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Srdecni resynchronizat“:nl’ lécba u déti Speckle tracking analyza kontrakce levé a pravé komory

. o v . pomoci myokardidlniho strainu u pacient s klasickym obrazem
a paCIentu s vrozenou srde¢ni vadou dyssynchronie. Dyssynchronie pravé pulmondlni komory u pacienta

s blokédou pravého Tawarova raménka. Obraz je velmi podobny

Antikoagu|aén|’ lécba u ch ronicky dyssynchronii levé komory. Casné se kontrahujici septum (zelena,
. , . o s . ., svétle modra a Zluta kiivka) vede k paradoxnimu protazeni pozdné
dlalyzovanyCh paC|entu s fibrilaci sini aktivované protilehlé volné stény pravé komory (tmavomodra

a Cervena kfivka), jejiz vrchol kontrakee nastévé az po uzavéru

< s = LA pulmonalni chlopné.
POhybova a k‘EIV[Ita Vv prevend ischemické (Vrbik M, Zmatlikova T, Jurcenko O, Kovanda J, LoZek M, Janousek
choroby srdecni J. Srdecni resynchronizacni lécha u déti a pacientd s vrozenou
srdecni vadou: prehledovy clének. Prehledovy clanek, str. 78-85.)
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Casopis Ceské kardiologické spole¢nosti a Ceské spole¢nosti kardiovasku-
larni chirurgie Cor et Vasa vychazi Sestkrat roné a pokryva vsechny aspek-
ty kardiologie, angiologie, kardiovaskularni chirurgie, kardiovaskularniho
zobrazovani, pediatrické kardiologie, hypertenze, kardiovaskuldrni pre-
vence a nékteré z aspektd intervencni radiologie.

Obsahuje tvodniky, ptivodni 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-
mentéfe, informace z Ceské kardiologické spole¢nosti, Ceské spole¢nosti
kardiovaskularni chirurgie a Evropské kardiologické spole¢nosti i aktualni
mezindrodni zprdvy a témata.

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

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

Cor et Vasa je citovana v databazich EMBASE, Scopus, Bibliographia medica
Cechoslovaca, ESC Search Engine, Emerging Sources Citation Index spole¢-
nosti Thomson and Reuters, Web of Science a Journal Citation Reports —
impakt faktor 0,9 za r. 2024.
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http://actavia.e-coretvasa.cz/. Pfispévky do Kardia muzete zasilat také na
adresu vedouciho redaktora nebo odpovédné redaktorky.
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Attribution 4.0 International License (CC BY-NC 4.0), jez umozniuje
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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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Casopis Ceské kardiologické spole¢nosti & Ceské spole¢nosti kardiovaskularni chirurgie
Citovan v databazich Scopus, EMBASE, BMC, ESC Search Engine, Emerging Sources Citation Index spolecnosti Thomson and Reuters,
Web of Science a Journal Citation Reports — impakt faktor 0,9 za rok 2024.

The Journal of the Czech Society of Cardiology & the Czech Society for Cardiovascular Surgery
Abstracted / Indexed in: Scopus, EMBASE, BMC, ESC Search Engine, Emerging Sources Citation Index by Thomson and Reuters,
Web of Science, and Journal Citation Reports — impact factor 0.9 for year 2024.
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Cile: Urcit ulohu speckle tracking echokardiografie pfi zjistovani subklinické dysfunkce myokardu u pacientd
s infek¢ni endokarditidou (IE) a predikovat jejich vysledny stav v nemocnici.
Metody: Do studie jsme prospektivné zaradili 46 pacientd s aktivni IE. Byla provedena kultivace krevnich
vzorkd a sérologické vysetreni, krevni vzorky byly odebirdny opakované pro stanoveni celkového poctu
leukocytt a hodnot C-reaktivniho proteinu (CRP) a prokalcitoninu. Opakované bylo provedeno i klasické
transtorakalni speckle tracking echokardiografické vysetfeni.
Vysledky: U vétsiny pacientl byla diagnostikovana pravostranna IE pricitana intravendzni aplikaci omam-
nych latek. Pfes zachovanou ejek¢ni frakci levé komory (EF LK) vykazovali vsichni pacienti pfi pfijmu celko-
vou longitudinalni deformaci (global longitudinal strain, GLS). Nepfiznivé vysledky korelovaly se statisticky
méné negativni hodnotou GLS (p < 0,001) a infekci MRSA (p = 0,043). Hodnota GLS pfi pfijmu korelovala
s hodnotami CRP a prokalcitoninu i velikosti vegetace. Vy3si procenta zlepseni hodnot v pfipadé prokalcito-
ninu, velikosti vegetace i GLS byly pozorovéany u pacientd s pfiznivym vyslednym stavem (p < 0,001). Hodnoty
GLS (p = 0,016; OR 28,97) a velikost vegetace (p = 0,029; OR 4,41) byly statisticky vyznamnymi prediktory
nepfiznivého vysledku lécby. Mezni hodnota GLS > -14,5 % predikovala nepfiznivy vysledny stav se stfedné
vysokou senzitivitou (76 %) a specificitou (65 %) (AUC 0,75; p = 0,002).
Zavér: Subklinickd myokardialni dysfunkce pfi sepsi, zjisténa na zdkladé hodnoty GLS, se u pacientd s IE
vyskytuje asto, zvlasté u pacientli s komplikovanym pribéhem onemocnéni v nemocnici. Hodnoty GLS a ve-
likost vegetace pfi pfijmu nezavisle predikuji neptiznivy vysledek lécby. Hodnota GLS LK > -14,5 % muze se
stredné vysokou pravdépodobnosti predpovidat komplikace béhem hospitalizace.

© 2026, CKS.

ABSTRACT

Objectives: To investigate speckle-tracking echocardiography’s role in detecting subclinical myocardial dys-
function in infective endocarditis (IE) patients and predicting in-hospital outcomes.

Methods: We prospectively enrolled 46 patients with active IE. Blood cultures and serology tests were per-
formed, and blood samples for total leucocytic count, C-reactive protein (CRP), and procalcitonin were col-
lected at multiple intervals. Serial conventional transthoracic echocardiography with speckle tracking was
also performed.

Results: Most patients had right-sided IE linked to intravenous drug use. Despite preserved left ventricular
ejection fraction (LVEF), all patients showed impaired global longitudinal strain (GLS) on admission. Poor
outcomes correlated with significantly less negative GLS (p <0.001) and MRSA infection (p = 0.043). GLS on
admission correlated with CRP, procalcitonin, and vegetation size. Higher improvement rates in procalci-
tonin, vegetation size, and GLS were seen in patients with favorable outcomes (p <0.001). GLS (p = 0.016,
OR 28.97) and vegetation number (p = 0.029, OR 4.41) were significant predictors of poor outcomes. A GLS
cut-off >-14.5% predicted poor outcomes with moderate sensitivity (76%) and specificity (65%) (AUC 0.75,
p =0.002).

Conclusion: Subclinical myocardial depression detected by GLS is common in IE patients, particularly those
with complicated hospital courses. GLS and vegetation number on admission independently predict poor
outcomes. An LV GLS >-14.5% can moderately predict in-hospital complications.
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Introduction

Infective endocarditis (IE) is a heterogeneous disease with
high complication and mortality rates. The prognosis de-
pends on existing comorbidities, the presence of cardiac
devices or valvular prosthesis, and the virulence of the
causative microorganism.’

Left ventricular (LV) function is a powerful predictor of
outcomes in patients with infectious diseases and sepsis.
However, limitations exist in using LV ejection fraction
(EF) to characterize systolic function — geometric assump-
tions, technical issues such as apical foreshortening, and
dependence on loading conditions.?

Strain-imaging by 2D speckle-tracking echocardiogra-
phy (2D-STE) has clinical utility in a variety of settings and
offers superior prognostic value over EF for predicting
major adverse cardiac events. Advantages of using glob-
al longitudinal strain (GLS) to assess LV systolic function
over EF include better reproducibility, ability to identify
subclinical LV dysfunction, non-reliance on geometric as-
sumptions, and lack of influence by tethering effects.?

Patients and methods

This prospective study included patients referred to the IE
working group at Kasr Alaini Cardiovascular Department
between July 2019 and December 2021.

Inclusion criteria

e Patients with definitive uncomplicated IE diagnosis ac-
cording to the ESC guidelines 2015.*

e Patients who were destined for medical treatment only.

e Patients with normal baseline LV EF by conventional 2D
trans-thoracic echocardiography (TTE).

e Patients with high-quality images.

Exclusion criteria
e Patients with IE presenting with an indication for ur-
gent or emergent surgery.

At least three sets of blood cultures were withdrawn from
all patients before starting antibiotics —with the first and
last samples drawn at least 1 hour apart. Serology tests
were done for Coxiella burnetii, Bartonella species, Brucel-
la species, Legionella pneumoniae, and Aspergillus species.
We recorded different markers of inflammation and infec-
tion on admission and during the hospital course, to moni-
tor treatment response, including total leucocytic count
(TLQ), C-reactive protein (CRP), and procalcitonin.

A comprehensive 2D transthoracic echocardiography
was performed within 24 hours of admission using Af-
finiti Philips (Philips Medical Systems, Andover, MA, USA)
equipped with 1-5 MHz X5-1 transducer. All measure-
ments were calculated according to the American Soci-
ety of Echocardiography and the European Association
of Cardiovascular Imaging recommendations.> LVEF was
calculated by the modified Simpson’s biplane method.
IE-related data including vegetation (an echogenic mass
on the endocardium or intracardiac prosthesis with inde-
pendent oscillating motion), and their related site, size,
number and related valvular lesions were recorded.

For the 2D-STE image acquisition, sector size, and
depth were adjusted to achieve optimal visualization of
all LV myocardium in the three standard apical views (4-,
2-, and long-axis view) and parasternal short axis (basal,
mid, and apical levels) at a frame rate between 60 and
100 fps. Images of three consecutive cardiac cycles were
stored digitally for offline analysis with QLab 10 software
(cardiac motion quantification (CMQ); Philips Medical Sys-
tems). The stored grayscale images were analyzed offline
to measure LV deformation performance. Each of the
apical or short-axis views was divided into 6 segments.
The GLS and global circumferential strain (GCS) were av-
eraged from the total 17 segments —-the normal value for
GLS is <—20%.°

Patients were divided into two groups according to
their hospital course and clinical outcome. The first group
included patients with favorable hospital course and
outcomes (i.e., good clinical and laboratory responses to
medical treatment defined as subsiding fever with im-
provement in laboratory markers of infection and inflam-
mation in the absence of in-hospital complications). The
second group included those with poor hospital course
or outcome (defined as death caused primarily by un-
controlled infection or the occurrence of complications
during the hospital course that are directly related to the
uncontrolled infection such as NYHA class IlI-1V heart fail-
ure, systemic or pulmonary embolization, or uncontrolled
infection —persistent fever for > 7-10 days despite proper
antibiotic regimen after excluding extra-cardiac or other
causes of fever).*

Follow-up
All patients had repeated TTE studies to follow up on
the previously mentioned echocardiographic parameters
at the following pre-specified timings after initiating
the antibiotic course: 7-10 days, 14-21 days, and predis-
charge. This was paralleled with monitoring temperature
and laboratory markers of infection, as well as recording
any developing complications during the hospital stay.
Patients who developed in-hospital complications, that
prompted altering their management strategy to urgent
intervention, had additional pre-operative TTE and 2D
STE studies.

Informed consent was obtained from all the partici-
pants. The study was approved by our University’s Ethics
Committee in July 2019 (MD-56-19).

Statistical analysis

The data were tested for normality. Continuous variables
were presented as mean = SD for normally distributed
data and median, interquartile range (IQR) for skewed
data. Categorical data were presented as numbers (%).
Comparison between groups was done using Chi-square
and Fischer’s exact tests for categorical data and t-test /
Wilcoxon-Sign test for numerical variables (in normal and
skewed data respectively). Repeated measurement analy-
sis was done for all continuous variables that had serial
measurements. Significant variables in the univariate
analysis were categorized into clinical, laboratory, and
echocardiographic groups, and were entered separately
in a multivariate logistic regression analysis to detect the
most significant predictors of poor outcomes. The Re-
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ceiver Operator Characteristics (ROC) curve was plotted
to detect the cut-off point of GLS at which bad outcomes
significantly increased. Scatter plots were examined be-
tween GLS and all significant continuous variables to de-
tect any correlation, p values were considered significant
at <0.05.

Results

Among 55 patients, 49 patients met eligibility for our
study (four patients were excluded due to acute nephritic
syndrome diagnosis, and two patients had a suboptimal
image quality for strain analysis). Three patients were dis-
charged against medical advice, ending with 46 patients.

Patients with favorable in-hospital outcomes were 24
patients (52.2%) while those with poor outcomes were
22 (47.8%). Poor outcomes included: lack of response to
medical treatment (14 patients,30.4%), pulmonary embo-
lism (21 patients, 45.7%), heart failure (1 patient, 2.2%),
and death (5 patients, 10.9%).

Baseline clinical parameters associated with poor out-
comes are presented in Table 1 and include procalcitonin
level, severity of valve incompetence, size, and number of
vegetations, and MRSA infection.

Baseline speckle tracking echocardiography data
Right-sided infective endocarditis was present in 93.5%
of patients, so the tricuspid valve affection predominat-
ed.

Table 1 - Baseline patients’ data

All patients (n = 46)
Demographics

Age, years 31.8 £6.15
Gender, male 37 (80.4%)

Risk factors

IVDU 42 (91.3%)

RHD 1(2.2%)

Valve prolapse 1(2.2%)

Obstetric procedure 2 (4.3%)

Prior IE 1(2.2%)
Comorbidities

Diabetes mellitus 1(2.2%)

HCV positive 17 (37%)

Temperature on admission, °C 38.9 +0.67
Lab results

TLC (10/mm?3) 16.1 £ 4.47

CRP (mg/dL) 170 + 80.3

Procalcitonin (ng/ml) 2.2 +0.93
TTE volumes

LVEDV (ml) 106 + 14.1

LVESV (ml) 41.7 £6.13
LVEF (%) 60.5 £ 3.57
Affected valves

Tricuspid 40 (87%)

Mitral 4 (8.7%)

Pulmonary 1(2.2%)

Mitral and tricuspid 1(2.2%)
Degree of valve incompetence
Severe 32 (69.6%)
Moderate 14 (30.4%)
Number of vegetations 1.6 £0.61
Size of largest vegetation (mm) 25.2+6.4
MRSA infection 22 (47.8%)
MSSA 7 (15.2%)
Negative 15 (32.6%)
Streptococci 1(2.2%)

Favorable outcome (n=24)  Poor outcome (n = 22) p-value
32.8x7.12 30.6 = 4.81 0.24
18 (75%) 19 (86.4%) 0.46
20 (83.3%) 22 (100%) 0.13
1(4.2%) -

1(4.2%) -

2 (8.3%) -

- 1(4.5%)

1(4.2%) - 1.0

5 (20.8%) 12 (54.5%) 0.018
38.62 + 0.57 39.14 + 0.64 0.013
15.3 £ 3.98 16.96 + 4.88 0.274
141.79 + 65.6 200.59 = 84.86 0.019
1.75 £ 0.66 2.7 £0.93 <0.001
105.08 + 16.48 105.95 = 11.37 0.7
41.92 £ 6.45 41.5+5.89 0.83
61.04 = 3.08 59 + 4.04 0.23
20 (83%) 20 (91%) 0.9
4(16.7%) - 1.0

- 1(4.5%) 1.0

- 1(4.5%) 1.0

12 (50%) 20 (90.9%) 0.003
12 (50%) 2 (9.1%)

1.29 £ 0.46 1.95 + 0.57 <0.001
22.79 + 6.07 27.77 + 5.84 0.006
8(3.3%) 14 (63.6%) 0.04
4(16.7%) 3 (13.6%) 1.0

11 (45.8%) 4 (18.2%) 0.046
1(4.2%) - 1.0

Values are presented as mean = SD and number (%). CRP — C-reactive protein; HCV - hepatitis C virus infection; IE - infective endocarditis;
IVDU - intravenous drug use; LVEDV - left ventricular end-diastolic volume; LVEF - left ventricular ejection fraction; LVESV - left ventricu-

lar end-systolic volume; MRSA - methicillin-resistant Staphylococcus aureus; MSSA - methicillin-sensitive Staphylococcus aureus;

RHD - rheumatic heart disease; TLC - total leucocytic count.
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Fig. 1 - Global longitudinal strain (GLS) changes throughout the
follow-up of the two groups of patients.

Though LVEF by 2D TTEE did not significantly differ be-
tween the two groups, the GLS, and speckle-derived LVEF
on admission were significantly lower in patients who
had poor outcomes (Table 2).

Follow-up data
Patients with favorable outcomes had a substantial de-
crease in vegetation size (p <0.001) and a faster pace of
improvement in procalcitonin and GLS (p <0.001) (Fig. 1).
GLS, GCS, and LVEF showed steady improvement in both
groups during the hospital course (Table 3).

Variations in procalcitonin were the sole significant
early differences between the two groups (p <0.001), as
seen in Table 4.

Correlation between global longitudinal strain

on admission and different parameters of infection
GLS on admission was significantly correlated with the
largest vegetation size on admission and the temperature
(p = 0.02 for both) (Table 5), as well as CRP and procalci-
tonin (p = 0.031 and p = 0.01, respectively), as shown in
Figure 2.

Multi-variate regression analysis of the predictors
of poor in-hospital outcome

Multivariate regression analysis was done using the sig-
nificant clinical, laboratory, and echocardiographic vari-
ables on admission to identify the independent predictors
of in-hospital complications and worse outcomes. Clinical
(HCV infection, degree of valve incompetence, and tem-
perature on admission) and laboratory variables (MRSA
infection, negative cultures, ESR, CRP, and procalcitonin)
did not show significant association with apoor outcome,
while some echocardiographic variables (vegetation size
and GLS) showed the most significant independent asso-
ciation (Table 6). A model for GLS on admission was done
and showed that a GLS cut-off value of >-14.5% had the
highest sensitivity (76%) and specificity (65%) for poor
outcomes, (AUC: 0.75, p = 0.002) (Table 7 and Fig. 3).

Discussion

All patients in this study had subclinical LV dysfunction
upon admission, as shown by impaired GLS (mean -14.4
+ 1.29), despite normal LVEF by 2D TTE. GLS had a sig-
nificant correlation with admission CRP and procalcitonin
levels. Furthermore, the change in GLS during the first 10

Table 2 - Baseline speckle tracking echocardiography data

All patients (n = 46)

GLS, % -14.4+1.29 -14.94 +1.21
GCS, % -16.6 £ 2.22 -16.69 = 1.76
LVEF, % 52.2 +2.86 52.92 +2.04

Favorable outcome (n = 24)

Poor outcome (n = 22) P
-13.89 1.16 0.003
-16.58 + 2.67 0.25
49.32 +2.42 <0.001

Values are presented as mean = SD.

GCS - global circumferential strain; GLS - global longitudinal strain; LVEF - left ventricular ejection fraction.

Table 3 - Change in different laboratory and echocardiographic data throughout follow-up in the two study groups

Favorable outcome (n = 24) Poor outcome (n = 22) p-value
Admission Discharge Admission Discharge*
Laboratory markers
ATLC 15.3 £3.98 7.88 + 1.88 16.96 + 4.88 10.3+4.34 0.45
A CRP 141.79 + 65.6 30.75 £ 22.92 200.6 + 84.86 109.55 + 70.46 0.23
A Procalcitonin 1.75 = 0.66 0.11 £ 0.07 2.7+0.93 2.26 £ 2.26 <0.001
Echocardiography
Vegetation size 22.79 + 6.07 12.88 + 5.862 27.77 + 5.84 22.77 +7.18 <0.001
A GLS -14.94 + 1.21 -18.5+1.29 -13.89+1.16 -15.8+1.51 <0.001
A GCS -16.69 + 1.76 -19.58 £ 2.1 -16.58 + 2.67 -18 +3.1 0.24
A LVEF 52.92 + 2.04 56.25 + 1.82 49.32 +2.42 52.76 + 3.1 0.79

* Discharge in patients with poor hospital course is the last follow-up done before discharge, surgery, or mortality.
CRP - C-reactive protein; GCS - global circumferential strain; GLS — global longitudinal strain; LVEF - left ventricular ejection fraction;

TLC - total leucocytic count.



12 Speckle Tracking Echocardiography in Endocarditis
o .
5+ . :
300 b
o L
4 .

=

5 < 200

S S

S

Q

o

100
. o
. .
.
.
T T T T T T T T
-18 -16 -14 -12 -18 -16 -14 -12
GLS1 GLS1

Fig. 2 - Correlation of global longitudinal strain with procalcitonin (on the left) and C-reactive protein (on the right) on admission.

Table 4 - Impact of the early rate of change of pertinent variables (from admission till the first follow-up) on outcome

Favorable outcome (n = 24)

Admission

Laboratory markers

ATLC 15.3 +3.98

A CRP 141.79 £ 65.6

A Procalcitonin 1.75 = 0.66
Echocardiography

Vegetation size 22.79 + 6.07

A GLS -1494 +1.21

A GCS -16.69 = 1.76

A LVEF 52.92 +2.04

Poor outcome (n = 22)

— p-value

FU 7-10 days Admission FU 7-10 days

12.3+3.28 16.96 + 4.88 13.1+£5.01 0.35
109.9 £ 63.2 200.6 + 84.86 161.3 £ 74.66 0.73
1.02 + 0.45 2.7+0.93 253+ 1.11 <0.001
20.2 +5.84 27.77 £ 5.84 25.5+5.84 0.61
-15.9+1.22 -13.89+ 1.16 -14.7 £ 0.83 0.86
-17.43+1.3 -16.58 + 2.67 -17.07 £ 3.41 0.44
53.9+2.1 49.32 +2.42 50.7+2.4 0.47

CRP - C-reactive protein; GCS - global circumferential strain; GLS - global longitudinal strain; LVEF - left ventricular ejection fraction;

TLC - total leucocytic count.

| Table 5 - Correlation between global longitudinal strain
100 and different markers of infection on admission
GLS Correlation coefficient (r)* p-value
CRP 0.34 0.031
757 Procalcitonin 0.399 0.01
Largest vegetation size 0.36 0.02
.*E‘ 5 Temperature 0.34 0.02
G Vegetation number 0.033 0.84
[}
(2]
GLS - global longitudinal strain. * Spearman’s correlation
25 coefficient.
days of hospitalization was significantly correlated with
0 changes in the CRP levels. These findings support the hy-
T T T T T pothesis that infection has a deleterious impact on left
-100 75 50 =25 0 ventricular function in IE patients.
1 - Specificity We assessed LV function using STE, a recently proved

Fig. 3 - ROC curve for GLS on admission to predict poor outcomes.

more effective approach than standard TTE in detecting
subtle changes in the myocardium in several illnesses.®
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Myocardial dysfunction parameters have been used
as predictors of outcomes in IE regardless of the etiol-
ogy of the hemodynamic impairment.” This was based
on the data from some studies that have confirmed that
low LVEF is a prognostic marker of poor outcome in both
left-sided and right-sided IE.® Many recent studies have
gained GLS a lot of popularity as an early marker of LV
systolic dysfunction, owing to the longitudinal arrange-
ment of the more vulnerable subendocardial fibers of
the LV in this plane of motion.® In our study, all patients
had an impaired GLS on admission (mean —-14.4 = 1.29) as
compared to the normal GLS cut-off value GLS (-20%) in
the latest guidelines,® despite having a normal LVEF by
the conventional 2D echocardiography (mean LVEF = 60.5
+ 3.57). This subclinical myocardial depression could be
attributed to the virulent nature of the disease, particu-
larly in patients with Staphylococcus aureus infection, the
patients’ late presentation, and the potential negative
impact of parenteral medications on LV systolic function.

