieni perikardu je aorta
kompletné obnazena od aortadlniho kofene az k odstu-
pu brachiocefalického kmene. Rizend hypotenze muze
vyznamné usnadnit preparaci aorty, zejména v oblasti
komisur aortalni chlopné a pod koronarnimi tepnami,
které predstavuji nejrizikovéjsi misto vykonu. Implantace
externi aortalni podpory je obvykle provddéna bez pou-
ziti mimotélniho obéhu, nicméné i pti planovaném off-
-pump vykonu musi byt mimotélni obéh technicky ptipra-
ven k okamzitému pouziti. MimotéIni obéh je indikovan
v pfipadé obtizné expozice aortdlniho kofene, vyrazné
dilatace, fragilni aortdlni stény nebo hemodynamické ne-
stability béhem preparace a u anomalni anatomie koro-
narnich tepen.

Nejzavaznéjsi peroperacni komplikaci je poranéni ko-
rondrni tepny, které nejcastéji vznikd béhem hluboké pre-
parace nebo pfi usazovani protézy pod koronarni tepny.
Dalsi komplikace zahrnuji krvaceni z periaortélnich struk-
tur, hemodynamickou nestabilitu pfi manipulaci s aortal-
nim kofenem a technické problémy spojené s nespravnym
usazenim implantatu nebo kompresi koronarnich ostii.

Kombinace PEARS

s dalsimi kardiochirurgickymi vykony

Nejcastéji je PEARS kombinovana s vykony na mitralni
chlopni, s koronarni revaskularizaci nebo s korekci vroze-
nych srdec¢nich vad, jako je napf. defekt septa sini. V téch-
to pfipadech je vyuzivan mimotélni obéh. Specifickou
situaci je kombinace PEARS s Rossovou operaci pro pod-
poru plicniho autograftu v systémové pozici, kdy externi
podpora slouZi ke zpevnéni autograftu a ke snizeni rizika
jeho pozdéjsi dilatace.?®

Dlouhodobé sledovani po PEARS

Dosud neexistuji mezinarodné standardizovand dopo-
ru¢eni pro dlouhodobé sledovani pacientd po vykonu
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Sledovani v centru po PEARS - pacienti s priikazem genetické aortopatie
e Pokracuje dlouhodobé sledovani v expertnim centru s pravidelnym vysetfenim TTE
* MRA celé aorty (i MR tepen mozku) a 3 roky (pfipadné dle rizikovosti individualné)

e Komplexni multidisciplinarni pfistup

Obr. 5 - Pooperacni sledovani. MRA — MR angiografie celé aorty; PEARS - personalizovana externi podpora kofene aorty; TTE - transtora-

kalni echokardiografie.

PEARS. Vétsina pracovist proto vychdzi z obecnych prin-
cipt sledovani nemocnych po ndhradé aorty ascendens.
Obecné lze doporucit dlouhodobé sledovani kardiolo-
gem, pravidelna echokardiograficka vysetieni (a jeden
rok) a zobrazeni celé aorty, preferen¢né pomoci MR an-
giografie. V dosavadni praxi byla MR vysetfeni aorty po
vykonu PEARS indikovana v relativné kratkych intervalech
dvou let. Na zakladé nasich zkusenosti se viak domnivé-
me, Ze u pacientl bez geneticky podminéné aortopatie
a pri absenci zndmek progrese velikosti aneurysmatu
a pfiznivém pooperacnim nalezu je racionalni provedeni
MR angiografie pfiblizné v odstupu 15 mésicl a nasledné
pét let od vykonu (obr. 5).

U pacientd s geneticky podminénym onemocnénim
aorty se rezim sledovani fidi doporucenimi specifickymi
pro jednotlivé diagnézy. Tito nemocni by méli byt dlou-
hodobé sledovani v expertnim centru, pficemz klicovy je
komplexni multidisciplinarni pfistup. Napriklad u pacien-
t0 s Marfanovym syndromem je dle doporucenych postu-
pU Evropské kardiologické spolecnosti (ESC) indikovano
provadéni MR angiografie celé aorty alesponi v tfiletych
intervalech, pfipadné Castéji v zavislosti na individualnim
rizikovém profilu; soucasné je doporuceno vysetieni peri-
fernich tepen a intrakranidlnich tepen.’

Pokud nebyla provedena genetickd konzultace a kas-
kddovy rodinny screening, je vhodné jej v pooperacnim
obdobi u nemocnych zvazit.

V dlouhodobém horizontu je nutné pocitat s moznosti
progrese dilatace aorty distalné od oblasti externi podpo-
ry, coz souvisi s pfirozenym pribéhem zakladniho one-
mocnéni, a nikoli s technickou chybou implantace.