We also found a significant correlation between GLS
and both CRP and procalcitonin on admission (p = 0.03,
p = 0.01 respectively). Furthermore, changes in GLS dur-
ing the first 10 days of admission correlated significantly
with changes in the CRP levels (r = 0.33, p = 0.037). These
findings corroborate our hypothesis that infection has
a deleterious influence on LV function in IE patients. Sev-
eral studies were conducted to investigate the changes
that occur in GLS in patients with sepsis and septic shock,
and their impact on the patients’ outcomes. GLS in pa-
tients with severe sepsis and preserved LVEF was sig-
nificantly lower than in critically ill, non-septic trauma
patients.”® Ng et al. reported similar longitudinal strain
results in patients with septic shock." In the pediatric
population, Basu et al. reported that GLS was lower in

Table 6 — Multivariate regression analysis of predictors
of poor outcomes

Variable Odds 95% confidence p-value
ratio interval

Vegetation number 28.97 1.88-446.7 0.016

GLS 4.41 1.16-16.76 0.029

GLS - global longitudinal strain.

septic patients than in the control group, while there
was no significant difference in LVEF between the two
groups.'? In our study, patients with poor outcomes had
consistently worse myocardial dysfunction measured
by GLS than those with favorable outcomes. This find-
ing remained statistically significant on admission (p =
0.003) and at the pre-specified intervals of follow-up (p
<0.001), despite a persistently preserved LVEF by TTE in
both groups. This can be explained by the aggressive na-
ture of MRSA infection which was present in 63.6% of
patients with poor outcomes. Furthermore, HCV infec-
tion, which was previously linked to cardiovascular dis-
eases via direct and indirect inflammatory pathways'-"
was significantly higher in this group of patients than in
those with favorable outcomes (54.4% versus 20.8%, p
=0.018).

In 2018, Lauridsen et al.’® published the first study to
establish the prognostic value of GLS in the IE popula-
tion and revealed that GLS outperformed LVEF in long-
term outcome risk prediction in patients with left-sided
IE: GLS > -15.4% had a 3-fold increased risk of 1-year
mortality. Adding GLS to the recognized risk factors of
long-term mortality substantially improved risk discrimi-
nation, whereas LVEF provided less additional informa-
tion. In our study, a GLS cut-off value of >-14.5% on ad-
mission could predict poor outcomes with 76% sensitivity
and 65% specificity. This is also consistent with previous
studies on patients with sepsis which suggested defining
LV longitudinal systolic dysfunction at GLS >-15%, as this
cut-off value was associated with poor outcomes.'"°

In 2020, Capotosto et al.?® studied the changes in LV
strain in 17 patients with aortic valve IE versus 15 healthy
controls and found that the GLS, LV torsion, and vegeta-
tion size (by 3D TEE) all predicted worse outcomes — the
three combined gave the highest diagnostic accuracy,
surpassing vegetation size or LV strain alone. Similarly, in
our study, the most significant independent factors that
could predict poor outcomes were the GLS (p =0.016, OR
28.97, 95% Cl 1.88-46.7) and the vegetation number (p =
0.029, OR 4.41, 95% Cl 1.16-16.76).

Our study differs from the two above-mentioned
studies'®?? in two important aspects. First, we predomi-
nantly enrolled patients with right-sided IE; and being
in a tertiary center, particularly during the COVID-19

Table 7 - Sensitivity and specificity of different GLS values to predict poor outcomes

Cut point Sensitivity (%) Specificity (%)
-18 100% 0%
-17 100% 5%
-16 95.24% 10%
-15.5 90.48% 30%
-15 90.48% 35%
-14.5 76.19% 65%
-14 71.43% 65%
-13.5 47.62% 90%
-13 38.1% 90%
-12 4.76% 100%

PPV (%) NPV (%) AUC

51.22% - 0.750
52.5% 100% 0.750
52.63% 66.67% 0.750
57.58% 75% 0.750
59.38% 71.78% 0.750
69.57% 72.22% 0.750
68.18% 68.42% 0.750
83.33% 62.07% 0.750
80% 58.06% 0.750
100% 50% 0.750
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era, most of the patients who presented with aortic, mi-
tral native, or prosthetic valve IE had either a compli-
cated course or an urgent indication for surgery, thus
were excluded from our analysis. Accordingly, 90% of
our studied population had a predominantly right-sided
valvular affection. Intravenous drug use (IVDU) was the
most common underlying cause (91.3% of all patients).
This explains the predominant male gender (80.4%)
and their respective younger age (mean 32 years). The
fact that left-sided IE was under-represented in our
study imposed some limitations, but it well served the
study’s goal of detecting the changes in the left ven-
tricle produced by the infectious disease process rather
than left-sided valvular affection. Second, in addition to
the baseline assessment of speckle-derived parameters,
our patients underwent serial follow-up measurements
to explore the possible impact of the rate of change in
these parameters on the outcome.

Our study demonstrated that the LV EF derived from
STE was relatively lower than the values derived from the
conventional echocardiography on admission (52.2 + 2.86
versus 60.5 + 3.57). This finding reflects the superiority of
the STE technique in detecting changes in the longitudi-
nal and radial motion of myocardial fibers compared with
the conventional two-dimensional echocardiography-de-
rived EF.

The mortality rate in our study was 11%, which is low-
er than that 27.1% reported in the Egyptian IE registry
by Rizk et al.?' This can be explained by the better over-
all prognosis of patients with isolated right-sided IE than
left-sided disease, as described by Stavi et al (2.6% versus
17% respectively, p = 0.037.2 Data from the Egyptian IE
registry?' also reported an overall in-hospital complica-
tion rate of 39.4% in a population of left and right-sided
IE, while in our study, 48% of patients had a complicated
in-hospital disease course. The late presentation with
subsequent delayed appropriate management and the
aggressive Staphylococcus aureus infection could explain
this high rate of complications.

Limitations

The study was conducted during the COVID-19 pandemic
with generalized restrictions in hospital admissions re-
sulting in a small sample size. As a tertiary center, many IE
patients were referred with a complicated disease course
and were excluded from the study, further reducing the
sample size. Left-sided IE patients were under-represent-
ed in our study. The delayed presentation of the patients
hinders applying the results to early disease presenters.
Our study also lacked detailed data on the nature and
duration of drug abuse.

Conclusion

Subclinical myocardial depression, detected by GLS, was
present in IE patients, but was lower, and showed less
improvement in those with poor in-hospital outcomes.
GLS and vegetation number on admission were indepen-
dent echocardiographic predictors of poor outcomes. GLS

>-14.5% could predict in-hospital complications with
moderate sensitivity and specificity.
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Cil: Cilem této studie bylo analyzovat rozdil mezi stimulaci hrotu pravé komory (PK) a vytokového traktu PK
na jedné strané a incidenci systolické dysfunkce levé komory (LK), jeji dilataci a indexem vykonnosti myo-
kardu levé komory (left ventricular myocardial performance index, LVMPI) na strané druhé po dvou letech
od implantace.
Metody: Na3e studie byla retrospektivni observa¢ni. U¢astniky studie byli pacienti s jednodutinovym trvalym
kardiostimulatorem PK (permanent pacemaker, PPM) po dvou letech od implantace pfistroje ve veobec-
né nemocnici Soetomo Surabaya General Hospital. Shromazdovali jsme vstupni charakteristiky pacientd,
elektrokardiograficky zaznam a z4téz kardiostimulatorem PPM. Nasledné jsme vypocitavali hodnoty LVMPI,
rozméry srdecnich komor, hodnotili systolickou funkci LK, ejekéni frakci levé komory (EF LK) 3D technikou,
a celkovou longitudinélni deformaci (global longitudinal strain, GLS) 3D technikou.
Vysledky: Byl nalezen statisticky vyznamny pokles ve viech parametrech systolické funkce LK ve skupiné po
implantaci PPM do hrotu PK (p = 0,003), v¢etné pfistroje Biplane (p = 0,034), EF LK po implantaci dvouduti-
nového pfistroje do hrotu (apical 2-chamber, A2C) (p = 0,029), EF LK po implantaci ¢tyfdutinového pfistroje
do hrotu (apical 4-chamber, A4C) (p = 0,038), v hodnotach GLS 3D (p = 0,031) i EF LK 3D (p = 0,003). Bylo
zjisténo i statisticky vyznamné zvyseni hodnoty dilatace LK ve skupiné s hrotem v PK, pouze vsak u muzg,
i kdyz hodnota byla stale jesté v rémci normélnich hodnot (primér LK na konci diastoly [LV end-diastolic
diameter, LVEDd], p = 0,01). Konecné bylo zaznamenano statisticky vyznamné snizeni LVMPI ve skupiné
v hrotu PK (p = 0,001).
Zavéry: Existuje statisticky vyznamny rozdil mezi implantaci PPM do hrotu PK oproti stimulaci vytokového
traktu PK v incidenci systolické dysfunkce levé komory (LK), dilatace LK a v indexu vykonnosti myokardu levé
komory (left ventricular myocardial performance index, LVMPI) po 2 letech od implantace.

© 2026, CKS.

ABSTRACT

Aim: This study aims to analyze the difference of right ventricular (RV) apex and right ventricular outflow
tract (RVOT) pacing with the incidence of left ventricular (LV) systolic dysfunction, LV dilatation, and left
ventricular myocardial performance index (LVMPI) after 2 years of implantation.

Methods: This is an analytic observational study with a retrospective cohort design. The study subjects were
patients using single-chamber RV pacing permanent pacemaker (PPM) after 2 years of implantation at So-
etomo Surabaya General Hospital. We collected baseline characteristic data, electrocardiogram, and PPM
burden. Subsequently, LVMPI, cardiac chamber dimensions, LV systolic function, left ventricular ejection
fraction (LVEF) 3D, and global longitudinal strain (GLS) 3D were obtained.
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Results: There was a significant decrease in all LV systolic function parameters in the post-PPM RV apical
group (p = 0.003), including BIPLANE (p = 0.034), LVEF apical 2-chamber (A2C) (p = 0.029), LVEF apical
4-chamber (A4C) (p = 0.038), GLS 3D (p = 0.031), and LVEF 3D (p = 0.003). There was also significant increase
in LV dilatation parameters in the RV apex group for men group only, although still within normal limits (LV
end-diastolic diameter [LVEDd], p = 0.01). Finally, there was a significant decrease in the LVMPI in RV apex

group (p = 0.001).

Conclusions: There is a significant difference between the implantation of PPM with RV apex pacing com-
pared to RVOT pacing with the incidence of left ventricular (LV) systolic dysfunction, LV dilatation, and left
ventricular myocardial performance index (LVMPI) after 2 years of implantation.

Introduction

The development of implantable pacemaker technolo-
gy since the mid-20th century has been crucial for life-
-saving patients with bradyarrhythmia. In the last few
decades, the indications for and number of permanent
pacemaker implantations have increased rapidly along
with the development of new technology."? Over time,
various modifications to lead implantation methods have
been developed to optimize function and reduce side
effects. To date, the placement of leads in the right ven-
tricular (RV) apex has become standard practice owing
to the ease of access and lower cost compared with dual
chamber pacemakers.! Although RV pacing is generally
effective and well tolerated, subsequent studies have rai-
sed concerns about the safety of RV apex pacing.'3# This
phenomenon occurs because a single lead stimulation in
the RV, particularly at the RV apex, creates an LBBB acti-
vation pattern.> Approximately 10-20% of patients with
pacemakers, after 2-4 years of implantation experience
a significant decrease in left ventricular function (ejection
fraction <45%), resulting in cardiomyopathy called pace-
maker-induced cardiomyopathy (PiCMP).®

Several studies have been conducted to determine
the prevention of long-term adverse effects of RV apex
pacing.*”® Various recent studies have found that the
narrowest QRS is achieved by RVOT, particularly in the
septum.5® Pacing in this position is considered more physi-
ological because it involves the Purkinje network earlier
than apical pacing, thereby reducing the electrical and
mechanical dyssynchrony associated with RV apex pac-
ing.’® This effect was explained by better preservation of
left ventricular ejection fraction (LVEF) during follow-up
with less left ventricular dilatation and mitral regurgita-
tion compared with apical pacing.”'* However, RVOT
pacing itself has also been associated with reduced ven-
tricular dyssynchrony.'*' The latest ESC guidelines on car-
diac pacing and cardiac resynchronization therapy also
do not state any recommendations regarding the selec-
tion of one RV pacing location over another.” Data on
the prevalence of PiCMP and clinical outcomes after long-
term RV pacing are also limited because not all patients
require continuous RV pacing, comorbid diseases that of-
ten occur in patients with pacemakers, which can cause
adverse LV remodelling, and periodic monitoring of LV
function that is not routinely performed after pacemaker
implantation.’® Related research in Indonesia remains
minimal, with small sample sizes and short evaluation pe-
riods. Aiming to decrease reliance on RV apex pacing and
to discover improved ventricular pacing techniques.

Material and methods

Patient population and selection

This retrospective cohort study was conducted at Dr. So-
etomo Hospital, Surabaya. All patients provided written
informed consent to participate in the study, and the stu-
dy protocol was approved by the ethics committee of Dr.
Soetomo Hospital, Surabaya (protocol number: 0477/KEPK/
1X/2022). This study included 56 patients (37 patients using
RV apex leads and 19 patients using RVOT leads) using
a single chamber, RV pacing, and permanent pacemaker
(PPM) after 2 years of implantation. In addition, patients
who met the requirements in this study were patients with
LVEF pre-PPM implantation >45%; burden pacing >80%
for 2 years; did not have structural heart disease pre-PPM
implantation (significant heart valve disease, uncorrected
congenital heart defects, right heart failure / right heart
remodelling, left heart failure / left heart remodelling);
and did not have severe comorbid diseases with cardiac
complications (such as, systemic lupus erythematosus with
cardiac complications, diabetes mellitus with cardiac com-
plications, and haemorrhagic/ ischemic stroke with cardiac
complications). Some exclusions in this study are pregnant
or lactating mothers and patients with mental disabilities.
Data collection of respondent characteristics using a form
(age, gender, comorbid diseases, treatment history).

Electrocardiogram recording and permanent
pacemaker interrogation

A 12-lead electrocardiogram (ECG) recording was perfor-
med using a 3/6/12 channel Aspel Mr. Silver ECG machine.
Eligible patients underwent a 12-lead ECG recording, and
the performance of the PPM was assessed based on the
recording results to determine its effectiveness. In additi-
on to ECG recording, patients were subjected to PPM in-
terrogation according to the type of generator and lead
used. Three devices were used in this hospital, namely
Medtronic, St. Jude, and Biotronic. This interrogation was
performed to determine the PPM burden in patients. Pa-
tients who had a burden of >80% for 2 years were inclu-
ded in this study.

Transthoracic echocardiography

Transthoracic echocardiography was performed using
a Philips Epig CVx device. Patients who met the crite-
ria underwent transthoracic echocardiography to assess
LV systolic function after PPM implantation, either by
Simpson’s method (BIPLANE) or by other parameters, such
as LVEF Apical 2-Chamber (A2C), LVEF Apical 4-Chamber
(A4C), GLS 3D, and LVEF 3D. Furthermore, LV dimension
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assessment was performed using the left ventricular end-
-diastolic diameter (LVEDd) method and volume, namely
end-diastolic volume (EDV) and end-systolic volume (ESV).
To assess the systolic and diastolic ability of the myocar-
dium, the Left Ventricular Myocardial Performance Index
(LVMPI) was measured by measuring the mitral valve and
left ventricular outflow tract flow.

Follow-up cohort

Patients who use single-camber PPM on RV for 2 years will
be contacted for inclusion criteria screening and asked
for their willingness to be included in this study. Patients
who agree to participate will be asked to attend a check-
-up at the integrated heart service center polyclinic of
Dr. Soetomo Hospital, Surabaya. Participants will be pro-
vided an explanation of the procedures and objectives of
this study. Each respondent who agreed to participate in
the study will sign a letter of informed consent. Respon-
dents who agree will have their basic characteristics data
collected using a form (age, gender, comorbid diseases,
treatment history), ECG recording, PPM interrogation,
and transthoracic echocardiography.

Statistics
Baseline demographic, clinical, and echocardiographic
data were analysed using descriptive statistics and pre-

sented as means, standard deviations, counts, and percen-
tages. Multivariate analysis was performed to assess the
role of confounding variables, which was only performed
for variables with a p value <0.25 in the bivariate analysis.
Inferential analysis included normality testing using the
Kolmogorov-Smirnov test. Comparisons between groups
were performed using the paired t-test and independent
t-test if the data were normally distributed or the Wil-
coxon test or Mann-Whitney test if the data were not
normally distributed. Differences in categorical data were
assessed using the chi-square test if the sample was eligi-
ble or the Fischer exact test if the sample was not eligible.
A probability value of p <0.05 was considered statistically
significant. All statistical analyses were performed using
SPSS version 24.0 (SPSS Inc., Chicago, IL).

Results

Demographic data

In the results of the basic characteristics of the study sam-
ple, 56 patients were included, with 37 using RV apex
leads and 19 using RVOT leads. The average age of the
participants was 68.16 years (28-85 years). There were no
significant differences in the distribution of age between
the two groups (Table 1). AImost two-thirds of all partici-

Table 1 - Characteristics of the participants

Characteristics Category
Age, median (min-max)
Males
0,
sex, n (%) Females
No
0,
HTN, n (%) Yes
No
0,
DM, n (%) Yes
. No
0,
Smoking, n (%) Yes
. No
Consumption of alcohol, n (%)
- No
CAD family history, n (%)
LVEF Simpson’s baseline, mean (SD)
TAVB
PPM indication, n (%) :EAVB
Sinus Arrest
No
n 0,
Beta-blocker, n (%) Yes
Spironolactone, n (%) 39
! Yes
ACEI/ARB, n (%) 13
! Yes

Lead

RVOT Apex p-value
70 (35-85) 71 (28-83) 0.842
11(57.9) 10 27) .
8 (42.1) 27 (73.0) L
7 (36.8) 17 (45.9)

12 (63.2) 20 (54.1) s
15 (78.9) 26 (70.3)

421.1) 1129.7) BLp
12 (63.2) 30 (81.1)

7 (36.8) 7 (18.9) il
19 (100) 37 (100) -

19 (100) 37 (100) -
65.16 (4.84) 66.89 (4.88) 0.212
13 (68.4) 27 (73.0)

2(10.5) 5(13.5)

2 (10.5) 5 (13.5) g
2 (10.5) 0(0)

18 (94.7) 34(91.9)

1(53) 3(8.1) Loy
16 (84.2) 35 (94.6)

3(15.8) 2 (5.4) e
11 (57.9) 28 (75.7)

8 (42.1) 9(24.3) =

ACEI - angiotensin-converting enzyme inhibitors; AF — atrial fibrillation; ARB — angiotensin Il receptor blockers; CAD - coronary artery
disease; DM - diabetes mellitus; HDAVB - high-degree atrioventricular block; HTN — hypertension; LVEF - left ventricular ejection fraction;
PPM - permanent pacemaker; SD - standard deviation; TAVB - total atrioventricular node block.
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pants consisted of female patients (62.5%), with the rest
being male. There was a high prevalence of hypertension,
which was 32 patients (57.1%), which was evenly distri-
buted in both groups. There was also a fairly high pre-
valence of diabetes mellitus (26.8%) and smoking habits
(25%). None of the groups consumed alcohol or had a fa-
mily history of coronary heart disease. The average base-
line LVEF using Simpson’s BIPLANE method was 65.16% =+
4.84% in the RVOT lead group and 66.89% + 4.88% in the
apical lead group.

Complete heart block or total atrioventricular node
block (TAVB) was the most common indication for PPM
implantation in both groups, with a total of 40 patients
(71.4%), followed by high-degree atrioventricular node
block (HDAVB) in 7 patients (12.5%), atrial fibrillation
(AF) in 7 patients (12.5%), and sinus arrest in 2 patients
(3.6%). There were no significant differences between
the two RV pacing lead groups in terms of comorbid
diseases (hypertension, diabetes mellitus) or medication
consumption (ACE-inhibitors, ARBs, and MRA).

Comparison between the RV apex pacing vs. RVOT
with the occurrence of left ventricular systolic
dysfunction
The ejection fraction parameter used in the comparison
of pre- and post-PPM implantation was Simpson’s method
(BIPLANE). In the RV apex lead group, there was a signifi-
cant decrease in LVEF BIPLANE in the pre- and post-PPM
implantation conditions (p <0.001), with an average in
the pre-PPM group of 66.89% =+ 4.88% and in the post-
-PPM group of 59.48% =+ 9.75%. In the RVOT lead group,
there was no significant decrease in LVEF BIPLANE in the
pre- and post-PPM conditions, with a mean in the pre-
-PMM group of 65.15% * 4.84% and a mean post-PMM
of 64.76% = 5.53 (p value = 0.793). When comparing the
two lead groups in terms of pre- and post-PPM implanta-
tion conditions, no difference was observed between the
RVOT and RV apex groups pre-implantation, as they had
not yet been exposed to PPM (p = 0.212) (Fig. 1). After
PPM implantation, a significant difference was observed
between the two groups (p = 0.034). The average diffe-
rence (delta) in the decrease in LVEF BIPLANE between
the two lead groups also showed a significant difference
of 7.01% + 2.20% (p = 0.003).

In addition to LVEF BIPLANE, LV systolic function is de-
scribed by several other parameters, including LVEF A2C,
LVEF A4C, GLS 3D, and LVEF 3D. All LV systolic function

80 - - -
70 *p=0.003 .

*p=0.034
60
50 —

40 -

30— 66.89 64.76 59.48

Mean LVEF BIPLANE

20 —
10 —

0 -

RVOT Apex RVOT Apex

Pre-implantation Post-implantation

Fig. 1 - Comparison of the LVEF BIPLANE between the lead groups
before and after PPM implantation. There is a significant differen-
ce in the average BIPLANE LVEF values between the RVOT group
(64.76% = 5.53%) and the Apex group (59.48% + 9.75%) following
implantation. The average difference in BIPLANE LVEF between
the two groups was also significant (7.01% + 2.20%). In the RVOT
group, LVEF values remained relatively stable before and after im-
plantation, indicating that the functioning of the RVOT lead is clo-
sely aligned with normal heart function.

parameters showed significant differences between the
RV apex lead group and the RVOT lead group (Table 2),
namely LVEF A2C (p = 0.029), LVEF A4C (p = 0.038) and
LVEF 3D (p = 0.003). For the GLS parameter, there was
a lower average GLS in the RV apical lead group, with this
difference being significantly different from that in the
RVOT lead group (p = 0.031).

Figure 2 presents an example of a 3D LVEF report and
GLS obtained from the echocardiography machine used
in this study. Based on the validation study, the average
normal value of 3D GLS reported in the study ranged
from -15.80% to -23.40%, and the normal range of 3D
GLS was from —15.50% to —39.50%."” Based on the Ameri-
can Society of Echocardiography (ASE) Recommendations
for Cardiac Chamber Quantification in Adults in 2015, the
normal range of LVEF BIPLANE values is 53-73% in the
population; thus, an LVEF BIPLANE value <53% is catego-
rized as LV dysfunction.” From the results of the sample
analysis, it was found that 10 patients (27%) in the RV
apex lead group experienced LV dysfunction, whereas in
the RVOT lead group, only one patient (5%) experienced
a decrease in LVEF <53%, where this difference was sig-

Table 2 - Comparison of LV Systolic Function According to RV Apex and RVOT Lead Placement after PPM Implantation

Variable Lead Mean (SD) Median (min-max) p-value
LVEF AC ol B o 0.029
HERAAC /’iﬁfﬁll e ES‘éii 9 83:23; 0.038
6Ls 30 Apicl 11733 .89 e el 0031
e b So53 6 Smtesssey 0%

3D - three dimensional; GLS - global longitudinal strain; LVEF - left ventricular ejection fraction; SD - standard deviation.
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End-Systolic Strain | Longitudinal|

End-Systolic Strain [Longitudinal]

Anterior

Anterior

Fig. 2 - Three-dimensional echocardiography reports including EDV, ESV, SV, LVEF, GLS, and GCS. (A) 3D
echocardiography report of a patient with an RV pacing lead RVOT; (B) 3D echocardiography report of an
RV pacing patient with a lead in the RV apex. This feature demonstrates several advantages over BIPLA-
NE LVEF, including improved accuracy in assessing cardiac volume and more comprehensive visualization.
In this image, the average LVEF value for the RVOT group is notably higher than the LVEF (>53%).

EDV - end-diastolic volume; EDVI - end-diastolic volume index; ESV — end-systolic volume; ESVI - end-
-systolic volume index; GCS - global circumferential strain; GLS - global longitudinal strain; LVEF - left

ventricular ejection fraction; SV - stroke volume.

nificant (p = 0.011). From the results of the characteristics
of the research samples, there was one characteristic with
a significantly different distribution, namely gender.

Comparison between the RV apex pacing vs. RVOT
with the occurrence of left ventricular dilatation

Measurement of left ventricular size in the pacemaker
sample population based on similar studies uses the LVEDd
method and volume measurements (EDV and EDS). Based
on the ASE Recommendations for Cardiac Chamber Quan-

tification in Adults in 2015, the normal range of LVEDd va-
lues in men is 4.2-5.8 cm and in women it is 3.8-5.2 cm, LV
end-diastolic volume (LV EDV-2D) in men is 62-150 mL and
in women is 46-106 mL, then LV EDV values >150 mL in
men and 106 mL in women are categorized as LV dilation.
The normal range of LV end-systolic volume (LV ESV-2D) in
men is 21-61 mL and in women it is 12-42 mL, so LV ESV
values >61 mL in men and 42 mL in women are categori-
zed as LV dilation.'® From the results of the sample analy-
sis, only one parameter was significantly different, namely
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0.60

0.50 | *p=0001

0.40 —

0.30

Mean LVMPI (%)

0.20

0.10

0.00

RVOT RV apex

Fig. 3 - Comparison of LVMPI between both lead groups after PPM
implantation. The comparison of Left Ventricular Myocardial Per-
formance Index (LVMPI) between the two lead groups after PPM
implantation revealed that the RVOT group (0.35 + 0.07) had a sig-
nificantly lower LVMPI than the RV apex group (0.45 + 0.11). LVMPI
assesses the efficiency of the heart by measuring the time required
for left ventricular contraction and relaxation. The increase in LVM-
Pl values for the RV apex group, exceeding normal levels as shown
in the figure, indicates potential cardiac dysfunction.

the LVEDd value in men, obtained in the RV apex pacing
group, a larger LVEDd was obtained (4.90 + 0.44 cm) than
the RVOT lead (4.17 £ 0.39 cm, p = 0.01), but none of them
experienced LV dilation, and differences in EDV and ESV
parameters between groups were not significant (Table 3).
Based on the normal range values of the ASE Recommen-
dations for Cardiac Chamber Quantification in Adults, 6
out of 56 total patients experienced LV dilatation, among
whom one was from the RVOT lead group and five were
from the RV apex lead group, but no significant difference
was observed between the two groups (p = 0.155).

Comparison between the RV apex pacing vs. RVOT
with the occurrence of a decrease in the Left
Ventricular Myocardial Performance Index

The LVMPI is a parameter that can assess the systolic and
diastolic ability of the myocardium in one parameter, na-
mely the measurement of the mitral valve and left ven-

tricular outflow tract flow. The normal value range of
LVMPI is 0.38 + 0.05." This study showed that there was
a significant difference (p = 0.001) in LVMPI between the
RV apex lead and RVOT, with LVMPI in the RV apex lead
group of 0.45 = 0.11 and that in the RVOT lead group of
0.35 + 0.07, as shown in Figure 3.

Discussion

The rate of PPM implantation increases with age, with an
estimated 70-80% of all PPMs implanted in patients older
than 65 years.?’ Old age is a predictor of the incidence of
symptomatic heart failure among pacemakers undergoing
RV pacing.?' The mean age was similar to that of most of
the other studies (68.16 years). The main indication for
PPM implantation in Asia is total AV block (TAVB), whereas
sinus node dysfunction (SND) is more prevalent in Western
countries.?>2 This is also similar to the indications for PPM
implantation in this study population, with the highest
PPM implantation indication for both lead groups being
TAVB (71.4%), followed by high-degree AV block, and
SND. This study also considered hypertension and diabetes
mellitus as comorbidities and history of anti-remodelling
drug use, which could be confounding factors. However,
there were no significant effects of these factors on the
analysis; thus, multivariate testing was not performed.
This study found that there was one characteristic with
a significantly different distribution, namely gender. Our
analysis showed that this did not affect the difference in
LV dysfunction between the groups. However, one study
noted that males are more susceptible to PiCMP and the
development of hypertrophic cardiomyopathy.?* Further
research is needed to understand the effects of sex on LV
dysfunction and changes in cardiac structure.

RV pacing has a pathophysiological mechanism similar
to that of LBBB, causing delayed activation of the LV free
wall and electromechanical dyssynchrony. At the cellular
level, RV pacing induces changes in LV apoptosis path-
ways and calcium handling. Although transseptal conduc-
tion time is slower than LBBB and RV pacing can create
heterogeneity in wavefront propagation, it still causes
significant hemodynamic disturbances and heart failure.?

Table 3 - Comparison of left ventricular dimension parameters based on RV apex and RVOT lead placement after PPM implantation

Variable Lead Mean (SD) Median (min-max) p-value

LVEDd Men RVOT 4.17(0.39) 4.10 (3.60-4.90) 0.01
Apex 4.90(0.44) 4.90 (4.20-5.50) :
RVOT 4.15(0.23) 4.10 (3.80-4.50)

LoD s Apex 4.3 (0.74) 4.50 (2.70-5.60) Uess
RVOT 43.83 (26.04) 40.2(21.61-108.8)

el Apex 40.36 (9.54) 43.2(21.41-49.17) (res
RVOT 35.60 (13.24) 30.77 (25.29-65.81)

0ot R ol Apex 34.93 (12.19) 33.60 (15.59-61.23) L
RVOT 16.14 (7.79) 14.96 (7.47-29.80)

E3Y A LUlEm Apex 17.7 (7.97) 15.77 (9.01-34.77) sk
RVOT 13.55 (6.64) 14.12 (11.29-27.80)

AR Apex 14.57 (7.25) 13.40 (11.26-33.26) Ua Y/

2D - two dimensional; LVEDd - left ventricle end-diastolic diameter; SD - standard deviation.
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Electromechanical coupling allows the ventricular activa-
tion to start from the apex and extend toward the heart
base.?® However, during RV apex pacing, the propagation
of the electrical impulse is not through pacemaker cells
but rather from non-specific myocardial cells; thus, it is
slower. This phenomenon causes different directions of
electrical activation, resulting in inter- and intraventricu-
lar dyssynchrony and QRS duration prolongation.?” This
dyssynchrony will also cause less effective contraction,
which can lead to LV remodelling, dilation, asymmetric
hypertrophy, and functional mitral regurgitation, which
will increase the risk of LV systolic dysfunction, heart fail-
ure, and atrial fibrillation.®?%2° RVOT septal pacing has
the shortest QRS duration and the most effective lead-
site test results, making it a better choice for chronic RV
pacing because it is associated with improved LV dynam-
ics and involves the Purkinje network earlier.® However,
to date, there is no clear evidence showing the clinical
benefits of alternative RV pacing sites.

In this study, the use of ejection fraction parameters
with the modified Simpson’s method (BIPLANE) showed
that LVEF significantly decreased after PPM implantation
in the RV apex lead group. These results are in line with
several other studies that noted a significant decrease in
LVEF in the RV apex lead group after 2 years and other
studies that reported better LVEF and NT-proBNP results
in the RVOT lead group.'"* A previous study also showed
the superiority of RVOT leads in improving myocardial
perfusion defects compared with RV apex leads. However,
Stambler et al., 2003 did not find significant differences
in LVEF and quality of life between patients with RV apex
and RVOT leads after 9 months of implantation, which
may be due to the inclusion of patients with chronic atrial
fibrillation and previous LV dysfunction in the study."30-3?

In addition to LVEF BIPLANE, this study validated LV
systolic function using several other parameters, includ-
ing LVEF A2C, LVEF A4C, GLS 3D, and LVEF 3D. Signifi-
cant differences in LVEF A2C and A4C parameters were
predicted because the measurement of LVEF BIPLANE pa-
rameters is a combination of these two LVEFs. The 3D cal-
culation of LVEF is a more accurate and objective param-
eter for measuring the decline in LV systolic function. This
study found significant differences between the RV apex
and RVOT lead groups, with 27% of patients in the api-
cal lead group experiencing LV dysfunction, whereas no
patient in the RVOT group had LVEF <53%. The average
GLS was also lower in the RV apex lead group than in the
RVOT group, although both groups remained within the
normal range.” Other studies have shown a significant
decrease in 3D LVEF in this population and a negative
impact of RV apex pacing on LV synchrony and mechan-
ics. Lower LV peak GLS is associated with a higher risk of
developing PiCMP.20:33:34

This study also analysed the relationship between RV
apex and RVOT lead positions and the incidence of LV dila-
tation using left ventricular size measurement methods,
such as LVEDd, EDV, and ESV. The analysis showed that in
the apical RV pacing group, male LVEDd was larger, but
there was no LV dilatation. A previous study found no sig-
nificant difference in EDV before and 6 months after im-
plantation, although ESV showed significant dilatation af-
ter 7 days. Ventricular dyssynchrony due to RV pacing can

cause structural changes in the myocardium, such as asym-
metric hypertrophy and LV dilatation.?*** Other research-
ers have reported increased LVEDd in patients receiving
long-term apical RV pacing, whereas most patients did not
experience symptoms of heart failure after 20 years.?®

The last parameter analysed in this study was the rela-
tionship between the position of the RV apex and RVOT
leads with LVMPI. LVMPI is used to assess myocardial sys-
tolic and diastolic ability in one parameter (with measure-
ments of the mitral valve and left ventricular outflow tract
flow). This study showed a significant difference in LVMPI
between the RV apex and RVOT leads, with the LVMPI val-
ue in the RV apex lead group being 0.45 + 0.11, indicating
low cardiac performance in the RV apex lead group. A sim-
ilar study found that RV apex pacing was associated with
decreased LV pressure change rate and ventricular con-
traction dyssynchrony, which negatively affected stroke
volume and LV diastolic function. The results showed a sig-
nificant difference in LVMPI, where the RV apex lead had
lower cardiac performance (0.45 = 0.11) than the RVOT.*
Another study reported a higher mean MPI in the RV apex
pacing group (0.46 + 0.12) compared to the control.3® In
addition, a study noted impaired LV function in patients
receiving apical RV pacing after 10 years. The ‘triple con-
trol of relaxation’ theory explains that contraction dyssyn-
chrony due to RV apex pacing can interfere with ventricu-
lar relaxation, causing diastolic dysfunction.*®

Conclusion

There is a significant difference between the implantati-
on of PPM with RV apex pacing compared to RVOT and
the incidence of left ventricular systolic dysfunction, left
ventricular dilatation, and left ventricular myocardial per-
formance index after 2 years of implantation. There are
several weaknesses in this study, one of which is the small
sample size, and it was conducted at a single center. The
echocardiography machines and operators involved in me-
asuring pre-implantation samples and post-implantation
evaluations are different, which can cause bias. In additi-
on, the pacemaker brands used in this study were not the
same, which can also cause bias due to differences in mo-
dality. Similar studies need to be conducted by increasing
the number of samples and developed at the multicentre
level to strengthen the significance of the study. Further
research with an RCT or prospective cohort design will
strengthen the results of this study. The comparison of RV
pacing with left bundle branch pacing or his bundle pacing
also represents a promising prospective study for the futu-
re, as the procedure has demonstrated superior protection
of LV function in various recent studies, although its im-
plementation presents its own challenges. Routine LV eva-
luation through echocardiography in all recipients of sin-
gle-chamber RV pacing PPM implantation by performing
echocardiography once a year can also show the effect of
wider PPM lead placement and, most importantly, can de-
tect early LV dysfunction or remodelling.
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Kontext: Prevalence srde¢niho selhani (HF) u mladsich jedinc(i roste, coz zpochybriuje tradi¢ni vnimani HF
jako onemocnéni starSich dospélych. Tento trend ma vyznamné klinické a ekonomické disledky, protoze
HF vyzaduje celoZivotni lécbu, coz vede ke zvySenym nakladdm na zdravotni péci a ke snizené produktivité.
Cil: Cilem této studie je zkoumat klinické spektrum a zakladni rizikové faktory u pacientd s HF v mladém
véku.
Metoda: Tato studie s kontrolni skupinou byla provedena na kardiologické klinice Hasna Medika Hospital
v Cirebonu. Lécebnou skupinu tvofili pacienti s HF ve véku 17-40 let, ktefi byli vySetieni v ambulanci nebo
hospitalizovéani v obdobi od ledna 2023 do prosince 2023. Kontrolni skupinu tvofili pacienti bez srde¢niho
selhani ve véku 17-40 let, ktefi byli rovnéz Iéceni v ambulanci nebo hospitalizovani ve stejném obdobi. De-
mografické udaje, rizikové faktory a komorbidity, jako je hypertenzni srde¢ni onemocnéni (HHD), ischemic-
ka choroba srdecni (ICHS), diabetes mellitus 2. typu (DM2), fibrilace sini (FS) a chronické onemocnéni ledvin
(CKD), budou analyzovany jak bivariatné, tak multivariatné.
Vysledky: Celkem 190 vzorkd ukazuje, Ze nejvyssi podil tvofi zeny, pficemz 53,7 % Zen jsou pacientky s HF
a 55,8 % Zen jsou pacientky bez HF. Podil pacientu se srdec¢nim selhanim se zachovanou ejekéni frakei (HF-
PEF) je nejvyssi u pacientl s ICHS (35,42 %). ICHS a HHD jsou vyznamné (p < 0,001) asociovany s HF ve velmi
mladém véku s pomérem Sanci (OR) 18,38 (95% interval spolehlivosti [CI] 6,86-49,29) a 4,39 (95% Cl 2,19-
8,83). Multivaria¢ni analyza v kone¢ném modelu ukazuje, Ze ICHS a HHD jsou vyznamné spojeny se srde¢nim
selhanim ve velmi mladém véku, s OR ICHS 15,57 (95% Cl 5,72-42,34) a OR HHD 3,2 (95% CI 1,46-7,01).
Zavér: Srdecni selhdni se miZe rozvinout v mladém véku, pficemz ICHS a HHD jsou vyznamnymi prediktory.
© 2026, CKS.

ABSTRACT

Background: The prevalence of heart failure (HF) in younger individuals is rising, challenging the traditional
perception of HF as a disease of older adults. This trend carries significant clinical and economic implications,
as HF requires lifelong management, leading to increased healthcare costs and reduced productivity.
Objective: This study aims to investigate the clinical spectrum and underlying risk factors of HF patients at
young age.

Method: This case-control design study was conducted at HF Clinic of Hasna Medika Hospital in Cirebon.
The case group were HF patients aged 17-40 years who were examined at outpatient clinic or admitted to
hospital between January 2023 and December 2023. The control group were non-HF patients aged 17-40
years who were also treated at the outpatient clinic or admitted to hospital during the same period. De-
mographics data, risk factors, and comorbidities such as hypertension heart disease (HHD), coronary artery
disease (CAD), type 2 diabetes mellitus (T2DM), atrial fibrillation (AF), and chronic kidney disease (CKD) will
be analyzed both bivariate and multivariate.
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Results: A total of 190 sample shows that the highest proportion are female, with 53.7% female being HF
patients and 55.8% female being non-HF patients. The proportion of patients with HFpEF is the highest in
patients with CAD (35.42%). CAD and HHD are significantly (p <0.001) associated with HF at a very young
age with an OR 18.38 (95% Cl 6.86-49.29) and 4.39 (95% Cl 2.19-8.83), respectively. Multivariate analysis in
the final model shows that CAD and HHD are significantly associated with HF at a very young age, with an
OR of CAD 15.57 (95% Cl 5.72-42.34) and OR of HHD 3.2 (95% Cl 1.46-7.01).

Conclusion: Heart failure can develop at a young age with CAD and HHD being a significant predictor.

Introduction

Heart failure (HF) is a clinical syndrome that affects all or-
gans in the body. It is associated with high mortality and
reduced quality of life." The data from Heart Failure Soci-
ety of America (HFSA) showed that the number of people
with HF in America is expected to reach 8.5 million by 2030,
with one in four people affected by HF. In Southeast Asia
region, Indonesia ranks second in HF prevalence and has
the highest 1-year crude mortality rate at 34% compare to
other Asia country.?* The data from HFSA also showed that
HF occurs mostly in people over the age of 60, who are 20
times more likely to develop HF than people under the age
of 60. However, studies conducted in Indonesia found that
the average age of HF patients in Indonesia is 57 years old,
which indicates younger HF patients.?*

The prevalence of HF at a young age shows a signi-
ficant increase, with an estimated 10% of HF patients
under the age of 50. According to the French National
Hospitalization Database, 4.7% of all HF patients are
young (18-50 years). These young HF patients have a li-
near increase in traditional risk factors for ischemic heart
disease such as hypertension, diabetes, smoking, obesi-
ty and dyslipidemia.>® A study indicates that, in general,
patients suffering from HF in Asia are younger than in
Europe and America. However, they exhibit the highest
prevalence of comorbidities, including renal dysfunction
and diabetes. A more in-depth evaluation of the causa-
tive risk factors is needed.”

The development of HF at a young age is multifactorial,
involving both cardiovascular and systemic contributors.
Hypertension-induced cardiac remodelling, early-onset
coronary artery disease (CAD), diabetes, atrial fibrillati-
on (AF), and chronic kidney disease (CKD) would become
a frequently found etiology in young patients with HF.?

The increase of HF incidence at a young age will lead
to an increased economic burden of HF treatment, as HF
treatment requires lifelong therapy.® Although the glo-
bal economic burden of HF is not clearly known, the cost
of HF therapy accounts for 2% of total healthcare costs
in some countries and is increasing. For example, data in
Korea shows that the cost of therapy for HF patients has
increased by 50% in the last 5 years."®

Reduced quality of life and work productivity in young
patients with HF is also a major concern.''2 This is be-
cause poor quality of life in HF patients is associated with
a poor prognosis.”® Based on some of the explanations
above, assessing the risk of HF as early as possible will
be very beneficial in reducing mortality, morbidity, eco-
nomic burden and maintaining quality of life. This study
aims to investigate the clinical spectrum and underlying
risk factors of HF patients at young age.

Methods

Study design and participants

This study was conducted at the HF Clinic of Hasna Me-
dika Hospital in Cirebon, utilizing a case-control design.
Hasna Medika Cirebon Hospital was selected as the study
site due to its role as a referral center for heart disease in
the Cirebon city region. The case-control design was cho-
sen based on the premise that heart failure (HF) cases in
patients under 40 years of age are relatively uncommon,
necessitating a comparative approach to identify poten-
tial risk factors.

The case group consisted of patients aged 17-40 years
diagnosed with HF who were either examined at the out-
patient clinic or admitted to the hospital between Janua-
ry 2023 and December 2023. To provide a robust compa-
rison, the control group comprised patients aged 17-40
years who did not have a diagnosis of HF but were also
treated at the outpatient clinic or admitted to the hos-
pital within the same timeframe. This approach ensures
that both groups share similar healthcare-seeking behavi-
ors, minimizing potential selection bias.

To enhance the granularity of analysis, patients in
both groups were stratified into three age subcategories:
17-24 years, 25-32 years, and 33-40 years, allowing for
a more precise evaluation of age-related risk factors. To
maintain the validity of comparisons and eliminate con-
founding factors, patients with congenital heart disease
and rheumatic heart disease were excluded from both
case and control groups. This exclusion criterion ensures
that the study specifically investigates acquired causes
of HF in younger individuals rather than conditions with
a congenital or inflammatory etiology.