Dle dosavadnich ceskych dat nedoslo k akutni disek-
ci aorty v oSetfené oblasti, pozice implantované sitky se
neméni.?

Expertni centra a jejich koncepce

Dle soucasnych doporuceni i narodniho kardiovaskularni-
ho planu by méla vznikat expertni centra, kterd predpo-

kladaji mezioborovou spolupréci kardiologl, kardiochi-
rurgl, angiologt, radiologt, genetikd, véetné soudnich
[ékard. Mimo jiné je Ukolem centra edukacni ¢innost pro
odborniky i laickou vefejnost, soucasné se predpoklada je-
jich zapojeni do mezinarodnich siti pro tato onemocnéni.
V expertnim centru by méla byt kapacita pro kaskadovy
rodinny screening, a tedy identifikaci pfibuznych v riziku
a jejich dlouhodobé sledovani (https://mzd.gov.cz/narod-
ni-kardiovaskularni-plan-cr-na-obdobi-2025-2035/)."°

Narodni registr

Za ucelem standardizace metody, vcetné indikace vhod-
nych kandidatli, operacniho postupu a pooperacniho
sledovani navrhujeme vytvoreni narodniho registru takto
operovanych pacientl a vytvoreni mezioborové pracov-
ni skupiny v rdmci Ceské kardiologické spole¢nosti (CKS),
Ceské angiologické spole¢nosti (CAS) a Ceské spole¢nosti
kardiovaskularni chirurgie (CSKVCH).

Soucasné by tento registr mél umoznit publikovat zku-
Senosti Ceskych center, které v mezindrodnim méritku do-
sud predstavuji zcela jedine¢né poznatky. Toto by mohlo
prispét k uvedeni PEARS do doporucenych postupl pro
primdrnépreventivni feSeni aneurysmatu kofene a vze-
stupné aorty zejména u pacientl s dédicnym onemocné-
nim jako primarni prevence nahlé smrti v dusledku akutni
disekce.

Zavér

Aneurysma aorty predstavuje Zivot ohroZujici onemocné-
ni a vyzaduje komplexni péci o pacienta a jeho biologické
pfibuzné. Implantace externi aortalni podpory ExoVasc
(PEARS) je individualizovana preventivni chirurgicka me-
toda ke stabilizaci aortdlniho kofene a vzestupné aorty.
Relativni Setrnost opera¢niho zakroku tuto metodu stavi
na prvni misto vhodnosti pro pacienty s izolovanym aneu-
rysmatem korene/vzestupné aorty v rozmezi 40-55 mm
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a hemodynamicky malo vyznamnou vadou na aortdlni
chlopni. PEARS je mozné provést bez pouziti mimotélniho
obéhu, ale i v kombinaci s jinymi vykony. PEARS jesté ne-
dosahla takové evidence, aby byla soucasti obecné uzna-
vanych doporuceni vydavanych ESC/ American College of
Cardiology (ACC) / American Heart Association (AHA). Pro
jeji jednoznaéné vyhody vnimame ale v CR tuto metodu
jako soucast komplexni |écby pacientl s aortopatii. PEARS
by méla by byt provddéna v expertnich centrech s moz-
nosti intenzivni mezioborové spoluprace. Véfime, ze ko-
ordinace ceskych pracovist a sbér jejich zkuSenosti a jejich
publikace pfispéji k dalSimu zlepSeni péce o nase pacienty
a zavedeni metody do mezinarodnich doporuceni.

Doporucené odkazy pro dalsi informace
https://www.cktch.cz/,
https://www.ikem.cz/cs/kardiocentrum/klinika-kardiolo-
gie/centrum-vysoce-specializovane-pece-o-pacienty-s-de-
dicnym-kardiovaskularnim-onemocnenim/a-4232/,
https://www.ikem.cz/cs/kardiocentrum/klinika-kardiovas-
kularni-chirurgie/a-21/,

www.kardiogenetika.cz,

www.nahleumrti.cz,

https://exstent.com/,

https://www.cardion.cz/exstent,

https://vascern.eu/,

https://ca-ko.cz/,

https://marfan.org/,
https://marfan.org/dx/zscore-children/,
www.parameterz.com,
https://www.ehlers-danlosuv-syndrom.org/,
https://mzd.gov.cz/narodni-kardiovaskularni-plan-cr-na-
-obdobi-2025-2035/