Data collection

The sample’s medical records included demographics
data, risk factors, and comorbidities such as hypertension
heart disease (HHD), coronary artery disease (CAD), type
2 diabetes mellitus (T2DM), atrial fibrillation (AF), and
chronic kidney disease (CKD). Other data collected were
the results of echocardiograms that categorized patients
according to ejection fraction (EF), those are patients with
heart failure with preserved ejection fraction (HFpEF), he-
art failure with mildly reduced ejection fraction (HFmrEF)
and heart failure with reduced ejection fraction (HFrEF).

Data analysis

Clinical characteristics of patients were presented in fre-
quency and percentages. Bivariate analysis was assessed
with Chi-square or Fisher exact test. Variables with p va-
lue <0.25 were included in a multivariate analysis model.
Multivariate analysis was assessed using logistic regre-



26 Clinical Spectrum and Risk Factors for HF in Very Young Patients

eee

= HFpEF
= HFmrEF
= HFrEF

Fig. 1 - Heart failure categories based on ejection fraction. (A) In the overall sample aged 17-40 years, (B) in female aged 17-40 years,
(C) in male aged 17-40 years

HFmrEF - heart failure with mildly reduced ejection fraction; HFpEF — heart failure with preserved ejection fraction; HFrEF - heart failure
with reduced ejection fraction.
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Fig. 2 - Heart failure categories in HF patients with (A) CAD and (B) HHD comorbidity.
HFmrEF - heart failure with mildly reduced ejection fraction; HFpEF — heart failure with preserved ejection fraction; HFrEF - heart failure

with reduced ejection fraction

ssion through the backward method to obtain the final
model. Data will also be sub-analyzed on the proportion
of HF in the young population by EF, sex, CAD, HHD, and
age group. The significance value in bivariate and multi-
variate analysis was p <0.05.

Results

A total of 190 sample shows that the highest proportion
are female, with 53.7% female are HF patients and 55.8%
female are non-HF patients. The age range of patients
with HF is mostly 33-40 years (71.6%), with a mean age
of 34.2 years. The majority of patients analyzed in this
study lived in Cirebon and only a few patients who came
from Majalengka. When comparing HF and non-HF pati-
ents, CAD (50.5% vs 5.3%), HHD (43.2% vs 14.7%), T2DM
(10.5% vs 0%), AF (2.1% vs 0%) and CKD (6.3% vs 0%) are
relatively more common in HF patients.

This study (Figs 1A-1C) find that the majority of HF pa-
tients aged 17-40 years has HFpEF (38.95%). Sub-analysis
of the data shows that female patients have more HFpEF
(43.14%) while male patients have more HFrEF (43.18%).

Figures 2A and 2B show that the proportion of patients
with HFpEF is the highest in patients with CAD (35.42%).

38.89% st
N 0

55.56%

16.67% 30.88%

44.44%

36.76%

17-24Y.0 25-32Y.0 33-40Y.0

® HFpEF  m HFmrEF  w HFrEF

Fig. 3 - HF categories in patients aged 17-24 years, 25-32 years,
and 33-40 years.

In contrast, the majority of patients with HHD has HFpEF,
followed by HFmrEF and HFrEF at 60.98%, 21.95%, and
17.07% respectively. In the youngest age group (17-24
years), more than half of the patients has HFrEF (55.56%).
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Table 1 - Bivariate analysis of variables

p-value OR 95% Cl (lower-upper)
Male 0.771 1.09 0.62-1.93
Age group (years)
17-24 0.009 1
25-32 0.340 1.62 0.60-4.33
33-40 0.007 3.31 1.39-7.84
CAD <0.001 18.38 6.86-49.29
HHD <0.001 4.39 2.19-8.83
T2DM 0.99 - -
AF 0.568 2.02 0.18-22.68
CKD 0.99 - -

AF - atrial fibrillation; CAD - coronary artery disease; CKD - chro-
nic kidney disease; HHD - hypertensive heart disease; T2DM - type
2 diabetes mellitus.

Whereas in the age 25-32 years and 33-40 years, HFpEF is
predominant (44.44% and 36.78%, respectively) (Fig. 3).

Based on bivariate analysis (Table 1), there is a higher pro-
portion of HF in the 33-40 years age group compared to the
17-24 years age group (OR 3.31, 95%Cl 1.39-7.84). The data
also show that CAD and HHD are significantly (p <0.001) as-
sociated with HF at a very young age with an OR 18.38 (95%
Cl 6.86-49.29) and 4.39 (95% CI 2.19-8.83), respectively.

Multivariate analysis in the final model (Table 2) also
shows that CAD and HHD are significantly associated with
HF at a very young age, with an OR of CAD 15.57 (95% ClI
5.72-42.34) and OR of HHD 3.2 (95% Cl 1.46-7.01). The fi-
nal model from the multivariate analysis had a predictive
value of HF at young age (Y) = 19.317 (Constant) + 2.745
(CAD) + 1.163 (HHD).

Discussion

This study found a total of 95 HF patients at a young age
(17-40 years) in a year. This number may be relatively
small compared to the total number of HF patients. Ho-
wever, it is important to understand that these patients
will undergo treatment for the rest of their lives and it
will greatly affect their quality of life. These patients may

also experience the risk of deterioration leading to death.
A study at South Korea showed that the prevalence of
HF based on gender at the age of 40 was similar, but it
increases more in male than female at the age of 55. Then
after 70 years old, it will be more in female than in male.™
However, in this study, the proportion of young HF pati-
ents is higher in females than in males. These different
data may be possible due to the prevalence of different
risk factors in this study. These requires a deeper under-
standing by looking at several other risk factors.

Age-related pathways in HF

Systemic changes and cellular physiology will contribute to age-
-related alterations in the structure and function of the heart.
Aging will increase the thickness of left ventricular wall and dec-
rease in the regenerative capacity of heart muscle. Regenerati-
on capacity is related to cardiomyocyte death and fibrosis in the
heart muscle.™ This study also found that the 35-40 age group
suffered the most from HF (71.6%) compared to other younger
age groups (17-24 and 25-32 years). Other studies that describe
the proportion of HF at a young age are still very rare. The data
from the MAGGIC study found that the proportion of HF pati-
ents <40 years old was 63%."® The systemic and heart structure
changes that have occurred at a young age indicate the possibi-
lity of the cardiomyocyte damage occurring much earlier. The
data from this study also show that a decrease in EF <40% has
already occurred in the majority of patients aged 17-24 years
(55.56%). The proportion of HFrEF cases in other age groups is
not low either. Although studies show no significant difference
in mortality in HFrEF, HFmrEF, or HFpEF."”

Aging is undoubtedly an independent risk factor for
HF. Even without overt injury, structural and functional
changes to the heart will still occur with aging. Normal
aging generally appears to be a thickening and stiffening
of the left ventricular wall, especially the septum, dilata-
tion of the left atrium, and increased fibrosis of the heart
muscle.’® However, in the HF cases at a very young age as
in this study, other risk factors must have a major effect
in causing damage to the heart structure. Traditional risk
factors for ischemic heart disease need to be considered.™

Coronary artery disease and hypertension:

a deadly combination

Any CAD that occurs before the age of 55 years in male
or 65 years in female is called ‘premature’ CAD. Prematu-
re CAD is associated with poor long-term outcomes, with

Table 2 — Multivariate analysis of variables

Full model Final model
Coefficient b p-value OR (95% Cl) Coefficient b p-value OR (95%Cl)

Age group (years)
17-24 0.659 1
25-32 0.322 0.557 1.38 (0.47-4.05) = = =
33-40 0.45 0.362 1.57 (0.6-4.13)
CAD 2.66 <0.001 14.32 (5.17-39.67) 2.745 <0.001 15.57 (5.72-42.34)
HHD 1.13 0.005 3.1(1.41-6.81) 1.163 0.004 3.2 (1.46-7.01)
Constant -1.24 19.317

CAD - coronary artery disease; HHD - hypertensive heart disease.
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Table 3 - Baseline characteristics of study sample

Variables Total HF patients Non-HF patients
(n = 190) (n=95) (n=95)

Gender

Female 104 (54.7) 51 (53.7) 53 (55.8)

Male 86 (45.3) 44 (46.3) 42 (44.2)

Age group (years)

17-24 30 (15.8) 9(9.5) 21 (22.1)

25-32 44 (23.2) 18 (18.9) 26 (27.4)

33-40 116 (61.1) 68 (71.6) 48 (50.5)

Mean + SD 32.41+6.36 34.23+5.58 30.59+6.59

Residence

Cirebon 146 (76.8) 70 (73.7) 76 (80)

Kunngan 11 (5.8) 7 (7.4) 4(4.2)

Indramayu 11 (5.8) 9 (9.5) 2(2.1)

Majalengka 7(3.7) 2(2.1) 5(5.3)

Others 15 (7.9) 7(7.4) 8(8.4)

CAD

No 137 (72.1) 47 (49.5) 90 (94.7)

Yes 53 (27.9) 48 (50.5) 5(5.3)

HHD

No 135 (71.1) 54 (56.8) 81 (85.3)

Yes 55 (28.9) 41 (43.2) 14 (14.7)

T2DM

No 180 (94.7) 85 (89.5) 95 (100)

Yes 10 (5.3) 10 (10.5) 0

AF

No 187 (98.4) 93 (97.9) 94 (98.9)

Yes 3(1.6) 2(2.1) 1(1.1)

CKD

No 184 (96.8) 89 (93.7) 95 (100)

Yes 6(3.2) 6 (6.3) 0

AF - atrial fibrillation; CAD - coronary artery disease; CKD - chro-
nic kidney disease; HF — heart failure; HHD - hypertensive heart
disease; T2DM - type 2 diabetes mellitus.

an estimated 4-10% experiencing an acute myocardial
infarction. Understanding the process of premature CAD
is very important to prevent the increasing prevalence of
CAD at a young age.'2°

Based on the baseline characteristics in this study (Ta-
ble 1), the proportion of CAD in HF patients was 50.5%
compared to 5.3% in non-HF patients. This shows that
half of HF patients have CAD at a young age, which can
be called premature CAD. The cause of CAD at a young
age is thought to be multifactorial based on several stu-
dies. An observational study has found that ethnicity, in-
flammatory diseases and behavioral risk factors are asso-
ciated with the occurrence of premature CAD. Identifying
healthy young populations at risk of early-onset CAD is
challenging due to the limited number of studies quan-
tifying risk factors and the limited sensitivity of existing
screening modalities. Similarly, in terms of prevention
in young people at risk of CAD, statin recommendations
have not been made in the under-40 age group due to
limited trials.20-2

Studies show that the most common cardiovascular
risk factors for CAD are smoking, dyslipidemia, and fa-
mily history of premature CAD. These three conventional

risk factors are early signs of CAD. Smoking behavior can
be intervened with education to quit smoking, as well as
dyslipidemia can be intervened with good dietary chan-
ges. However, a family history of premature CAD requi-
res confirmation of genetic analysis which not all health
services can perform.?:24

Globally, hypertension ranks third among the major
risk factors for cardiovascular disease. Data from the In-
donesian Health Survey in 2023 showed that the preva-
lence of hypertension in the age group of 18-24 years
was 10.7% and 17.4% in the age of 25-34 years. Hyper-
tension is often referred to as the ‘silent killer’ because
complications can occur without obvious symptoms.2>2¢

This study revealed that almost half of the patients
diagnosed with heart failure (43.2%) had hypertension,
in comparison to only 14.7% of patients diagnosed with
non-heart failure who had hypertension (Table 3). The
Hypertension Society recommends that hypertensive pa-
tients under the age of 40 should be referred to a hyper-
tension specialist to exclude secondary hypertension and
determine the optimal therapeutic regimen. It is impor-
tant to note that young patients who experience hyper-
tension-mediated organ damage (HMOD) are at risk of
death from cardiovascular disease, as this condition will
not fully reverse.?”%8

Hypertensive heart disease (HHD) is currently the se-
cond most common cause of HF. HHD has been associa-
ted with left ventricular morphological changes and ab-
normalities in left ventricular function, with signs of left
ventricular hypertrophy. The co-occurrence of HHD and
CAD is particularly deleterious, especially in younger
age. The present study utilizes both bivariate and mul-
tivariate analyses to demonstrate an unequivocal associ-
ation between CAD and HHD with HF in young age.?3°
This study found that CAD increased the risk of HF at
ayoung age by 15 times, while HHD increased the risk by
3 times. Consequently, it can be deduced that patients
who have been diagnosed with CAD, HHD, or both at
a young age are likely to face a significantly higher risk
of developing HF.

The younger the age the worse the prognosis

Heart failure at a very young age is not common, but
when it does occur, the prognosis and health burden
are worse. Even in younger patients, especially those
<40 years of age, cardiovascular events remain frequent,
with mortality rates reaching more than 10% within one
year.?' Studies showed that the likelihood of reduced life
expectancy is very high for HF diagnosed between the
ages of 20 and 36. By the age of 20, the estimated loss of
life expectancy reaches 36 years in 50% of HF patients.'232
Based on a global meta-analysis study of chronic heart
failure (MAGGIC), young people with HF have different
clinical characteristics, including different etiologies,
more severe left ventricular dysfunction, but less severe
symptoms. The more severe the left ventricular function,
the greater the likelihood of fibrosis of the heart muscle.
This puts the patient at a greater risk of fatal arrhythmi-
as leading to death.'®3? Current recommendations for HF
therapy, particularly in HFrEF, are optimal for reducing
the risk of death in HF patients. However, specific data on
very young patients are still lacking.'®
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Limitation and future research

This study has some limitations that must be conside-
red. First, this study was only conducted in one hospital,
a cardiovascular center hospital, therefore the populati-
on involved as a research sample may not represent the
data in a larger population. Second, there are no data
on behaviors such as smoking, exercise, diet, which may
also influence the presence of CAD or HHD as a major risk
factor. Third, the laboratory data were incomplete, so it
could not be analyzed thoroughly. Fourth, this study did
not include details of the HF subset that occurred in the
patients, so the possibility of cardiomyopathy or myocar-
ditis as one of the variables could not be excluded. Future
studies that are more thorough and detailed are needed
to understand the risk factors for someone who develops
HF at a very young age.

Conclusions

Heart failure is plausible in young age with a clinical
spectrum predominantly of preserved ejection fraction.
Early CAD and HHD are important predictors of heart fai-
lure at a young age. Effective risk factor prevention and
screening strategies are imperative for high-risk young
age groups.
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Kontext: K implantaci permanentnich kardiostimulatord se doporucuji klasické kardiostimulatory (conven-
tional pacemaker, C-PM); diky technickému pokroku jsou dnes na trhu jiz bezdratové kardiostimulatory
(leadless pacemaker, L-PM). Neustéle se aktualizujici klinické doporucené postupy berou pfi vybéru kardio-
stimulatoru v potaz i kvalitu Zivota (quality of life, QoL), pficemz se predpoklada, ze ta je v pfipadé L-PM
vys$si vzhledem k omezenému vzniku komplikaci v souvislosti s elektrodami, variabilita v kritériich pro vybér
pacientl v§ak miru této prednosti snizuje. Cilem tohoto systematického prehledu je porovnat QoL hodnoce-
nou samotnymi pacienty s L-PM versus C-PM.
Metody: Pfi resersi na dané téma se v databazich PubMed, EMBASE, Cochrane CENTRAL, Science Direct,
Scopus, ProQuest, Google Scholar a Wiley Online Library vyhledavaly ¢lanky publikované v letech 2015 az
2025. Vyhledané studie srovnavaly QoL, hodnocenou pomoci dotazniku SF-36, pti implantaci L-PM nebo
C-PM. Ke stanoveni rizika byl pouzit néstroj ROBINS-I. Mezi analyzované polozky dotazniku SF-36 patfily
fyzické fungovani (physical functioning, PF), fyzicka omezeni (role physical, RP), télesna bolest (bodily pain,
BP), vSeobecné zdravi (general health, GH), vitalita (VT), socialni fungovani (social functioning, SF), emocni
problémy (role emotional, RE), dusevni zdravi (mental health, MH), souhrn fyzickych slozek (physical compo-
nent summary, PCS) a souhrn dusevnich slozek (mental component summary, MCS).
Vysledky: Z celkového poctu 5 280 studii jich zarazovaci kritéria splnily tfi se 468 pacienty a s celkové stiedné
vysokym rizikem. Ve vstupnich hodnotdch QoL nebyly nalezeny zadné statisticky vyznamné rozdily mezi
L-PM versus C-PM (p > 0,05). V pfipadé L-PM bylo zjisténo statisticky vyznamné vyssi skore PCS a MCS po
1 tydnu, lepsi PF, RP, BP, VT, GH a MCS po 1 a 3 mésicich, a setrvale lepsi vysledky v PF, RP, MH, a PCS po
6 mésicich ve srovnani s C-PM (p < 0,05).
Zavéry: Kardiostimulatory L-PM si v doméné QoL fyzického zdravi vedly Iépe nez C-PM, pravdépodobné diky
mensimu strachu z komplikaci a mensimu omezeni aktivit. Superiorita dusevniho zdravi nebyla ve studiich
jednoznacnd, coz ukazuje na nutnost dalsiho vyzkumu.

© 2026, CKS.

ABSTRACT

Background: Conventional pacemakers (C-PM) are recommended for permanent pacemaker implantation,
but developments have led to leadless pacemakers (L-PM). Evolving clinical guidelines support quality of life
(Qol) in pacemaker selection, with L-PM hypothesized to offer better QoL by minimizing lead-based compli-
cations, but variability in patient selection criteria complicates this. This systematic review aims to compare
patient-reported QoL in L-PM versus C-PM.

Methods: A literature search was done on PubMed, EMBASE, Cochrane CENTRAL, Science Direct, Scopus,
ProQuest, Google Scholar, and Wiley Online Library from 2015 to 2025. Included studies compared QoL
between L-PM and C-PM using the SF-36 questionnaire. The ROBINS-I tool was used for assessing the risk of
bias. Physical functioning (PF), role physical (RP), bodily pain (BP), general health (GH), vitality (VT), social
functioning (SF), role emotional (RE), mental health (MH), physical component summary (PCS), and mental
component summary (MCS) were the SF-36 questionnaire outcomes analysed.
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Results: From 5280 studies, three met the inclusion criteria, encompassing 468 patients, with an overall
moderate risk of bias. Baseline QoL showed no significant differences between L-PM versus C-PM (p >0.05).
L-PM had significantly higher PCS and MCS at 1 week, better PF, RP, BP, VT, GH, and MCS at 1 and 3 months,
and sustained better PF, RP, MH, and PCS at the 6-months than C-PM (p <0.05).

Conclusions: L-PM scored better physical health QoL than C-PM, likely due to less fear of complications and
fewer activity restrictions. Mental health superiority is inconsistent across studies, highlighting the need for
further research.

. Pubmed Cochrane CENTRAL EMBASE ScienceDirect

Introduction (= 2216) = 4) (n=6) (1= 42)

I I I I

Cardiac pacemakers are crucial to treat conduction pro- Scopus Online Wiley Library || ProQuest || Google Scholar

blems such as bradycardia, atrial fibrillation, and ventri- 5 (n = 45) (n = 156) (n = 2376) (n = 435)

cular arrhythmias.! Permanent pacemakers are implanted g L ] | ]

in patients with persistent conduction problems, such as = v

sinus node dysfunction and atrioventricular block. Perma- ﬁ Total potential articles from electronic databases by keyword

e (n = 5280)

nent pacemakers can be classified as leadless pacemakers

(L-PM), such as the Micra™ by Medtronic PLC and Nanos- -

tim™ by St. Jude Medical, or conventional pacemakers D DUp“(iat_eigzgoved

(C-PM), such as single-chamber, dual-chamber, or biven- -

tricular pacemakers.?® Despite their known effectiveness, ¥

. . Records after duplicates removed

C-PMs have a number of unwanted complications, such " (n = 3324)

as infection, lead dislodgement, tricuspid valve invol- s

vement, pneumothorax, hemothorax, and thrombosis. § Exclision basad G

L-PM, which is a self-contained device that is implan- m $ screening title and abstract

ted directly into the right ventricle via femoral access, is (n=3318)

a cutting-edge substitute for C-PM because they do not v

require transvenous leads and subcutaneous pockets.3 Full articles assessed for eligibility

Quality of life (QolL) is an important deciding factor (n=6)

for the patient when deciding which type of pacemaker

to implant. By improving restraints on physical activity - Articles excluded

post-procedure, aesthetic concerns, and psychological dis- 5 * Not written in English

tress, L-PMs are hypothesized to provide better QoL out- 2 + Temporary pacemaker
comes.*® To our knowledge, this is the first systematic re- J :ncorrem study design
$ -« Incorrect study setting
» Published >10 years
e Age <18 years old
 HatiB ey
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Leadless Conventional Quality 5 Literatiire inclided
pacemaker pacemaker of life B )
OR OR OR
Transcatheter Traditional Life quality Fig. 1 - Study search flowchart for systematic review
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Micra TR ETGUE Patient-reported view focusing exclusively on SF-36-based patient-reported
pacemaker QoL outcomes comparing L-PM and C-PM. This systematic
OR OR OR review aims to compare the QoL outcomes of L-PM and
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Nanostim Single-chamber L-PM and provide guidance for future decision-making by
pacemaker combining the existing literature that directly evaluates
OR patient-reported QoL using the SF-36 questionnaire.
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o Methods
Biventricular A literature search was conducted in PubMed, EMBASE,
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D1: Bias due to confounding.
D2: Bias due to selection of participants.
D3: Bias in classification of interventions.

D4: Bias due to deviations from intended interventions.

D5: Bias due to missing data.
D6: Bias in measurement of outcomes.
D7: Bias in selection of the reported result.

Fig. 2 - Risk of bias assessment for included studies

Google Scholar, and Online Wiley to compare the QoL of
patients with L-PM and C-PM using various databases from
2015 to 2025, using Boolean operators and related terms
(Table 1). We followed the PRISMA 2020 criteria to report

the study’s results.” The study assessed literature titles and
abstracts based on eligibility criteria, including original re-
search comparing QoL between L-PM and C-PM in adult
patients over 18 years old, and articles written in English,

Table 2 - Systematic review study characteristics

Author

Year
Country
Study design

Inclusion

Exclusion

Sample size

Follow-up
duration

QoL measures

Cabanas-Grandio, et al.
2019
Spain

Prospective, multi-center,
observational study

(a) Patients with indications for single-
-chamber pacemaker implantation
according to local clinic practice

(b) Absence of cognitive impairment
and ability to complete SF-36
questionnaire

(c) Ability to provide written
informed consent

(d) Age > 18 years old

(e) Data from December 2016 to
March 2018 from 4 tertiary
hospitals in Spain (Hospital Alvaro
Cunqueiro, Hospital Germans
Trias i Pujol, Hospital Clinico
Universitario, Hospital Virgen de
la Salud)

(a) Surgical intervention or invasive
treatment 3 months before
the single-chamber pacemaker
implant

(b) Indication for any other surgical
intervention at the moment of
implantation

106 patients (64 C-PM, 42 L-PM)

6 months and 2 out of 4 centres
performed follow-up at 1 month

SF-36 questionnaire and additional
guestionnaires

Characteristics
Palmisano, et al.
2021
Italy

Prospective, single-center,
propensity-scored matching,
observational study

(a) Patients that met class | or 1l ESC
guideline recommendations on
de novo ventricular pacing

(b) Age > 18 years old

(c) Data from February 2016 to May
2020 from Cardinale Giovanni
Panico General Hospital, Italy

(a) Patients who underwent L-PM
implantation after the extraction
of a C-PM

(b) Patients who underwent
C-PM implantation after an
unsuccessful attempt to implant
an L-PM

243 patients (91 C-PM, 152 L-PM)
After propensity-scored matching
(77 C-PM, 77 L-PM)

1 week, 3 months, 6 months

SF-36 questionnaire

Yu, et al.
2023a
China

Prospective, single-center,
observational study

(a) The patients had indications for
pacemaker implantation

(b) Absence of cognitive impairment
and ability to complete SF-36
questionnaire

(c) Ability to provide written
informed consent

(d) Age > 18 years old

(e) Data from January 2020 to March
2023a from Beijing Anzhen
Hospital, China

(a) Patients that had surgical
intervention or invasive
treatment 3 months before
the pacemaker implantation

(b) Patients that had other
indications for surgical
intervention at the time of
pacemaker implantation

119 patients (84 C-PM, 35 L-PM)
1 month, 3 months

SF-36 questionnaire and additional
questionnaires

C-PM - conventional pacemaker; ESC - European Society of Cardiology; L-PM - leadless pacemaker; QoL - quality of life; SF-36 — short-form
health survey questionnaire.
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while exclusion criteria included non-English, temporary
pacemaker studies, review articles, and no full-text avai-
lability (Fig. 1). Two reviewers independently assessed the
risk of bias using the ROBINS-I tool, which is appropriate
for observational studies.® The reported ROBINS-I tool is
visually shown using the Robvis traffic light plot figure
(Fig. 2).° A meta-analysis was not conducted due to hete-
rogeneity in follow-up durations, outcome reporting, and
patient populations.

This review compares the QoL of patients with L-PM
versus C-PM. The primary QoL measure used for data
extraction and analysis is the SF-36 questionnaire, with
additional comparisons including patient characteristics,
comorbidities, and pacing indications. Two independent
reviewers conducted data extraction to ensure accuracy
and consistency. Any discrepancies were resolved through
discussion and consultation.

Results

A comprehensive literature search across 8 databases
found 5280 articles, with 1956 duplicates excluded and
3324 screened (Fig. 1). Six articles were examined in full
text, two for lack of full text, and one for not being wri-
tten in English.’®"? Three studies were selected for critical
appraisal, showing an overall moderate risk of bias, accor-

ding to the ROBINS-I tool (Fig. 2). This systematic review
of three studies involving 468 patients evaluated the QoL
of patients with L-PM compared to C-PM.%'3'* Although
the studies shared a prospective observational design, di-
ffered in follow-up time points, and used the same QoL
measure, these minor variations did not affect the overall
comparability of the findings (Table 2).

The SF-36 questionnaire was used in studies to mea-
sure baseline QoL (Table 3). There were no significant dif-
ferences in QoL between L-PM and C-PM in any of the SF-
36 domains at baseline in all three studies (p >0.05).2'34

Table 3 presents the results of studies comparing L-PM
and C-PM at different follow-up intervals. All three stud-
ies used the SF-36 questionnaire to measure Qol in vari-
ous domains, including physical functioning (PF), social
function (SF), role physical (RP), role emotional (RE),
mental health (MH), bodily pain (BP), vitality (VT), gen-
eral health (GH), physical component summary (PCS), and
mental component summary (MCS).2'*'* Palmisano et
al.’s study found that at a one-week follow-up, patients
with L-PM showed significantly higher scores for PF, SF,
RP, RE, BP, VT, GH, PCS, and MCS compared to those
with C-PM, indicating quicker short-term improvements
in their QoL (p <0.05).” Studies by Cabanas-Grandio et
al. and Yu et al. found higher scores for PF, RP, and PCS
in L-PM compared to C-PM at the 1-month follow-up (p
<0.05).2" Yu et al. also reported higher scores for RE, BP,

Table 3 - SF-36 questionnaire results comparing L-PM and C-PM at baseline and follow-ups

SF-36 Cabanas-Grandio, 2019 Palmisano, 2021 Yu, 2023a
L-PM C-PM p L-PM C-PM p L-PM C-PM p
Baseline
PF 44 + 29 41 + 25 0.508 57 =11 59+ 14 0.191 41+10 41+5 0.752
SF 75+ 29 73 +28 0.757 66 + 11 64 + 14 0.419 61+ 15 65+ 11 0.195
RP 23 +35 22 + 38 0.962 40 £ 16 38+14 0.657 27 +10 30+ 12 0.194
RE 61+48 62 + 47 0.882 59+8 61+8 0.245 57+8 59+7 0.174
MH 61+ 22 61+ 23 0.984 68+9 70 £ 14 0.275 55+ 12 59 +8 0.128
BP 51+26 52 +30 0.894 58 £ 6 59 +7 0.337 48+9 48+ 8 0.746
VT 40 + 20 39+22 0.856 36+4 35+9 0.623 39+9 41+8 0.386
GH 43 +18 44 + 16 0.723 43 +5 42+ 6 0.276 44 £ 10 44 + 6 0.874
PCS 33+£10 33+ 11 0.793 36+9 36+ 11 0.855 40+7 41+6 0.583
MCS 46 + 14 46 + 15 0.936 45+ 14 46 £ 15 0.868 53+8 56 +5 0.100
1 week follow up
PF 63 +7 57+10 <0.001
SF 64+ 14 54 +14 <0.001
RP 55+ 10 38+ 12 <0.001
RE 59+5 48 +8 <0.001
MH 73£12 70 £ 14 0.096
BP B 47 +7 2216 <0.001 B
VT 42 +8 34+ 9 <0.001
GH 48 +7 43 +7 <0.001
PCS 39+7 33+8 <0.001
MCS 46 = 11 41 +£12 <0.009

Pokracovani na dalsi strané
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Table 3 - SF-36 questionnaire results comparing L-PM and C-PM at baseline and follow-ups

SF-36 Cabanas-Grandio, 2019 Palmisano, 2021 Yu, 2023a
L-PM C-PM p L-PM C-PM p L-PM C-PM p
1 month follow up
PF 61+ 30 45 +27 0.035 56 +13 42 +8 <0.001
SF 88 + 22 79 + 30 0.165 74 + 14 69 + 11 0.055
RP 59 + 44 18 £32 <0.001 52+ 14 24+ 8 <0.001
RE 74 +42 61+44 0.243 7111 62+9 <0.001
MH 73+20 70 £ 21 0.670 70 £ 10 67+9 0.092
BP 66 + 30 64 + 27 0.760 B 59 + 12 54 +£13 0.042
VT 55 + 27 47 £ 22 0.188 54 +13 45+ 8 <0.001
GH 53+ 18 4819 0.236 5510 45+7 <0.001
PCS 41+9 34+9 0.004 56 £ 10 415 <0.001
MCS 50 + 13 49 £ 13 0.792 67+9 61+6 <0.001
3 months follow up
PF 63+9 59+9 0.026 63+9 47 £ 7 <0.001
SF 65+ 11 58 +12 0.001 80+ 10 74+ 8 0.004
RP 58+9 50 + 10 <0.001 60 =10 40+9 <0.001
RE 64+9 55+9 <0.001 76 £ 10 71+£6 0.015
MH 75+9 71+£9 0.002 75+ 10 68+9 <0.001
BP B 55+ 7 5548 0.939 65+9 6129 0.042
VT 47 £ 12 45 + 11 0.200 56 + 10 49+ 9 0.001
GH 55+8 46 + 8 <0.001 55+ 12 52+9 0.175
PCS 42 +3 38+5 <0.001 61+8 50+5 <0.001
MCS 47 = 11 42 £ 12 0.008 72 +6 65+5 <0.001
6 months follow up
PF 63 + 27 42 + 26 <0.001 62+9 59+ 10 0.035
SF 85+ 21 78 + 29 0.149 73+ 11 60+ 10 <0.001
RP 64 + 43 36 + 45 0.004 57+9 52+ 12 <0.001
RE 75 £ 40 68 + 44 0.428 64+ 10 58 +9 <0.001
MH 75+ 16 65 + 21 0.017 75+ 10 71+9 0.005
BP 69 £ 25 60 + 30 0.167 54+7 53+9 0.402 B
VT 52 +21 44 + 23 0.091 49 + 7 46 +9 0.013
GH 48 + 18 48 + 20 0.945 56 +8 48 + 7 <0.001
PCS 41+ 11 35+ 10 0.007 42 +3 38+4 <0.001
MCS 50+ 11 48 + 12 0.393 49 + 12 43 +13 0.006

C-PM - conventional pacemaker; BP - bodily pain; GH — general health; L-PM - leadless pacemaker; MCS - Mental Component Summary;
MH - mental health; p — p-value of L-PM versus C-PM; PCS - Physical Component Summary; PF - physical functioning; RE - role emotional;

RP - role physical; SF - social function; VT - vitality.

VT, GH, and MCS at the 1-month follow-up, suggesting
L-PM may have broader benefits for emotional well-being
and vitality early on (p <0.05)." L-PM has shown medium-
term advantages over C-PM in patient-reported physical
and mental health outcomes at a 3-month follow-up, with
L-PM scoring significantly higher in PF, SF, RP, RE, MH, PCS,
and MCS (p <0.05).'*'* However, Yu et al. found signifi-
cantly higher BP and VT scores for L-PM compared to C-PM
(p <0.05), while Palmisano et al. found significantly higher
GH ratings for L-PM (p<0.05).">'* Cabanas-Grandio et al.

and Palmisano et al. found that L-PM had significantly
higher scores in PF, RP, MH, and PCS compared to C-PM
at the 6-month follow-up (p <0.05).2" Palmisano et al.
also found higher scores in SF, RE, VT, GH, and MCS at the
6-month follow-up, indicating the long-lasting benefits of
L-PM (p <0.05)."

The distribution of sexes and mean patient age were
among the patient characteristics (Table 4). Two studies
found that patients in the L-PM and C-PM groups were
generally younger, with a mean age significantly higher
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Table 4 - Baseline patient variables

Variables Cabanas-Grandio, 2019 Palmisano, 2021 Yu, 2023a

n (%) L-PM C-PM p L-PM C-PM p L-PM C-PM p
Patient characteristics

Age** 77 £ 10 817 0.012 77 +8 78 +5 0.488 76 +7 67 +9 0.000
Male sex 32 (78) 42 (64) 0.129 55 (71) 49 (63) 0.302 23 (65) 51 (60) 0.608
Comorbidities

DM 7(17) 24 (38) 0.021 19 (24) 20 (26) 0.853 13 (37) 34 (40) 0.735
HT 34 (81) 54 (84) 0.646 58 (75) 64 (83) 0.233 21 (60) 58 (69) 0.341
HF 1(3) 5(8) 0.401 7(9) 12 (15) 0.221 4(11) 7 (8) 0.595
Renal disorder 4(10) 10 (17) 0.347 21 (27) 13 (16) 0.120 7 (20) 10 (11) 0.250
Pacing indications

AF 36 (88) 49 (78) 0.196 60 (77) 58 (75) 0.703 20 (57) 34 (40) 0.096
Others 6(12) 15 (22) 0.196 - - 15 (42) 50 (59) 0.096
SR AVB - - - 9(11) 11 (14) 0.632 - - -
Syncope* - - - 4 (5) 5 (6) 0.731 - - -

AF - atrial fibrillation; C-PM - conventional pacemaker; DM - diabetes mellitus; HF - heart failure; HT — hypertension; L-PM - leadless
pacemaker; p — p-value; SD - standard deviation; SR AVB - sinus rhythm with paroxysmal atrioventricular block.
age** — mean = SD; syncope* — unexplained syncope with chronic bifascicular block.

than those in the C-PM group (p <0.05).%' The male pre-
dominance in the L-PM and C-PM groups did not signifi-
cantly differ in terms of sex distribution (p >0.05).2'314

The study included diabetes mellitus (DM), hyperten-
sion (HT), heart failure (HF), and renal disorders as co-
morbidities in all three studies (Table 4). Results showed
a lower prevalence of DM in L-PM patients compared to
C-PM patients. According to Cabanas-Grandio et al., DM
was significantly lower in L-PM than C-PM at baseline
(p <0.05), while the other two didn’t find it significant (p
>0.05).>'3>' Furthermore, no significant differences were
found in HT, HF, and renal disorders prevalence at base-
line (p >0.05).2"314

Pacing indications in L-PM implantations were catego-
rized into four groups: atrial fibrillation (AF), others, si-
nus rhythm with paroxysmal atrioventricular block, and
unexplained syncope with persistent bifascicular block
(Table 4). Yu et al. and Cabanas-Grandio et al. did not
identify pacing indications other than AF, resulting in
a non-standard grouping of pacing indications.2™ AF
was the predominant pacing indication in all investi-
gations, accounting for the majority of L-PM implanta-
tions. However, there was no significant difference in AF
prevalence between L-PM and C-PM groups across studies
(p >0.05).2"3' Other pacing indications, such as sinus
rhythm with paroxysmal atrioventricular block and unex-
plained syncope with chronic bifascicular block, were less
common and showed no significant differences between
groups (p >0.05).21314

Discussion

This systematic review compares the QoL of L-PM and
C-PM using the SF-36 questionnaire. The SF-36 questi-

onnaire is a well-validated, general tool for measuring
health-related QoL in a variety of patient groups.’™'® The
multidimensional structure includes eight subscales that
measure both physical and mental health. It also gives
composite scores for the physical and mental compo-
nents, which makes it useful for comparing studies."’
The self-administered format improves patient-centered
assessment and facilitates efficient administration in cli-
nical and research environments.'’® But the SF-36 is not
disease-specific, so it may not be able to pick up on small,
condition-specific changes, especially in people with he-
art problems.™ As a result, subtle differences in psycholo-
gical burden or procedural discomfort between L-PM and
C-PM may not be fully captured by the SF-36. It also has
ceiling and floor effects, which means it doesn’t work as
well for people who are very sick or very healthy.? Also,
because it relies on patient memory over four weeks, it
could be biased, and it might not work well in groups
of people who have cognitive problems or low literacy.?'
Even with these flaws, the SF-36 is still a useful tool for
measuring Qol, especially when comparing treatments
like L-PM vs C-PM that affect both physical and mental
health.

This systematic review found that L-PM patients con-
sistently reported better physical health than C-PM, as
seen in the higher PF, RP, and PCS in all three studies and
every follow-up period (1 week, 1 month, 3 months, and
6 months).>'3' This consistency across studies could be at-
tributed to L-PM not being at any risk of lead dislodge-
ment and pocket injury due to its absence of transvenous
leads and subcutaneous pockets, which are frequent
causes of complications in C-PM.?? Furthermore, both Ca-
banas-Grandio et al. and Yu et al. each did an additional
specific questionnaire, which found that C-PM patients
reported persistent procedural discomfort and concern
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regarding complications post-implantation, which led to
a reduction of physical activities of the patients’ own ac-
cord.>' Moreover, L-PM patients only face short activity
restrictions, such as relative rest for 3 to 7 days before
returning to daily activities after hospital discharge, while
C-PM patients are recommended by current guidelines to
refrain from raising the arm nearest to the device above
shoulder height, to minimize lead dislodgement and
pocket injury for 4-6 weeks following implantation.?

However, this systematic review revealed mixed out-
comes concerning the mental health-related QoL advan-
tages of L-PM in comparison to C-PM. Some studies indi-
cated significant enhancements in mental health domains
among L-PM recipients, whereas others did not, even at
the same follow-up period.?'>' This highlights a gap in
previous research, where mental health outcomes were
reported in isolation in each primary study, without being
compared across multiple studies. While each included
study concluded that L-PM had significantly better men-
tal health than C-PM when comparing baseline to follow-
up, a side-by-side comparison shows that these benefits
vary across different mental health domains and follow-
up periods in different studies.>'>'* These discrepancies
may arise from variations in patient characteristics that
may influence mental health outcomes across studies, as
well as from the SF-36 questionnaire’s lack of condition-
specific sensitivity, which makes it difficult to determine
whether observed mental health changes are due to the
type of pacemaker or other unrelated factors.

Specific patient characteristics may affect QoL post-
implantation. L-PM recipients are significantly younger
than C-PM recipients (p <0.05), suggesting younger pa-
tients may prefer L-PM due to its minimally invasive
nature, quicker recovery, and reduced risk of complica-
tions.2'3'* Additionally, the male gender is the majority
of L-PM recipients in two studies, which may affect QoL
outcomes.>' Further research is needed to understand
how these gender differences could affect QoL variations
between L-PM and C-PM. Underlying comorbidities may
impact QoL outcomes after pacemaker implantation, but
the studies included found them not statistically signifi-
cant. L-PM patients at baseline had a lower prevalence of
DM, HT, HF, and renal disorder compared to C-PM.>'314
However, only DM is statistically significant in one study,
while the others aren’t.? Patients with higher cardiovascu-
lar risk load are more likely to receive C-PM, as it preserves
AV synchronization with dual-chamber pacing.?* In one
study, renal insufficiency is more common in L-PM than
C-PM, suggesting different patient selection standards in
different institutions.' Further studies using multivariate
analysis are needed to understand how comorbidities im-
pact QoL variations between L-PM and C-PM recipients.

This systematic review offers a comprehensive analysis
of QoL outcomes in patients receiving L-PM versus C-PM.
One of its primary strengths lies in its strict inclusion cri-
teria, ensuring that only high-quality studies directly
comparing L-PM and C-PM using the SF-36 questionnaire
were included. However, this systematic review has sev-
eral limitations. The small number of included studies
restricts the generalizability of the findings, and the rela-
tively short follow-up durations (up to six months) limit
the ability to assess long-term QoL trends. Differences in

study populations and methodological approaches may
have also influenced the results.

Conclusion

This systematic review concluded that L-PM is linked to
consistently better physical health-related QoL outcomes
than C-PM, as determined by PF, RP, and PCS subscales
from the SF-36 questionnaire. The lesser fear of complica-
tions and shorter post-implantation physical restrictions
in L-PM are the probable cause of these advantages. Alt-
hough the superiority of L-PM for mental health is supp-
orted by each included study separately, cross-study com-
parisons show that these superiorities aren’t consistently
seen across all mental health domains and follow-up ti-
mes. The SF-36 questionnaire’s limited condition-specific
sensitivity and variations in patient demographics may be
the reason for this. To fully grasp the complex effects of
pacemaker type on physical and mental health outcomes,
more research is required using multivariate analyses,
longer-term follow-up, and condition-specific QoL tools.
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Kontext: Syndrom zpomaleného koronarniho pratoku (coronary slow flow, CSF) je angiograficka entita
charakterizovana zpozdénym pomalym pritokem kontrastni latky koronarnimi tepnami bez vyznamné ob-
strukce epikardu. Jako potencialni faktor pfispivajici k patofyziologii tohoto jevu byla popsana autonomni
dysregulace. Validovanym neinvazivné méfenym parametrem pro hodnoceni autonomni funkce je variabili-
ta srdecni frekvence (heart rate variability, HRV).
Cil: Zjistit zmény v parametrech HRV u pacientl s CSF a popsat potencialni Glohu nerovnovahy (imbalance)
autonomniho nervového systému v patogenezi tohoto jevu.
Metody: Do této prurfezové studie bylo zafazeno 50 pacientl s CSF a 50 kontrol odpovidajiciho véku a ve
stejném poméru muzi-zeny s normalnim pratokem krve koronarnimi tepnami. Pratok krve koronarnimi tep-
nami se méril metodou korigovaného TIMI frame count (corrected TIMI frame count, cTFC). Parametry HRV
se zjistovaly z vysledkd 24hodinového holterovského monitorovéni EKG s naslednou analyzou v doménach
casu i frekvence.
Vysledky: Vstupni klinické i laboratorni charakteristiky se mezi skupinami statisticky vyznamné nelisily (p >
0,05). Hodnoty HRV v ¢asové doméné - SDNN, SDANN a pNN50 - byly ve skupiné CSF statisticky vyznamné
nizsi nez u kontrol (p = 0,019, resp. 0,037 a 0,008). V parametrech frekvencni domény nebyly mezi skupina-
mi nalezeny zadné statisticky vyznamné rozdily. Tyto vysledky ukazuji na predominanci aktivity sympatiku
a snizenou vagovou stimulaci u pacientd s CSF.
Zaveér: Snizenad HRV u pacientt s CSF ukazuje na vyznamnou imbalanci autonomniho nervového systému se
zvysenym sympatickym tonem a snizenou modulaci parasympatiku. Tyto zmény mohou pfispivat k dysfunkci
mikrovaskulatury jako zdkladnimu faktoru vzniku CSF a predstavuji potencialni cil 1écby.

© 2026, CKS.

ABSTRACT

Background: Coronary slow flow (CSF) is an angiographic entity characterized by delayed contrast progres-
sion in coronary arteries without significant epicardial obstruction. Autonomic dysregulation has been sug-
gested as a potential contributor to its pathophysiology. Heart rate variability (HRV) is a validated, non-in-
vasive tool for assessing autonomic function.

Objective: To evaluate alterations in HRV parameters among patients with CSF and to explore the potential
role of autonomic nervous system imbalance in its pathogenesis.

Methods: This cross-sectional study included 50 patients with CSF and 50 age- and sex-matched controls with
normal coronary flow. Coronary flow was assessed using corrected TIMI frame count (cTFC). HRV parameters
were derived from 24-hour Holter ECG monitoring and analyzed in both time and frequency domains.
Results: Baseline clinical and laboratory characteristics did not differ significantly between groups (p >0.05).
Time-domain HRV indices—SDNN, SDANN, and pNN50—were significantly reduced in the CSF group com-
pared to controls (p = 0.019, 0.037, and 0.008, respectively). Frequency-domain parameters showed no sig-
nificant between-group differences. These findings suggest a predominance of sympathetic activity and
diminished vagal modulation in CSF patients.