Podékovani

Autofi dékuji Ing. Jané Javurkové a Mgr. Petru HavliSovi
za organizacni a odbornou podporu aktivit souvisejicich
s problematikou PEARS.
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Richard Kahn, zapomenuty pionyr

elektrokardiografie z Prahy

Cestmir Cihalik

Uvedeni nové vysetfovaci metody elektrokardiografie do
praxe pocatkem 20. stoleti Einthovenem otevrelo zcela
novou epochu diagnostiky srdec¢nich chorob. EKG zdznam
nejprve navazal na predchozi dominujici polygrafické
metody v diagnostice arytmii, mnohé nalezy potvrdil,
mnohé dalsi jako nové zretelné popsal. Brzy se ukdazalo,
ze diagnosticky potencial elektrokardiografie je mnohem
Sirsi a pozornost zacala byt vénovana i repolarizac¢ni fazi.
V tomto sméru byl jednim z prvnich pionyrd vyzkumu
Zidovsko-némecky fyziolog a prazsky rodak Richard Hans
Kahn.

Zidovska rodina Kahna pochézela ze zapadnich Cech,
kde se jeho otec pravnik pusobici jako zemsky advokat
JUDr. Ludwig Kahn (Kohn) narodil v obci Janovice nad
Uhlavou. Matka Anna, rozena Katzova, pochazela z Tep-
lic. Transkripce jména na Kohn se v dochovanych archi-
véliich' vyskytuje pouze jednou, a to v Zidovské matrice
narozenych z roku 1876, kde je takto Ludwig uveden jako
otec syna Richarda. Zda $lo o chybu ¢i zdmér zidovského
autora zapisu jiz dnes nelze dolozit.

Jako nejstarsi z péti sourozencl se Richard narodil
v Praze, kam se rodina v roce 1875 prestéhovala a v po-
licejni pobytové prihlasce je jméno opét transkribovdno
jako Kahn.?

V Praze na Starém Mésté vystudoval gymnazium, kde
maturoval v roce 1893, a v témzZe roce se zapsal na lé-
karskou fakultu tehdejsi némecké Karlo-Ferdinandovy
univerzity, kde Uspésné promoval v roce 1899. V roce
1909 se ozenil s dcerou neurofyziologa Johannese Gada
Klarou, s niz mél dvé dcery.

Zajimava je rovnéz jeho ndbozenska konverze k cirk-
vi evangelické augsSpurské. Jesté v roce 1899 v matrice
doktorl némecké Karlo-Ferdinandovy univerzity v Pra-
ze®> md uvedeno nabozZenské vyznani zidovské, v roce
1916 v policejni pobytové prihlasce se hlasi k evangelické
augspurské cirkvi. Kdy presné a pro¢ k této konverzi
doslo, neni jasné. Krest vSak nebyl do evangelické mat-
riky zapsan, asi probihal jinak a byl snad o tom vystaven
pouze pisemny doklad, jehoz eventualni dochovani se ne-
podafilo dohledat.

Jiz od tretiho rocniku studia mediciny se aktivné zapo-
jil do védecké prace jako demonstrator na histologickém
ustavu Sigmunda Meyera.

Po Uspésné promoci nastoupil na pozici asistenta na
fyziologicky Ustav vedeny v té dobé jeho budoucim tcha-
nem, vyznamnym némeckym neurofyziologem profeso-
rem Johannesem Gadem (1842-1926).

Kahnutv dalsi védecky a profesni rlst byl vsak velmi
komplikovany. V roce 1903 se neuspésné pokusil o habi-
litaci a teprve v roce 1905 byl ustanoven do funkce pri-
vatniho docenta. | dalsi jeho védecka kariéra narazela na
komplikace. V roce 1910 se neuspésné pokousel o postup

Obr. 1 - Hans Richard Kahn (1876-1941). Publikovano se svolenim:
Nérodni archiv (dale jen NA), Policejni feditelstvi Praha Il - vieobec-
na spisovna (dale jen PR I1), 1941 - 1950, sign. K 659/4, kart. 4875.

na misto mimoradného profesora, avsak tuto pozici ziskal
az na druhy pokus v roce 1912. Ackoliv v roce 1913 bylo
jeho jméno uvedeno v biografickém lexikonu vyznam-
nych Iékar, stale $lo o neplacené misto. Placenou pozici
obhajil sice uz v roce 1915, ale teprve po prvni svétové
valce, v nové vzniklém Ceskoslovensku v roce 1919 tuto
pozici mimoradného profesora skutecné ziskal. Na vsech
téchto zdrzenich se zfejmé podilela i diskriminace pro
jeho zidovsky pavod.

V roce 1932 se mu naskytla pfilezitost byt ustanoven
do funkce radného profesora s vyhledem na misto pred-
nosty nové vznikajiciho oddéleni obecné biologie, aviak
diky vlivu svych oponentd, predevsim z veterinarnich kru-
hd, toto misto neziskal.

Odborné mél velmi Siroky zabér. Kromé problematiky
krevniho obéhu a elektrofyziologie u clovéka a vyssich
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savcl se zajimal o vnitini sekreci se zamérenim na ledviny,
funkci svalt ¢i o asymetrii lidského téla.

Na fakulté pak vyucoval a vedl seminére z fyziologie,
srovnavaci fyziologie a histologie.

Publikoval vétSinou v némeckojazy¢nych odbornych
Casopisech, a to vice nez 80 pUvodnich praci, 14 z nich
vénoval elektrokardiografii, problematice vnitfni sekrece
vénoval 21 praci.

Asi nejzndméjsi a nejvice prinosné byly jeho pokusy na
psech publikované jiz v roce 1911,* kdyz jim kratkodobé
zaskrcoval koronarni cévy a soucasné sledoval prechodné
se objevujici zmény Useku ST na elektrokardiografickém
zdznamu. Tento ve své dobé originalni objev pomohl poz-
déji objasnit podstatu EKG zmén vznikajicich u ¢lovéka
trpiciho anginou pectoris. Avsak i tato prace upadla v za-
pomneéni.

Interpretace zmén useku ST patfi dodnes k nejobtiznéj-
$im c¢astem hodnoceni EKG kfivky s Sirokou variabilitou
a diferencialni diagnostikou.

Cast EKG kfivky zobrazujici komorovou repolarizaci
oznacil v roce 1912 jako vinu T° dal3i v Praze pUsobici ra-
kousky fyziolog Heinrich Ewald Hering (1866-1948). De-
prese Useku ST na EKG v prlbéhu zachvatu anginy pectoris
poprvé popsal v roce 1918 anglicky Iékai Guy Bousfield.®
Prvni EKG zdznam pacienta v akutni fazi infarktu myo-
kardu s elevacemi useku ST” publikoval v roce 1920 v New
Yorku Harold Ensign Bennet Pardee (1886-1973). Analyzu
zmén EKG kfivky v prlbéhu ischemie myokardu studoval
rovnéz rusko-americky elektrofyziolog Eugene Wladmire
Lepeschkin (1914-1994), kdyZz v prlbéhu vykrvaceni a opé-
tovné transfuze krve psim sledoval zmény tseku ST a viny
T v dUsledku poklesu amplitudy a trvani akéniho potencia-
lu v subendokardidlnich vrstvdch myokardu.®

Kahnova védeckd a pedagogicka kariéra byla ukoncena
k 31. 12. 1938 v souvislosti s novym vlddnim nafizenim
o dichodovém véku.

Na podzim 1938 bylo u jeho jména v seznamu berlin-
ského fisského ministerstva pro védu uvedeno, Ze je kraj-
né nespolehlivy.

Zemfrel 26. 12. 1941, dle matriky zesnulych ve svém pro-
najatém domé v Revnicich (Rewnitz) ¢. 678. Ohledavajici

Iékaf MUDr. Koudella jako pfi¢inu smrti stanovil koronar-
ni arteriosklerézu (Koronasklerose des Herzens). Pohieb
se konal 31. 12. 1941 v 9.00 v krematoriu v tehdejsim ob-
vodu Praha XII, dnes strasnické krematorium Praha 10, Vi-
nohrady.®

Néktefi autofi mylné uvadéji jako pfi¢inu umrti sebe-
vrazdu oxidem uhelnatym,' ¢i dokonce lokalizuji umrti do
Terezina."

Literatura

1. Matriky zidovskych nabozenskych obci v Ceskych zemich, Praha,
inv. ¢. 2511, Chlapci narozeni roku 1876, s. 93, poradové cislo 104
(jeho zidovsky krest s obfizkou).

2. Policejni pobytova prihlaska. Narodni archiv, Policejni feditelstvi
I, konskripce, karton 250, obraz 96.

Dostupné z: http://digi.nacr.cz/prihlasky2/index.
php?action=link&ref=czarch:CZ-100000010:874&karton=250&foli
um=96. [citovano 2026-06-24].

3. Matrika doktort némecké Karlo-Ferdinandovy univerzity v Praze
(1892-1904), str. 217. Dostupné z: https://is.cuni.cz/webapps/
archiv/public/lbook/bo/1751652802704438/221/?lang=cs. [citovano
2026-06-24].