Conclusion: Reduced HRV in CSF patients indicates a significant autonomic imbalance, with increased sympa-
thetic tone and reduced parasympathetic modulation. These alterations may contribute to the microvascular
dysfunction underlying CSF and represent a potential therapeutic target.
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Introduction

Coronary slow flow (CSF) refers to a delayed opacification
of coronary arteries in the absence of obstructive epicar-
dial coronary disease. Though often overlooked, CSF can
present with angina-like symptoms and is associated with
increased cardiovascular risk. Pathophysiological mecha-
nisms proposed for CSF include microvascular and endo-
thelial dysfunction, subclinical atherosclerosis, and, nota-
bly, autonomic nervous system imbalance.’3

The autonomic nervous system (ANS), comprising sym-
pathetic and parasympathetic branches, modulates heart
rate and coronary vasomotor tone. Heart rate variabili-
ty (HRV) quantifies variations in successive RR intervals
and serves as a reliable marker of autonomic activity.**
Decreased HRV is associated with adverse cardiovascular
events, including arrhythmias, ischemia, and sudden car-
diac death.®

Despite growing evidence linking autonomic dysfunc-
tion to cardiovascular pathology, its role in CSF remains
underexplored. This study evaluates HRV indices in CSF
patients to elucidate potential autonomic abnormalities
contributing to the condition.

Materials and methods

Study design and population

This cross-sectional study was conducted at Adiyaman
Education and Research Hospital between March 2017
and January 2018. A total of 120 patients presenting with
palpitations were screened. After applying exclusion cri-
teria—such as hypertension, diabetes mellitus, coronary
artery disease, structural heart abnormalities, and medi-
cation use affecting HRV—100 patients were enrolled: 50
with angiographically confirmed CSF (Group 2) and 50
with normal coronary flow (Group 1, controls).

Coronary flow assessment

All participants underwent coronary angiography using
the Judkins technique. The corrected TIMI frame count
(cTFC) was calculated by two independent cardiologists
blinded to patient status. The cTFC for the left anterior
descending artery (LAD) was normalized by dividing by
1.7 due to its greater length.’

Electrocardiographic monitoring and HRV analysis
Twenty-four-hour ambulatory ECG monitoring was per-
formed using a two-channel Holter system (DR-512 VX3,
Biomedical Systems, USA). Time-domain HRV indices
(SDNN, SDANN, rMSSD, pNN50) and frequency-domain
measures (ULF, VLF, LF, HF, LF/HF ratio) were analyzed
according to established guidelines.

Statistical analysis

Statistical analyses were conducted using SPSS v21.0. Data
distribution was evaluated with the Kolmogorov-Smir-
nov test. Continuous variables were expressed as mean *
SD or median (IQR) and compared using t-tests or Mann-
Whitney U tests. Categorical variables were compared
using chi-square tests. A p-value <0.05 was considered
statistically significant.

Table 1 - Baseline clinical and laboratory characteristics

of the study population

CSF (n =50) Control (n =50) p-value
Age, year 472 +1.1 453 +1.0 0.152
Gender, male, n, (%) 27 (55) 26 (52) 0.564
Smoking 22 (45) 17 (35) 0.212
BMI (kg/m?) 26.3 +3.6 276 +5.1 0.156
HR (beats/min) 739+ 1.0 725+ 1.0 0.465
Glucose (mg/dL) 99.5 + 11.7 105.1 £29.4 0.102
BUN (mg/dL) 122+238 13.4+3.0 0.633
Creatine (mg/dL) 0.83+0.13 0.83+0.15 0.859
T. chol (mg/dl) 192.7 £34.0 1915347 0.240
TG (mg/dl) 143.0+11.5 160.0 + 10.8 0.855
HDL (mg/dl) 495+ 104 47.1+10.7 0.254
LDL (mg/dl) 112.7+319 110.8+30.4 0.761
LVEF (%) 61.2+29 62.0 + 2.7 0.140
IVS (mm) 1.1+0.2 1.1+04 0.936
PABP (mmHg) 249+23 246+29 0.232

BMI - body mass index; BUN - blood urea nitrogen; HDL - high
density lipoprotein; HR — heart rate; LDL - low density lipoprotein;
LVEF - left ventricular ejection fraction; PABP — pulmonary artery
pressure; TG - triglycerides; T. chol - total cholesterol.

Table 2 - Heart rate variability of the study group

CSF (n = 50) Control (n=50) p-value

24-hour HRV time analysis

SDNN 105.1 +34.2 123.9+33.2 0.019
SDANN 76.6 £ 35.2 103.0 + 27.2 0.037
PNN50 69+7.7 10.9+9.8 0.008
rMSSD 523 +62.5 62.7 + 86.1 0.490
24-hour HRV frequency analysis

Total power (ms?) 9475.6 + 6144.1 11684.3 £ 7472.3 0.110
ULF power (ms?)  4705.8 +3174.2 5765.5 +3487.7 0.115
VLF power (ms?) ~ 2504.5+1753.3 3015.9+1928.6 0.169
LF power (ms?) 1741.8 £ 1239.4 1522.2 + 867.2 0.307
HF power (ms?) 871.9+697.3 840.6 + 523.7 0.800
LF NUs 54.6 +12.2 55.4+12.9 0.756
HF NUs 41.3+93 394+ 123 0.385
LF/HF ratio 1.6 +0.6 1.4+04 0.256

HF - high frequency; LF - low frequency; NUs — normalized units;
ULF — ultra low frequency; VLF - very low frequency.

Results

Baseline characteristics

No significant differences were observed between the
CSF and control groups in terms of age, sex, smoking
status, heart rate, ejection fraction, or laboratory para-



O. Tanriverdi

41

meters (p >0.05). This ensured the comparability of the
groups (Table 1).

Heart rate variability findings

Time-domain HRV parameters were significantly lower in

the CSF group:

* SDNN: Reflecting overall HRV was significantly reduced
(p =0.019).

¢ SDANN: Indicative of long-term variability, was also dec-
reased (p = 0.037).

* pNN50: A marker of parasympathetic tone showed
a marked reduction (p = 0.008).

In contrast, rMSSD and all frequency-domain indices did
not differ significantly (p >0.05) (Table 2).

Discussion

This study demonstrates that CSF is associated with sig-
nificantly reduced HRV, particularly in time-domain me-
asures. These findings suggest an underlying autonomic
imbalance characterized by increased sympathetic drive
and reduced vagal activity.

CSF pathophysiology is multifactorial. Prior intra-
vascular ultrasound (IVUS) and flow-reserve studies have
identified diffuse intimal thickening and subclinical athe-
rosclerosis in CSF patients. Moreover, studies report im-
paired flow-mediated dilation and elevated markers of
endothelial dysfunction.®-1°

Autonomic nervous system dysregulation may exacer-
bate coronary microvascular resistance. Elevated sympa-
thetic tone and diminished parasympathetic influence
impair vasodilation, reducing coronary reserve. Reduced
HRV, particularly SDNN and SDANN, has been associated
with poor cardiovascular outcomes, including arrhythmi-
as, myocardial ischemia, and sudden death."->

In our study, decreased pNN50 further supports para-
sympathetic withdrawal. This dysregulation may explain
anginal symptoms in CSF patients despite normal angio-
grams. HRV analysis could thus serve as a diagnostic and
prognostic tool in CSF, identifying patients at risk for ad-
verse events and guiding treatment decisions, including
autonomic modulation through pharmacotherapy or life-
style intervention.'®!

Limitations

This study is limited by its single-center, cross-sectional
design and modest sample size. Longer-term follow-up
and multicenter studies are needed to validate these fin-
dings and assess the prognostic value of HRV in CSF.

Conclusion

Coronary slow flow is associated with significant reduc-
tions in HRV time-domain parameters, indicating autono-
mic imbalance. The predominance of sympathetic tone
and reduced parasympathetic activity may contribute to
microvascular dysfunction and symptomatology in CSF

patients. HRV monitoring provides a non-invasive me-
thod for identifying high-risk individuals and may aid in
tailoring therapeutic strategies aimed at restoring auto-
nomic balance and improving clinical outcomes.
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Vysledky: Obé skupiny si byly podobné z hlediska véku a poméru muzi : Zeny. Primérny vék ve skupiné ,no-
-reflow” byl 56 + 10 let a ve skupiné ,reflow” 55 + 10 let. Vice bylo muzl a ve skupiné ,reflow” byl ¢astéji
pfitomen diabetes mellitus (p = 0,034). Vétsina pacientli v obou skupinach prodélala infarkt myokardu (IM)
predni stény (61 % v ,no-reflow” vs. 56 % v ,reflow”; p = 0,1). Ve skupiné ,no-reflow” byla zjisténa delsi
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hodiny); 61 % pacient( ve skupiné ,no-reflow” bylo do nemocnice pfivezeno pozdé (bolest na hrudi > 6 ho-
din) versus 45,7 % ve skupiné ,reflow” (p < 0,024). Vétsiné pacientu byly aplikovény nasycovaci davky dualni
antiagregacni terapie (DAPT), pievazné clopidogrel (82 % vs. 18 % ticagrelor), bez statisticky vyznamnych
rozdill mezi skupinami. Median doby od prevezeni pacienta ke vstupu do nemocnice do zavedeni vodice
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pacienta a zkratit tak dobu ,door-to-wire crossing” na minimum.
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ABSTRACT

Background: The no-reflow phenomenon (NRP) can occur in up to 40% of patients after primary percutane-
Keywords: ous coronary intervention (PPCI) for acute ST-segment elevation myocardial infarction (STEMI). NRP signifi-
No-reflow phenomenon cantly diminishes the benefits of reperfusion therapy, leading to increased infarct size and poorer outcomes.
Primary PCI Although the exact pathophysiology of non-reperfusion injury (NRP) is not fully understood, various factors
STEMI may contribute to it through different mechanisms.

Address: Beshoy Yacoub, Department of Cardiovascular Medicine, Kasralainy Hospital, Cairo University, Cairo, Egypt, e-mail: beshoy.ayoub@kasralainy.edu.eg
DOI: 10.33678/cor.2025.087

Please cite this article as: Yacoub B, Shaker AA, El-Kaffas S, et al. Predictors and Outcomes of No-reflow among Acute ST-Segment Elevation Myocardial Infarction Patients. Cor Vasa
2026;68:43-50.



Predictors and Outcomes of No-reflow among Acute STEMI Patients

Aim: In this study, we aim to investigate clinical and interventional predictors of no-reflow and their impact
on in-hospital outcomes among a cohort of acute STEMI patients presenting to a tertiary care center in

Methods: A total of 1,015 patients were admitted to Kasralainy Hospital with high-risk acute coronary syn-
drome, including 502 with STEMI and 513 with NSTEMI. This prospective study included 337 patients who
had chest pain for over 20 minutes in the 48 hours before admission, met the criteria for acute STEMI, and
underwent PPCl. These patients were divided into two groups based on the angiography findings: the no-

Results: Both groups were similar in age and gender, with average ages of 56 = 10 years in the no-reflow
group and 55 + 10 years in the reflow group. Males were predominant, and the reflow group had a higher
rate of diabetes mellitus (p = 0.034). Most patients in both groups had anterior myocardial infarction (MI)
(61% in no-reflow vs. 56% in reflow, p = 0.1). The no-reflow group had a longer median pre-hospital delay
(6.5 hours) compared to the reflow group (5.0 hours), with 61% of no-reflow patients presenting late (chest
pain > 6 hours) versus 45.7% in the reflow group (p <0.024). Most patients received loading doses of dual
antiplatelet therapy (DAPT), predominantly clopidogrel (82% vs. 18% for ticagrelor), with no significant
differences between groups. The median door-to-wire crossing time was longer in the no-reflow group
(110 vs. 90 minutes; p = 0.007). Only pre-hospital delay (> 6 hours) (p = 0.024) and door-to-wire crossing
time (p = 0.007) were associated with no-reflow, with the latter being an independent predictor (p = 0.009).
The no-reflow group experienced more in-hospital complications, with major adverse cardiovascular events
occurring more frequently compared to the reflow group (24% vs. 12.4%, p = 0.024). Furthermore, they had
lower post-catheterization ejection fractions (median 42% vs. 50%; p <0.0001).

Conclusion: Despite advances in managing ST-segment elevation myocardial infarction, the no-reflow inci-
dence after primary PCl remains significant, linked to higher mortality and poor prognosis. This study found
that prolonged pre-hospital delay (over 6 hours) and longer door-to-wire crossing times are independent
predictors of no-reflow. Efforts should focus on reducing pre-hospital delays and optimizing in-hospital

44
Egypt.
-reflow group (n = 72) and the reflow group (n = 265).
pathways to minimize door-to-wire times.
Background

The "no-reflow” phenomenon (NRP) is defined as failure
of restoration of myocardial perfusion despite opening
the occluded epicardial coronary artery with a balloon
or stent in the absence of flow-limiting residual steno-
sis (<50%), or mechanical obstruction.! The incidence of
NRP after PPCl for acute ST-segment elevation myocardial
infarction (STEMI) is high, reaching up to 40% in some
studies.?

When it occurs, NRP can be reversible after prompt in-
tervention during the PCl procedure; however, if it be-
comes persistent, it significantly attenuates the beneficial
impact of reperfusion therapy, resulting in postprocedu-
ral myocardial infarction or a larger infarct size with poor
short- and long-term outcomes.? Patients who develop
NR show lower left ventricular ejection fraction, adverse
left ventricular remodeling in the remote stage of myo-
cardial infarction, and increased incidences of heart fai-
lure, cardiac rupture, and death, compared with patients
without NR.#

The pathophysiology of non-reperfusion injury (NRP)
is not yet fully understood, but several factors can con-
tribute to it through various mechanisms. These include
leukocyte infiltration, vasoconstriction, activation of in-
flammatory pathways, vascular damage, and increased
endothelial permeability. Due to its harmful effects, it is
crucial to prevent and treat NRP promptly to avoid per-
manent myocardial damage and improve prognosis.

In this study, we aim to investigate clinical and inter-
ventional predictors of no-reflow and their impact on in-
-hospital outcomes among a cohort of acute STEMI pati-
ents presenting to a tertiary care center in Egypt.

Methods

Throughout the study period (from December 2021 to
August 2023), 1015 patients were admitted to Kasralainy
Hospital with high-risk acute coronary syndrome, inclu-
ding STEMI (n = 502 patients) and NSTEMI (n = 513 pati-
ents). The inclusion criteria were patients aged >18 years
with chest pain or equivalent symptoms of more than 20
minutes within the last 48 hours before admission to the
hospital, who fulfilled the diagnosis of acute STEMI accor-
ding to the ESC guidelines for the management of STE-
MI> and underwent PPCl treatment. The exclusion criteria
were patients who refused treatment and whose clinical
data of admission and hospital course were deficient.

After all the criteria were met, this study included 337
patients who were divided according to the presence/ab-
sence of the no-reflow phenomenon during the angio-
graphy procedure into no-reflow (n = 72) and reflow (n
= 265) groups. Figure 1 contains the flow chart of study
population.

The study protocol was approved by the Ethics Com-
mittee of Faculty of Medicine, Cairo University. A written
informed consent was obtained from all participants at
the time of enrollment.

Data collection

Upon patients’ presentation to the Emergency De-
partment (ED), a detailed history including age, sex, and
conventional risk factors for atherosclerotic cardiovascu-
lar disease (ASCVD) such as smoking, hypertension, dia-
betes mellitus, dyslipidemia, and family history of pre-
mature CAD were obtained, in addition to any history of
previous cardiac and non-cardiac diseases. Physical exami-
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1015 patients
High-risk ACS

502 patients 513 patients

Acute STEMI NSTEMI
| L |
ek [PELTEES 165 patients
Included Excluded*
in the study
| i |
No re-flow Re-flow
(n=72) (n = 265)

Fig. 1 - Study population. ACS - acute coronary syndrome;
NSTEMI - non-ST-segment elevation myocardial infarction; STEMI -
ST-segment elevation myocardial infarction. * Patients with missed
STEMI, those treated without stenting, or with inadequate clinical
or investigational data.

nation during admission focused on vital signs, defining
Killip class, and mechanical complications.

Definitions and outcomes

No-reflow was defined as post-PCl angiographic docu-
mentation of a TIMI flow grade <2, or a TIMI flow gra-
de 3 with a TIMI myocardial perfusion grade (TMPG) of 0
or 1, in the absence of post-procedural residual stenosis
>50%, or mechanical obstruction (e.g. dissection, or per-
foration).® TIMI myocardial perfusion grade (TMPG): was

defined according to the following scale: (grade: 0, no
myocardial blush; grade 1: minimal myocardial blush or
contrast density; grade 2: moderate myocardial blush or
contrast density, but less than that obtained during an-
giography of a contralateral non-infarct-related coronary
artery; and grade 3: normal myocardial blush or contrast
density, similar to that obtained during angiography
of a contralateral non-infarct-related coronary artery).’
Transient was defined as no-reflow occurred during the
procedure, which improved with treatment.

The primary outcome was a composite major adverse
cardiovascular event (MACE): defined as mortality, or he-
art failure, while the secondary outcomes were individual
complications: mortality, heart failure, cardiogenic shock,
ejection fraction, and hospital stay length.

Statistical analysis

Results were expressed as mean + standard deviation
(SD), median, minimum, and maximum in quantitative
data and using frequency and percentage for categorical
data. Comparisons between quantitative variables were
made using analysis of variance (ANOVA) in normally dis-
tributed quantitative variables while the non-parametric
Kruskal-Wallis's test and Mann-Whitney test were used
for non-normally distributed quantitative variables. Co-
rrelations between quantitative variables were done
using Spearman correlation coefficient. P-values less than
0.05 were considered statistically significant. The Statisti-
cal Package for Social Sciences (SPSS, Inc, Chicago, IL, USA,
version 25) was used for statistical analysis.

Results

Baseline characteristics
This prospective study included 337 STEMI patients pre-
sented to Kasraliny Hospital, Cairo University. The pati-

Table 1 - Baseline demographic, risk factors, and laboratory data of both study groups

Patient characteristics No-reflow

number (%)

(N=72)

Age mean + SD 56 + 10 years
Male gender, n (%) 64 (89%)
Cardiovascular risk factors

Diabetes mellitus, n (%) 16 (22%)
Hypertension, n (%) 20 (28%)
Current cigarette smokers, n (%) 48 (67 %)
Dyslipidemia, n (%) 16 (57%)
Drug/Cannabis addiction, n (%) 1(1.4%)
FH, n (%) 1(1.4%)
Coronary artery disease, n (%) 11 (15%)
Cerebrovascular stroke/TIA, n (%) 2 (2.8%)
Chronic kidney disease (GFR< 60 ml/min/1,73 m?), n (%) 2 (2.8%)

Reflow p-value
number (%)

(N = 265)

55 + 10 years 0.652
211 (80%) 0.65
96 (36%) 0.034*
99 (37%) 0.164
175 (66 %) 0.83
118 (76%) 0.063
7 (2.7%) 1

11 (4.2%) 0.47
36 (14%) 0.7

14 (5.3%) 0.54

7 (2.7%) 1

FH - family history of premature cardiovascular disease; GFR - glomerular filtration rate; SD - standard deviation; TIA - transient ischemic

attacks. * p-value <0.05 was considered significant.
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ents were divided into 2 groups according to TIMI flow
grades after PPCl: the no-reflow group (n =72) and the
reflow group (n = 265). Tables 1 and 2 demonstrate the
baseline demographic, risk factors, laboratory, echocar-
diographic, and interventional data of patients in the no-
-reflow group compared to those in the reflow group.
Both groups were homogeneous in terms of age and
gender. The mean age of both groups was 56 + 10 years
for the no-reflow group and 55 + 10 years for the reflow
group, respectively. The male gender was predominant in

both groups. The rate of diabetes mellitus was higher in
the reflow group (p = 0.034).

The other risk factors, such as hypertension, dyslipide-
mia, current smoking, family history of coronary artery
disease, and previous coronary artery disease (CAD), were
not significantly different between the reflow group and
the no-reflow group (p >0.05).

Most of the patients of both groups had anterior Ml
(61% in NR vs 56% in reflow, p = 0.1). Patients in the NR
group had a longer pre-hospital delay, with the median

Table 2 - Baseline clinical and laboratory data of both study groups

Patient characteristics No-reflow Reflow p-value
median (IR) median (IR)
(N=72) (N = 265)

Pre-hospital delay (hours) 6.5 (4-12) 5.0 (3-10) 0.099
Chest pain >6 hrs, n (%) 44 (61%) 118 (45.7%) 0.024*
Pre-infarction angina, n (%) 31 (43%) 128 (49%) 0.426
Anterior MI, n (%) 48 (66%) 148 (56%) 0.107
Q wave, n (%) 33 (45%) 107 (41%) 0.503
DAPT before presentation, n (%) 4 (6%) 30 (12%) 0.135
P2Y, inhibitor, n (%) Clopidogrel 55 (76.4%) 222 (84.2%) e

Ticagrelor 17 (23.6%) 42 (15.8%)
Killip class, n (%) | 57 (79.2%) 240 (91.3%)

I 9(12.5%) 12 (4.6%) o

I 3 (4.2%) 6 (2.3%)

\Y, 2 (2.8%) 3(1.1%)
BP systole, median (IR) 120 (10-150) 130 (110-150) 0.425
BP diastole, median (IR) 80 (70-90) 80 (70-90) 0.331
HR, median (IR) 90 (70-100) 80 (70-95) 0.122
HB (gm/dl), median (IR) 14 (13.1-15.2) 14 (12.6-15.4) 0.642
TLC (10%L), median (IR) 10.2 (8.3-13.7) 10 (8-14.8) 0.488
PLTS (10°/L), median (IR) 272 (228-247) 276 (226-336) 0.600
RBS (mg/dl), median (IR) 161.50 (118-232) 160.5 (121-245) 0.450
Door-to-balloon (min), median (IR) 110 (73-122) 90 (60-120) 0.007*

BP - blood pressure; HR - heart rate; HB — hemoglobin; IR - interquartile range; PLTs — platelets; RBS — random blood sugar; TLC - total

leucocytic count. * p-value <0.05 was considered significant.