4. Kahn R. H. Elektrokardiogrammstudien, Arch. f. d. ges. Physiol,
1911;140:197-224.

5. Hering H.E. Pfluger’s Arch. f. d. ges. Physiol 1913;151:111.

6. Bousfield G. Angina Pectoris: Changes in Electrocardiogram
During Paroxysm. Lancet 1918;11:457.

7. Pardee HEB. An electrocardiographic sign of coronary artery
oclusion. Arch Int Med 1920;26:244.

8. Lepeschkin E.W. Modern Electrocariography: the P-Q-R-S-

T-U complex. Baltimore: 1951.

9. Matrika zesnulych. Dostupné z: https://katalog.ahmp.cz/
pragapublica/permalink?xid=60b52977ffda49458a8fb34e89a5e26
8&scan=140#scan140. [citovano 2026-06-24].

10. Simanek M, Kostlan A, eds. Disappeared Science. Biographical
Dictionary of Jewish Scholars from Bohemia and Moravia - Victim
of Nazism, 1939-1945. Praha-Cerveny Kostelec: Pavel Mervart,
2013:92-94.

11. Hlavackova L, Svobodny P. Biographischer Lexikon der Deutschen
Medizineschen Fakultat in Prague 1883-1945. Praha: Karolinum,
1998:105.

Doc. MUDr. Cestmir Cihalik, CSc.,
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:A Zprava o knize

387

Pavel
Kolar

VYSEHRAD

Cena: 284 Kc¢.

Pred vlastnim textem jsou tyto dva citaty: Bolesti nejsou
nesnesitelné, ani nekonecné, prestaneme-Ii si je v duchu
zveliovat a uvédomime-li si jejich skutecné hranice. Jeho
autorem neni nikdo jiny nez slavny Epikuros. Druhy citat
je od Marca Aurelia: Zddna bolest neni nekonecna!

Referovand monografie ma 222 stran. Jejim jedinym
autorem je profesor PaedDr. Pavel KolaF, Ph.D. Neni sice
Iékarem, ale je pracovnikem 2. |ékarské fakulty Univerzity
Karlovy v Praze.

Toto neni jeho prvni kniha. Tou byl velelspésny Laby-
rint bolesti (2018), jehoZ se prodalo pres sto tisic vytiski
(). Nasledovaly Posilovéni stresem (2021), Reka pod hla-
dinou: Védomim proti ¢asu (2023). U nas i v zahranici je
zndm jako autor Neuromuskuldrni stabilizace i jako lékaf
nasich a zahrani¢nich vyznamnych sportovcu.

Odborny obsah knihy tvofi 13 kapitol: (1) O boles-
ti a jeji komplexnosti, (2) Bolest ve dvojim provedeni,
(3) Bolest v mozku, (4) Cesta labyrintem bolesti, (5) Do-
ména 1, (6) Doména 2, (7) Doména 3, (8) Drahy bolesti
(,zdola nahoru” a ,shora dold”), (9) Drahy ocekavani,
(10) Drahy bolesti, (11) Bolest v chovani, (12) Chovani
v bolesti a (13) Zavér.

Pavel Kolaf: Labyrint bolesti
a jak se v ném neztratit

Praha, Vysehrad ve spolecnosti Albatros Media a.s., 2025, 222 stran.
Format 140 x 210 mm, nékolik barevnych obrazka,

pevna (vazand) vazba.

ISBN: 978-80-267-3109.

| kdyz by se podle autora i tématu zdalo, Ze jde o od-
borné védeckou knihu, neni tomu tak. Jde o odborné
téma urcené laikm. Neni proto chybou, Ze v textu neni
uveden ani jediny autor, ani jediny odkaz na cizi pramen,
ani ze kniha nema seznam literatury a chybi i rejstrik.
Toto jisté z |ékarského hlediska odborné téma je formal-
né zpracovano jako krasna literatura. Knihu jsem ale pec-
livé precetl a poucil jsem se. Nepochybuji o tom, Ze bude
Uspésna (i kdyz ne tak jako Labyrint bolesti v roce 2018).

V knize je nékolik obrazkd, cernobilych i barevnych.
Jejich autorem je David Cerny. Mné se ale Zadny nelibil.

Komu knihu doporucit?

Vsichni, ktefi se setkdavaji s bolesti (Iékafi i laici), by si méli
tuto knihu precist. Ale nejen Iékafi, je srozumitelnd i pro
laiky.

Prof. MUDr. Jan Petrasek, DrSc.,

lll. interni klinika, 1. Iékarska fakulta Univerzity
Karlovy a Vseobecnd fakultni nemocnice v Praze,
e-mail: petrjanv@email.cz
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