Table 3 - Complications at presentation

Complications No-reflow
median (IR)
(N=72)
Arrest, n (%) 1(1.4%)
VT, n (%) 1(1.4%)
Shock, n (%) 3 (4.2%)
Heart block, n (%) 1(1.4%)
Hypotension, n (%) 2 (2.8%)
DKA, n (%) 1(1.4%)
CVS, n (%) 1(1.4%)

Reflow p-value
median (IR)

(N = 265)

2 (0.8%) NS

7 (2.6%) NS

2 (0.8%) NS

7 (3.0%) NS

7 (3.0%) NS

5 (1.9%) NS

2 (0.8%) NS

CVS - cerebrovascular stroke; DKA - diabetic ketoacidosis; NS - non-significant; VT — ventricular tachycardia.
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pre-hospital delay of 6.5 hours compared to 5.0 hours in
the reflow group. About 61% of patients in the NR group
were late presenters (chest pain > 6 hours), compared to
45.7% in the reflow group (p <0.024). Both groups had
similar rates of pre-infarction angina during the last few
days before presentation. The presence of Q waves in the
initial ECG showed no difference between both groups,
and it couldn’t be used as a predictor for the occurrence
of no-reflow. There was no statistically significant diffe-
rence in both groups regarding the vital signs and basic
laboratory findings upon presentation.

Most patients received loading doses of dual antipla-
telet therapy (DAPT) before PCl. Clopidogrel as a P2Y,,
inhibitor was the most frequently used compared to ti-
cagrelor (82% vs 18%), with no statistically significant di-
fference between the two groups. More patients in the
reflow group were preloaded with DAPT before hospital
presentation; however, this didn’t result in a significant
impact on the occurrence of NR. The minority of patients
in both groups presented with either cardiac or non-car-
diac complications, such as illustrated in Table 3.

The median door-to-wire crossing time was longer in
the NR group compared to the reflow group (110 vs 90 mi-
nutes) with a statistically significant difference (p = 0.007).

Angiographic findings and PCl characteristics
Femoral access was utilized in most of the study populati-
on. The left anterior descending artery was the most com-
mon culprit vessel in both groups. The initial TIMI flow and
thrombus grade (after passing a wire) show no statistically
significant difference between the groups (Table 4).

The mean reference vessel diameter and target lesi-
on length were comparable in both groups. Regarding
lesion preparation, balloon pre-dilatation was done in
most of the patients in both groups, compared to direct
stenting. The number of stents deployed, and their len-
gth and diameter, didn’t show a statistically significant
difference between the two groups. The failure of >50%
resolution of ST-segment was more frequent in NR com-
pared to the reflow group (45% and 23%, respectively,
p <0.0001).

Predictors of no-reflow

Among different variables, only pre-hospital delay (>6
hours) (p = 0.024) and door-to-wire crossing time (p =
0.007) were associated with the occurrence of no-reflow.
Using the multivariate regression analysis, only the door-
-to-wire crossing time was an independent predictor fac-
tor for no-reflow (p = 0.009).

Table 4 - Angiographic and PCl findings

Variables No-reflow Reflow p-value
number (%) number (%)
(N=72) (N = 265)
Radial access, n (%) 29 (40%) 78 (29%) 0.088
Culprit vessel, n (%) LAD 50 (69%) 153 (57.7%)
LCx 6 (8.3%) 38 (14.3%)
RCA 14 (19.4%) 70 (26.4%) 0.092
SVG 2(2.7) 2(0.8)
LIMA — 2(0.8)
TIMI flow, n (%) 0 57 (79.2%) 180 (67.9%)
| 3 (4.2%) 10 (3.8%)
[ 10 (13.9%) 42 (15.8%) 0.099
I} 2 (2.8%) 33 (12.5%)
Thrombus grade, n (%) High (4/4) 46 (63.9%) 139 (52.5%) e
Low (1-3/4) 26 (36.1%) 126 (47.5%)
Lesion length >20 mm, n (%) 50 (69.4%) 162 (61.1%) 0.217
Coronary ectasia, n (%) 4 (8.2%) 14 (7.8%) 1.0
Method of reperfusion, n (%) Pre-dilatation 66 (91.7%) 222 (83.8%) o
Direct stent 6 (6.3%) 43 (16.2%)
Post dilatation, n (%) 36 (50%) 144 (54.3%) 0.594
More than 1 stent, n (%) 15 (20.8%) 54 (20.3%) 0.566
Stent diameter, median (IR) 3.2+ 0.6mm 3.2+0.5mm 0.427
Stent length, median (IR) 35+ 14 mm 36+ 13 mm 0.615
Post-cath absence of ST-segment 33 (45%) 58 (23%) <0.0001*

resolution >50%, n (%)

LAD - left anterior descending coronary artery; LCx — left circumflex artery; LIMA - left internal mammary artery; RCA - right coronary
artery; SVG - saphenous venous graft. * p-value <0.05 was considered significant.
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Fig. 2 - Adverse cardiovascular outcomes.
Table 5 - Incidence of adverse clinical outcomes in both groups
Variables No-reflow Reflow p-value
number (%) number (%)
(N=72) (N = 265)
MACE, n (%) 17 (24%) 33 (12.4%) 0.024*
Death, n (%) 12 (16.7%) 8 (3%) <0.0001*
HF, n (%) 11 (15.2%) 30 (11.3%) 0.415
Cardiogenic shock, n (%) 5(14.7%) 13 (9.4%) 0.03*
EF % median (IR) 42 (35-52) 50 (40-55) <0.0001*
EF <35%, n (%) 16 (27.1%) 28 (12.6%) 0.009*
Atrial fibrillation, n (%) 2 (5.9) 13 (4.9) 0.684
Hospital duration (day), median (IR) 3 (2.5-5) 3 (2-5) 0.278

EF — ejection fraction; HF — heart failure; IR - interquartile range; MACE — major adverse cardiac events. * p-value <0.05 was considered

significant.

Outcomes of no-reflow

Compared to the reflow group, patients who had NR
were more likely to develop in-hospital complications.
Major adverse cardiovascular events, defined as death or
heart failure, were more frequent in NR vs reflow group
(24% vs 12.4%, respectively, p = 0.024). Individual com-
plications such as death and cardiogenic shock were also
more common in NR group (p-value <0.0001 and 0.03,
respectively). Patients in the NR group had lower post-ca-
theter EF compared to the reflow group (median 42% vs
50%, respectively, p <0.0001) (Table 5 and Fig. 2).

Discussion

The present study assessed the predictors and outcomes
of the no-reflow phenomenon among 337 patients
with acute ST-segment elevation myocardial infarction

who underwent primary percutaneous coronary inter-
vention.

Among the study cohort, the incidence of no-reflow
after primary percutaneous coronary intervention (PCl)
was 21.3%. The incidence of no-reflow in different stu-
dies varies (11% to 41%), depending mainly on the clini-
cal setting and the methods used for diagnosis.®

Outcomes of no-reflow

In this study, patients who developed no-reflow had
worse clinical outcomes compared to patients who
achieved successful reperfusion. A nearly five-fold in-
crease in mortality in NR group compared to the re-
flow group (16.7% vs. 3%, p <0.0001). Similarly, major
adverse cardiovascular events occurred in 24% of NR
patients, compared to 12.4% in the reflow group (p =
0.024). Also, patients with no-reflow had significantly
lower post-procedure ejection fractions (42% vs. 50%,
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p <0.0001) and a higher incidence of severe left ventri-
cular dysfunction (EF <35%).

Our results agreed with prior research demonstrating
the detrimental impact of no-reflow on clinical outcomes
in STEMI patients. A study by Choo et al. similarly found
that patients with no-reflow had higher in-hospital mor-
tality and an increased incidence of heart failure compa-
red to those with successful reperfusion.® Additionally,
Ndrepepa et al. reinforced the association between no-
-reflow and adverse left ventricular remodeling, demon-
strating that no-reflow patients exhibited lower ejection
fractions and larger infarct sizes in both the acute and
chronic phases of myocardial infarction.

At present, there are no specific therapies recommen-
ded for the routine management of no-reflow. However,
the main pathological targets for pharmacological tre-
atment are platelet activation pathway and vasoconstric-
tion. In our study, the management of no-reflow was
guided by the operator’s judgment, and we did not eva-
luate the impact of different therapies on the outcomes.
Some clinical trials have demonstrated the role of GPIIB/
IIA inhibitors in reducing NR."" However, its benefits may
be less evident in the current era of potent P2Y, inhibi-
tors. The use of intracoronary adenosine was associated
with improved TIMI flow and reduced infarct size;'? ho-
wever, some studies reported no benefit in mortality.”™
Also, the other vasoactive substances showed variable
efficacy include epinephrine,' sodium nitroprusside,
verapamil,’® and nicorandil.”” On the other hand, there
are some drugs with less supportive evidence, including
immunosuppressive agents such as cyclosporine,’® and the
tissue-specific modulator of vascular permeability, angio-
poietin-like 4." Recently, some experimental studies sho-
wed a potential benefit of imatinib, a tyrosine-kinase in-
hibitor, in the reduction of NR and infarct size.?°

Predictors of no-reflow

Several clinical, procedural, and angiographic factors
were identified as significant predictors of no-reflow,
highlighting the importance of early risk stratification
and intervention.

Patients in the no-reflow group were more likely to
present with prolonged pre-hospital delay (>6 hours)
and longer door-to-wire crossing time, which is a well-
-established contributor to microvascular dysfunction and
myocardial injury. Consistent with our findings, previous
studies have highlighted prolonged ischemic time and
thrombus burden as key predictors of no-reflow, further
supporting their role in microvascular injury and endo-
thelial dysfunction.??2 This also underscores the clinical
importance of early identification and management of
patients at high risk for no-reflow. Therefore, efforts
should be made to reduce pre-hospital and door-to-ba-
lloon delays.

NR patients demonstrated a higher incidence of post-
-procedure failure of resolution of ST-segment elevation,
which correlates with impaired myocardial perfusion. This
can be used to identify patients with a high likelihood of
no-reflow who should be closely monitored post-proce-
dure for early signs of heart failure and left ventricular
dysfunction, allowing the timely initiation of cardiopro-
tective therapies.?

While most previous studies corroborate our results,
some studies have reported different predictors and out-
comes of no-reflow. For instance, a study by Iwakura et
al. suggested that pre-procedural TIMI flow and collateral
circulation play a more significant role in predicting no-
-reflow than ischemic duration alone.?* In contrast, our
study did not find a statistically significant association
between pre-procedural TIMI flow and no-reflow, poten-
tially due to differences in patient populations and pro-
cedural techniques.

Additionally, some reports have suggested that pre-
loading with P2Y_, inhibitors such as ticagrelor may sig-
nificantly reduce the risk of no-reflow.?> However, in
our study, although a greater proportion of reflow pa-
tients received dual antiplatelet therapy (DAPT) prior to
PCl, this difference did not reach statistical significance.
This discrepancy may be attributed to variations in ti-
ming of DAPT administration, and using clopidogrel in
majority of patients compared to ticagrelor. Therefore,
further investigation using larger prospective trials is
warranted.

In the current cohort, there were no differences con-
cerning artery diameter, mean lesion length, the length
and diameter of the deployed stent between NR and re-
flow groups.

In contrast to Hideki Kitahara et al, who showed that
an IRA diameter above 3.5 mm increased the occurrence
of no-reflow,?® our study demonstrates that large luminal
size and stent size didn’t show a significant impact on the
occurrence of no-reflow.

The no-reflow phenomenon remains a significant
challenge in STEMI management, with considerable im-
plications for short- and long-term outcomes. Our study
confirms that prolonged ischemic time, high thrombus
burden, and procedural delays are key predictors of no-
-reflow and that affected patients experience significant-
ly worse clinical outcomes.

While our findings align with existing literature, vari-
ations in predictors and interventions suggest the need
for further research to refine risk stratification and opti-
mize treatment strategies. Future studies should focus on
novel therapeutic approaches aimed at preserving micro-
vascular function and improving myocardial recovery in
patients at high risk of no-reflow.

Conclusion

Despite new advances in the management of ST-segment
elevation myocardial infarction, the incidence of no-re-
flow after primary PCl is still high, and it is associated with
increased mortality and poor prognosis. In this study, the
prolonged pre-hospital delay (greater than 6 hours) and
the door-to-wire crossing time were identified as inde-
pendent predictors of no-reflow. Therefore, all efforts
should be made to modify factors associated with pre-
-hospital delay and establishing in-hospital fast pathways
to shorten door-to-wire crossing time.
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Chronické onemocnéni vyvolané zmnozenim tukové tkéané a kardio-reno-metabolicky syndrom (cardiovas-
cular-kidney-metabolic, CKM) vyznamné pfispivaji k zatézi neprfenosnymi onemocnénimi (non-communica-
ble disease, NCD), zvlasté v zemich s nizkym a stfedné vysokym pfijmem na hlavu (low- and middle-income
countries, LMICs), kde je casna stratifikace rizika stéle jesté nedostatecna. V této studii se hodnotila spolehli-
vost pouziti hodnot endotelinu-1 (ET-1) a poméru triglyceridy-cholesterol v lipoproteinech o vysoké hustoté
(triglyceride-to-high-density lipoprotein cholesterol, TG/HDL-C) jako ¢asnych, nakladové ucinnych biomar-
kerd pfi stanovovani kardiovaskularniho rizika u osob s chronickym onemocnénim vyvolanym zmnozenim
tukové tkané (adiposity-based chronic disease, ABCD) a v ¢asném stadiu CKM syndromu.
U osob ve véku 30 az 65 let s ABCD (index télesné hmotnosti > 25 kg/m2) nebo v 1. stadiu syndromu CKM
bylo provedeno analytické experimentdlni vySetieni. Zarazovaci kritéria splnilo 97 ucastnikl studie. Byly
stanoveny koncentrace ET-1 v plazmé a lipidové profily a jedinci byli klasifikovani podle zavaznosti obezity.
Statistické analyzy se provadély s pouzitim jednosmérné analyzy rozptylu (analysis of variance, ANOVA), post
hoc testovani a multivaria¢ni regrese.
Jednosmérna ANOVA prokazala rozdily v hodnotach ET-1 a pomérech TG/HDL-C v zavislosti na stupni obezi-
ty, s hodnotami < 0,001 u obou parametrd. Nejméné statisticky vyznamny rozdil (least significant difference,
LSD) v neobézni subpopulaci ve srovnani s obézni subpopulaci (p = 0,051) se vyznamné lisil od populace
s obezitou 2. stupné (p < 0,001). Hodnoty LSD u poméru TG/HDL-C proto vykazovaly statisticky vyznamné
rozdily mezi neobézni populaci a populaci s obezitou 1. stupné (p = 0,002) a mezi neobézni populaci a po-
pulaci s obezitou 2. stupné (p < 0,001). Multivaria¢ni analyza odhalila statisticky vyznamné rozdily v prdmér-
nych hodnotach proménné ET-1 mezi subpopulaci s obezitou 2. stupné a neobézni subpopulaci, s pomérem
Sanci 216,29 (95% interval spolehlivosti [CI] 91,25-341,33; p = 0.000), i mezi subpopulacemi s obezitou 2.
stupné vs. obezitou 1. stupné, s pomérem Sanci 119,49 (95% Cl 60,68-178,29; p = 0.000). Pomér TG/HDL-C
vykazoval statisticky vyznamny vliv na neobézni populaci i populace s obezitou 1. i 2. stupné, s pomérem
$anci 3,16 (95% €l 0,71-5,52; p < 0,001).
Nase vysledky prokazaly endotelovou dysfunkci u viech tcastniki studie. Vzhledem k poméru TG/HDL-C byla
u vSech pfitomna inzulinova rezistence. Hodnocena populace byla zafazovéna do skupin se stfedné vysokym
rizikem (n = 10) a s vysokym rizikem (n = 87) rozvoje aterosklerotické kardiovaskularni nemoci podle atero-
genniho indexu plazmy (AIP).
Na zékladé AIP bylo u vétSiny jedincli rozpoznéno vysoké riziko inicidlni aterosklerotické kardiovaskularni
pfihody. Zac¢lenéni hodnot ET-1 a poméru TG/HDL-C do algoritmu stanovovani kardiovaskularniho rizika
muze usnadnit ¢asné vyhledavéni a l1é¢bu jedincli s ABCD a syndromem CKM a zvysit Ucinnost prevence ne-
prenosnych onemocnéni usilujici o dosazeni udrzitelného rozvoje.

© 2026, CKS.

ABSTRACT

Adiposity-related chronic diseases and cardiovascular-kidney-metabolic (CKM) syndrome significantly contri-
bute to the burden of non-communicable diseases (NCDs), especially in low- and middle-income countries
(LMICs), where early risk stratification is still inadequate. This study evaluated the efficacy of endothelin-1
(ET-1) and the triglyceride-to-high-density lipoprotein cholesterol (TG/HDL-C) ratio as early, cost-efficient
biomarkers for cardiovascular risk assessment in persons with adiposity-based chronic disease (ABCD) and
early-stage CKM syndrome.
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An analytical experimental investigation was performed on persons aged 30 to 65 years with ABCD (body
mass index >25 kg/m?) or stage 1 CKM syndrome. 97 participants met the inclusion criteria. Plasma ET-1 con-
centrations and lipid profiles were assessed, and individuals were classified based on the severity of obesity.
Statistical analyses comprised one-way analysis of variance, post hoc testing, and multivariate regression.
The one-way ANOVA test revealed significant differences in ET-1 levels and TG/HDL-C ratios relative to the
degree of obesity, with p-values <0.001 for both measurements. The least significant difference (LSD) in the
non-obesity sub-population compared to obesity (p-value = 0.051) was significantly distinct from the obesity
Il population (p-value <0.001). Consequently, the LSD test of the TG/HDL-C ratio revealed significant diffe-
rences in the non-obesity population compared to obesity | (p-value = 0.002) and non-obesity versus obesity
Il (p-value <0.001). The multivariate analysis revealed statistically significant differences in the mean values
of the ET-1 variable between the obesity Il sub-population and the non-obesity sub-population, with an
odds ratio of 216.29 (95% Cl: 91.25-341.33; p-value = 0.000), as well as between obesity Il and obesity I, with
an odds ratio of 119.49 (95% Cl: 60.68-178.29; p-value = 0.000). The TG/HDL-C ratio exhibited a statistically
significant impact on the non-obesity, obesity I, and obesity Il populations, with an odds ratio of 3.16 (95%
Cl: 0.71-5.52; p-value <0.001).

The findings demonstrated that all participants displayed endothelial dysfunction. All participants were cha-
racterized as exhibiting insulin resistance based on the TG/HDL-C ratio. The study population was classified
into moderate risk (n = 10) and high risk (n = 87) for the initial incidence of atherosclerotic cardiovascular
disease using the atherogenic index of plasma (AIP) method.

The atherogenic index of plasma indicated that most individuals were classified as having a high risk for an
initial atherosclerotic cardiovascular event. Incorporating ET-1 and TG/HDL-C ratio into cardiovascular risk
assessment models may improve the early identification and management of ABCD and CKM syndrome,
facilitating effective non-communicable disease prevention aligned with sustainable development goals.

Graphical abstract
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Introduction

(CKD)." NCDs are widely acknowledged as the primary
cause of worldwide mortality, responsible for about 73%

The worldwide prevalence of non-communicable dise-
ases (NCDs), especially adiposity-based chronic disease
(ABCD) and cardiovascular-kidney-metabolic (CKM) syn-
drome, is increasing, presenting substantial difficulties
to healthcare systems globally, particularly in low- and
middle-income countries (LMICs). ABCD, defined by exce-
ssive adiposity and its metabolic ramifications, is closely
associated with CKM syndrome, a constellation of inter-
connected disorders that significantly elevate the risk of
cardiovascular disease (CVD) and chronic kidney disease

of annual fatalities.

In 2010, almost 80% of these fatalities transpired in
LMIGCs, areas experiencing swift demographic transfor-
mations, such as population aging, urbanization, height-
ened tobacco use, and changing dietary and obesity
trends. Nonetheless, the PHC systems in LMICs, historically
concentrated on infectious diseases and maternal-child
health, are not prepared to address the increasing preva-
lence of NCDs.2? The PHC systems of LMICs, traditionally
focused on infectious diseases and maternity and child
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health, are inadequately structured to incorporate NCD
treatment.

For notwithstanding progress in comprehending the
pathophysiology of ABCD and CKM, prevailing PHC poli-
cies sometimes lack efficient instruments for early risk
classification, hence constraining prompt management.
Recent evidence underscores the potential of incorporat-
ing biomarkers like ET-1, a powerful vasoconstrictor as-
sociated with endothelial dysfunction and renal damage,
alongside the TG/HDL-C ratio, a recognized surrogate
marker of atherogenic dyslipidaemia, as complementary
indicators of subclinical cardiovascular risk.%>

ET-1 levels connect with diminishing glomerular filtra-
tion rate and cardiovascular incidents, whereas the TG/
HDL-C ratio forecasts insulin resistance and coronary ar-
tery disease, even in individuals with normal cholesterol
levels. Nonetheless, the utilization of these biomarkers
in primary healthcare settings, especially in resource-
constrained areas, remains insufficiently investigated. A
significant deficiency exists in existing clinical guidelines
concerning their application for early identification and
risk stratification in ABCD and CKM populations.®’

Addressing this deficiency corresponds with global
health priorities, such as the SDGs and national health
security frameworks, by advancing precision medicine
strategies that are both economically viable and scal-
able. This study aims to present a transformative primary
healthcare model that incorporates ET-1 and TG/HDL-C
ratio measures to improve subclinical cardiovascular risk
assessment in persons with ABCD and CKM syndromes.5’

This method aims to enable earlier diagnosis, direct
customized therapies, and ultimately enhance cardiovas-
cular and renal outcomes in high-risk groups. Integrating
these indicators into a predictive, preventive, and person-
alized medicine (3PM) framework presents a significant
potential to transition from reactive to proactive treat-
ment. The predictive elements provide the identification
of patients at increased risk prior to clinical symptoms,
while preventative measures can be customized according
to biomarker profiles to reduce disease development.®'°

Tailored therapies, guided by ET-1 and the TG/HDL-C
ratio, enhance therapeutic decision-making, increasing
effectiveness and reducing side effects. The utilization of
these biomarkers in PHC settings, especially in resource-
constrained areas, remains insufficiently investigated.
Concerning their application for early identification and
risk assessment in ABCD and CKM cohorts. Addressing
this deficiency corresponds with global health priori-
ties, such as the SDGs and national health security (NHS)
frameworks, by advancing precision medicine strategies
that are both economically viable and scalable. The pri-
mary objective of this study is to propose a transforma-
tive primary healthcare model that incorporates ET-1 and
TG/HDL-C ratio measures within a three-phase model to
improve subclinical cardiovascular risk assessment in per-
sons with ABCD and CKM syndrome.™"-"

NHS activities prioritize fortifying health systems for
the effective management of non-communicable dis-
eases, guaranteeing fair access to diagnostics and care,
and augmenting population resilience against chronic
ailments. Simultaneously, the Sustainable Development
Goals, especially Goal 3, which seeks to guarantee healthy

lives and enhance well-being for all individuals across all
age groups, emphasize the reduction of premature mor-
tality from non-communicable diseases through preven-
tion and treatment. The World Health Organization and
national programs promote the incorporation of cost-
effective, scalable interventions into primary healthcare
to meet these objectives, emphasizing the significance of
new biomarker-driven solutions in resource-constrained
environments.'-"®

This study aims to assess the efficacy of incorporating

plasma ET-1 levels and the TG/HDL-C ratio within a pre-
dictive, preventive, personalized, and participatory medi-
cine (4PM) framework to improve subclinical cardiovascu-
lar risk stratification in individuals with ABCD and CKM
syndrome in primary healthcare environments.

The primary objectives are to:

1) assess the relationship between ET-1 levels and the
TG/HDL-C ratio with markers of subclinical cardio-
vascular and renal dysfunction in the ABCD and
CKM cohorts;

2) evaluate the predictive effectiveness of combined
ET-1 and TG/HDL-C assays for the early detection of
those at heightened risk of cardiovascular events
and renal progression;

3) examine the feasibility and therapeutic relevance of
integrating ET-1 and TG/HDL-C ratio evaluations in
resource-limited primary healthcare environments,
and;

4) align the biomarker-based risk stratification tech-
nique with national health security (NHS) goals and
Sustainable Development Goals (SDGs) to improve
the management and outcomes of non-communica-
ble illnesses.

Methodology study framework

This study utilized an analytical cross-sectional design
grounded in the principles of 4PM. Objective is to assess
the efficacy of ET-1 and the TG/HDL-C ratio in stratifying
subclinical cardiovascular risk in persons with ABCD and
CKM syndrome. Individuals aged 30-65 years diagnosed
with ABCD or CKM syndrome will be recruited in a LMIC
context, representing actual clinical practice limitations
and demographic diversity.

Data collection and measurements: at baseline, par-
ticipants will receive a thorough clinical evaluation,
encompassing anthropometric measurements and the
acquisition of blood samples for ET-1 quantification (by
ELISA) and lipid profiling to determine the TG/HDL-C ra-
tio. Further information regarding demographics, medi-
cal history, lifestyle factors, and medication usage will be
gathered. The study will evaluate the predictive ability
of ET-1 and the TG/HDL-C ratio both separately and in
conjunction. The study incorporates 4PM by emphasizing
early prediction, focused prevention interventions, and
individualized risk profile.

The study procedure will comply with international
ethical standards and obtain approval from pertinent
institutional review boards. Informed consent will be se-
cured from all participants, guaranteeing confidentiality
and data protection.
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Setting

This study takes place in primary healthcare centre and
tertiary hospitals situated in urban regions of a LMIC,
illustrating the healthcare delivery environment where
ABCD and CKM syndrome are prevalent yet frequently
underdiagnosed. The chosen locations exemplify typical
resource-limited settings marked by restricted access to
sophisticated diagnostic instruments, workforce defici-
encies, and heterogeneous patient demographics with
differing socioeconomic statuses. This includes standard
management of cardiovascular and metabolic diseases,
facilitating the incorporation of biomarker evaluati-
ons such as ET-1 and TG/HDL-C ratio into current clinical
practices.

Laboratory analysis will utilize established, cost-effici-
ent assays that align with local infrastructure to guaran-
tee practicality and sustainability. This setting facilitates
the assessment of the 4PM approach under real-world
conditions that correspond with national health security
priorities and SDGs, with the objective of enhancing early
detection and management of subclinical cardiovascular
risk in ABCD and CKM patients within primary health care
frameworks.

Conseptual framework

The conceptual framework of this study examines the
paradoxical role of obesity in CKM syndrome, integra-
ting key biomarkers — ET-1 and the TG/HDL-C ratio - to
improve subclinical cardiovascular risk assessment within
the 4PM paradigm. (as illustrated in Figure 1).'® Incorpo-
rating essential elements in which paradoxical obesity in
cardiovascular risk management syndrome, while obesity
is a recognized risk factor for CVD and CKD, paradoxical
obesity denotes instances where heightened adiposity is
correlated with unforeseen beneficial cardiovascular out-
comes or inconsistent risk profiles."”

This paradox hampers risk evaluation and therapeutic
decision-making in ABCD and CKM syndrome.'" ET-1,
a pathophysiological mediator, is a powerful vasocon-
strictor and pro-inflammatory peptide that is raised in
cases of endothelial failure and renal damage. Elevated
ET-1 levels correlate with deteriorating renal function
and facilitate vascular remodelling and hypertension,
hence associating obesity with cardiovascular and renal
diseases.

The TG/HDL-C ratio indicates atherogenic dyslipidae-
mia and insulin resistance, acting as a proxy marker for
lipid-associated cardiovascular risk." Increased TG/HDL-C
ratios are associated with heightened plaque susceptibili-
ty and worse cardiovascular outcomes.>7:2

The interaction of biomarkers and the resolution of pa-
radoxes involving ET-1 and the TG/HDL-C ratio may clarify
the mechanisms of paradoxical obesity by distinguishing be-
tween metabolically healthy and unhealthy adiposity phe-
notypes, as well as revealing subclinical vascular damage
not detectable by traditional metrics like BMI alone.®

The integration of 4PM facilitates early detection of
elevated ET-1 and TG/HDL-C ratios, allowing for the iden-

tification of individuals at increased risk despite atypical
obesity presentations. This preventive approach enables
targeted interventions to modulate ET-1 pathways and
lipid abnormalities, thereby averting the progression to
overt CVD and CKD. Personalized medicine for risk strati-
fication utilizing integrated biomarker profiles facilitates
individualized therapy approaches adapted to the distinct
pathophysiology of patients. In the context of health sys-
tems, integrating this biomarker-driven 3PM model into
primary healthcare aligns with national health security
objectives and SDGs, fostering equitable and cost-effecti-
ve strategies for managing ABCD and CKM syndromes in
low- and middle-income countries.'®

Results

A total of 97 participants were diagnosed with ABCD and
CKM syndrome. The baseline characteristics are presen-
ted in Tables 1-4."

This study involved 97 patients, categorized by inclusi-
on criteria as follows: non-obesity (n = 5), obesity | (n =
27), and obesity Il (n = 65).

The ET-1 difference test between individuals with and
without obesity was conducted using one-way ANOVA,
as the data distribution conformed to normality as de-
termined by the Kolmogorov-Smirnov test. The results of
the ET-1 difference test and the TG/HDL ratio regarding
the degree of obesity, assessed using one-way ANOVA,
produced a p-value <0.001. The ET-1 level variable de-
monstrated a significant difference (p-value <0.005) con-
cerning the degree of obesity, as did the TG/HDL-C ratio
variable (p-value <0.005) in regard to the degree of obe-
sity. The LSD test was performed to determine the signifi-
cance within each population group.

The post hoc test revealed that the ET-1 level in the
non-obesity population group was significantly different
from obesity group | (p-value <0.001) and significantly di-
fferent from obesity group Il (p-value <0.001). However,
the ET-1 level in obesity group | was not significantly di-
fferent from obesity group Il (p-value = 0.051). The TG/
HDL-C ratio, as determined by the post hoc test, revealed
a significant difference between the non-obesity popula-
tion group and obesity group | (p-value <0.001), as well
as between the non-obesity group and obesity group II
(p-value <0.001). However, obesity group | did not signi-
ficantly differ from obesity group Il (p-value = 0.051). The
results are presented in Table 4, as indicated by the mul-
tivariate analysis.

The multivariate analysis indicated that the ET-1 vari-
able significantly influenced the non-obesity population
(OR =216.29; 95% Cl: 91.25-341.33; p-value = 0.000) and
the obesity | population (OR = 119.49; 95% Cl: 60.68-
178.29; p-value = 0.000). The TG/HDL ratio in the obesity
Il population significantly influenced the obesity | popu-
lation (OR =2.94; 95% Cl: 1.75-4.12; p-value <0.001), indi-
cating that an elevated TG/HDL-C ratio serves as a marker
for heightened metabolic risk corresponding to the seve-
rity of obesity.

ET-1, a powerful vasoconstrictor and pro-inflammatory
agent, may contribute to endothelial dysfunction and in-
sulin resistance, worsening obesity and metabolic dysre-
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Table 1 - Characteristics of this study'’

Characteristics

Mean = SD
Age (years) 43.4 +5.89
BMI (kg/m?) 24.06 + 0.61
ET-1 289.40 + 100.83
Triglycerides 172.47 = 71.55
Total cholesterol 193.15 + 61.34
LDL-cholesterol 136.3 + 16.81
HDL-cholesterol 50.15 + 5.40
TG/HDL-C ratio 3.56 + 1.94

Non-obesity (n = 5)

Obesity I (n = 27)

Mean = SD
37.89 + 8.38
34.43 £ 2.73

386.21 + 104.69

295.07 + 98.54
280.55 +39.0
157.67 +£9.39
48.4 + 6.02
6.50 £ 2.45

Obesity Il (n = 65)

Mean + SD
39.96 + 8.05
27.62 = 1.08
505.70 + 107.66
307.2 £ 130.37
292.6 +£31.18
161.5 + 9.45
46.81 +5.51
6.67 +3.48

p-value

0.642
0.533
<0.001
<0.001
0.103
0.091
0.303
<0.001

* Significant if p-value <0.005

Table 2 - Research difference test"”

Variables n (%)
ET-1 97 (100%)
TG/HDL-C ratio 97 (100%)

Non-obesity Obesity |

Mean = SD Mean = SD
289.40 + 100.83 386.21 + 104.69
3.56+1.94 6.50 + 2.45

Obesity Il p-value
Mean + SD

505.70 + 107.66 <0.001
6.67 +3.48 <0.001

* One-way ANOVA significant if p-value <0.005

Table 3 - Post hoc test in this study’

Sub-population study

Variables

ET-1 Non-obesity
Obesity |

TG/HDL-C ratio Non-obesity
Obesity |

Obesity |
Obesity Il
Obesity Il
Obesity |
Obesity Il
Obesity Il

p-value
<0.001
<0.001
0.051
<0.001
<0.001
0.002

* Significant if p-value <0.005.

Table 4 - Multivariate analysis of ET-1 and TG/HDL-C ratio against obesity degree”

Variables BMI category

ET-1 Non-obesity
Obesity |
Obesity Il

TG/HDL-C ratio Non-obesity

Obesity |

Obesity I

Sub-categories BMI
Obesity |
Obesity Il
Non-obesity
Obesity Il
Non-obesity
Obesity |
Obesity |
Obesity Il
Non-obesity
Obesity Il
Non-obesity
Obesity |

p-value
0.152
0.000*
0.152
0.000
0.000
0.000
0.006
1.000
0.006
0.000
1.000
0.000

0Odds ratio (OR) (95% Cl)
-96.80 (-215.99 to 22.39)
-216.29 (-341.33 to -91.25)
96.80 (-22.39 to 215.99)
-119.49 (-2.42 to 6.58)
216.29 (91.25 to 341.33)
119.49 (60.87 to 178.29)
3.11(0.71 to 5.15)

0.17 (-2.34 to 2.69)

-3.11 (-5.51 t0 -0.71)
-2.94 (-4.12 to -1.75)
-0.17 (-2.69 to 2.34)
2.94 (1.75 t0 4.12)

* Significant if p-value <0.005.
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ET-1 obesity Il vs non-obesity

ET-1 obesity Il vs obesity |

TG/HDL obesity Il vs obesity |

Total cholesterol non-obesity vs obesity |

Total cholesterol obesity Il vs obesity |

LDL non-obesity vs obesity |

LDL obesity Il vs obesity |

Triglycerides obesity Il vs obesity |

LDL obesity Il vs obesity |

O o - - o - e e e S e R e e R G S e S e e e

50

° — p=0.005
° p <0.005
p <0.005
. p =0.001
. p =0.001
p=0.001
p <0.001
@ p <0.001
° p <0.001
100 150 200 250 300 350

Odds ratio (95% Cl)

Fig. 2 - Forest plot for ET-1, TG/HDL-C ratio, total cholesterol, LDL-C, and triglycerides across obesity categories.

gulation. In which from non-obesity versus obesity | with
OR =119.49 (95% Cl: 60.68-178.29; p-value = 0.000) ET-1
levels exhibit a robust, dose-dependent correlation with
moderate obesity (obesity 1), albeit with a lesser impact
size compared to obesity II. This gradient facilitates ET-1s
contribution to the advancement of obesity.

The TG/HDL-C ratio and the severity of obesity which
class | obesity versus class Il obesity, the OR = 2.94 (95%
Cl: 1.75-4.12; p-value = 0.000) mean the TG/HDL-C ratio
is markedly elevated in obesity Il relative to obesity I, ex-
hibiting an almost threefold increase in odds per unit in-
crement in the ratio. This ratio, indicative of atherogenic
dyslipidaemia and insulin resistance, intensifies with the
progression of obesity, underscoring its relevance in asse-
ssing metabolic risk.

ET-1 as a significant indicator of obesity severity with
the remarkably elevated odds ratio for ET-1 indicates it is
a primary biomarker for differentiating obesity classifica-
tions, likely signifying its involvement in vascular and me-
tabolic impairment. Nonetheless, the substantial impact
sizes necessitate caution; potential explanations include
collinearity. ET-1 may exhibit a high correlation with un-
measured variables, such as visceral obesity or renal im-
pairment. ET-1 levels may have a non-linear correlation,
with only concentrations over a crucial threshold influen-
cing the course of obesity. The TG/HDL-C ratio serves as a
graded metabolic risk indicator, with its incremental rise
across obesity classifications corresponding to its recogni-
zed function in forecasting cardiovascular risk.

The moderate odds ratio (2.94) highlights its signifi-
cance in clinical practice for early metabolic risk evalua-
tion. Biological synergy: the concurrent increase of ET-1
and TG/HDL-C ratio may synergistically enhance oxida-

tive stress, inflammation, and endothelial injury, hence
expediting ABCD/CKM progression. The observational
approach prevents causal inferences; long-term studies
are required to validate ET-1's involvement in obesity
development. Generalizability: excessive odds ratios for
ET-1 may indicate cohort-specific attributes (e.g., genetic
or environmental variables). Although these biomarkers
exhibit potential, the cost-effectiveness and practicality
of routine ET-1 testing in primary care necessitate assess-
ment with a definitive conclusion: ET-1 and the TG/HDL-C
ratio are reliable, complementary biomarkers for the clas-
sification of metabolic risk associated with obesity.

The forest plot and multivariate analysis results elu-
cidate significant insights into the correlation between
endothelin-1 (ET-1) and the TG/HDL-C ratio with obesity
severity, underscoring their functions as metabolic risk
indicators in adiposity-based chronic disease (ABCD) and
cardiovascular-kidney-metabolic (CKM) syndrome (Fig. 2).

ET-1 and obesity Il compared to non-obesity: OR =
216.29 (95% Cl: 91.25-341.33; p-value = 0.000) The excep-
tionally high odds ratio (OR) indicates that increased ET-1
levels are highly predictive of severe obesity (obesity Il) in
comparison to non-obese persons. The broad confidence
interval (Cl) signifies considerable heterogeneity in the
effect magnitude, although the statistically significant p-
-value underscores the strength of this link.

The TG/HDL-C ratio and the severity of obesity: obesity
| compared to obesity 1l: OR = 2.94 (95% Cl: 1.75-4.12;
p-value = 0.000). The TG/HDL-C ratio is markedly eleva-
ted in obesity Il relative to obesity I, exhibiting an almost
threefold increase in odds per unit increase in the ratio.
This ratio, indicative of atherogenic dyslipidemia and in-
sulin resistance, intensifies with the progression of obesi-
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Fig. 3 - Risk stratification in the present study

ty, underscoring its relevance in assessing metabolic risk.
The remarkably elevated odds ratio for ET-1 indicates it is
a primary biomarker for differentiating obesity groups,
likely signifying its involvement in vascular and metabolic
dysfunction.

Nonetheless, the substantial effect sizes necessitate
prudence; potential explanations encompass collinearity:
ET-1 may exhibit a strong correlation with unmeasured
variables (e.g., visceral obesity or renal impairment). ET-1
levels may demonstrate a non-linear correlation, wherein
only amounts over a crucial threshold facilitate the evo-
lution of obesity. The TG/HDL-C ratio serves as a graded
metabolic risk indicator, with its incremental rise across
obesity classifications corresponding to its recognized
function in forecasting cardiovascular risk.

The moderate odds ratio (2.94) highlights its signifi-
cance in clinical practice for early metabolic risk evalua-
tion. The concurrent increase of ET-1 and TG/HDL-C ratio
may synergistically enhance oxidative stress, inflammati-
on, and endothelial injury, hence expediting ABCD/CKM
progression. The observational approach prevents causal
inferences; longitudinal studies are required to validate
ET-1's involvement in obesity development.

The elevated odds ratios for ET-1 may indicate traits
particular to the group, such as genetic or environmental
influences. Although these biomarkers exhibit potential,
the cost-effectiveness and practicality of frequent ET-1
testing in primary care necessitate assessment, leading to
the conclusion that ET-1 and the TG/HDL-C ratio are reli-
able, complimentary biomarkers for stratifying metabolic
risk associated with obesity.

Integrating them into fundamental healthcare proce-
sses should enhance the early detection of high-risk ABCD/
CKM patients, enabling customized therapy to mitigate
cardiovascular and renal repercussions. Further molecu-
lar studies are necessary to clarify ET-1's conflicting role
in obesity and metabolic dysfunction. The predictive va-
lue of the atherogenic index of plasma (AIP) is noted to
be significant for the occurrence of atherosclerosis, with
evidence-based medicine (EBM) specifying the AIP cut-off
classifications: 0.3-0.11 as low risk, 0.11-0.21 as moderate

risk, and >0.21 as high risk for the development of initial
atherosclerotic heart disease.

The EBM cut-off indicates that the risk stratification
for atherosclerotic cardiovascular disease incidence, as
illustrated in Figure 3, categorizes the study population
into moderate and high risk for first-time heart disease
based on the AIP, necessitating increased focus from the
standpoint of 4PM.

Discussion

The multivariate analysis demonstrates that endothelin-1
(ET-1) and the triglyceride-to-HDL cholesterol (TG/HDL-C)
ratio are significant and independent predictors of obesi-
ty severity and metabolic risk in relation to adiposity-ba-
sed chronic disease (ABCD) and cardiovascular-kidney-me-
tabolic (CKM) syndrome.>?'?? The significantly increased
odds ratios (ORs) for ET-1 in both obesity Il (OR = 216.29;
95% Cl: 91.25-341.33) and obesity | (OR = 119.49; 95% Cl:
60.68-178.29) populations, in comparison to non-obese
individuals, highlight ET-1's strong correlation with the
advancement of adiposity and its prospective function as
a biomarker for vascular and metabolic dysfunction.
These findings corroborate previous research indica-
ting ET-1's role in endothelial dysfunction, vasoconstric-
tion, and pro-inflammatory pathways that contribute to
the development of cardiovascular and renal problems
associated with obesity.?*?* The dose-dependent aug-
mentation of ET-1's effect size from obesity | to obesity
Il indicates a gradual pathophysiological influence, po-
tentially signifying heightened endothelial damage and
metabolic dysfunction as adiposity intensifies. Neverthe-
less, the notably elevated odds ratios necessitate careful
interpretation, as they may indicate residual confounding
or threshold effects in ET-1 expression that disproportio-
nately increase risk in cases of severe obesity.?*? The TG/
HDL-C ratio had a statistically significant correlation with
the severity of obesity, presenting an odds ratio of 2.94
(95% Cl: 1.75-4.12) for obesity ii in comparison to obesity
I. This discovery supports a substantial body of evidence
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that recognizes the TG/HDL-C ratio as a dependable su-
rrogate marker for atherogenic dyslipidaemia and insulin
resistance.’*%

A moderate but notable increase in chances indicates
that lipid problems worsen with increasing obesity, hence
elevating cardiometabolic risk. Utility in primary healthca-
re contexts, especially in resource-constrained areas.?*?'
The integrated assessment of ET-1 and the TG/HDL-C ra-
tio provides a sophisticated insight into the contradicto-
ry influence of obesity on cardiovascular and metabolic
health.?®32 Traditional measurements like BMI offer a ru-
dimentary assessment of body fat, but new biomarkers
elucidate underlying pathophysiological mechanisms,
vascular impairment, and lipid metabolism, thereby more
properly representing individual risk profiles. This bio-
marker synergy facilitates a predictive, preventive, and
personalized medicine (3PM) strategy, allowing for the
early identification of high-risk people and customized
therapeutic options.?33¢

Strengths and limitations

A multitude of restrictions requires consideration. The
observational approach precludes causal inferences, and
the potential for residual confounding remains even mul-
tivariate adjustment. The significant odds ratios for ET-1
may indicate population-specific effects or measurement
variability. The measurement of ET-1 via ELISA may hin-
der scalability for primary care due to its reliance on la-
boratory infrastructure, trained personnel, extended tur-
naround times, and elevated operational costs per test,
which diminishes feasibility in resource-limited environ-
ments; thus, the development of a validated point-of-ca-
re lateral flow assay (LFA) is essential to facilitate broader
screening, expedite decision-making, and promote a pre-
ventive, early-detection service model.

Future direction

The forthcoming research initiative aims to convert the
ET-1 assay from an ELISA platform into a rapid, straight-
forward, and scalable point-of-care lateral flow assay
(LFA) for primary care in LMICs. This transition will faci-
litate earlier and broader screening for subclinical endo-
thelial dysfunction in ABCD/CKM, aligning with primary
healthcare reforms that advocate a shift from the “sick”
paradigm (curative-reactive, concentrating on complica-
tions) to the “health” paradigm (promotive-preventive,
emphasizing early detection and management of risk fac-
tors prior to organ damage).

Subsequent actions must encompass the validation of
the analytical and clinical efficacy of the ET-1 LFA in com-
parison to ELISA (including accuracy, precision, stability in
tropical climates, and sample interference), the determi-
nation of operational cut-offs for risk stratification, and
the incorporation of ET-1 (LFA) with other cost-effective
indicators such as the TG/HDL-C ratio and AIP into a risk
score that autonomously initiates a standardized suite of
preventive measures (structured lifestyle counselling, ear-
ly targeted risk factor therapy, and selective referral).

Consequently, biomarkers serve not merely as diagnos-
tic instruments but as “health-guided care” mechanisms
that transform the care paradigm: shifting from a re-
active approach of waiting for patients to become ill to
a proactive strategy aimed at maintaining the health of
at-risk populations through consistent monitoring, com-
prehensible risk feedback, and anticipatory follow-up at
the community health centre level.

Conclusions

This study underscores the need of incorporating ET-1
and TG/HDL-C ratio into cardiovascular risk assessment
models for individuals with ABCD and CKM syndrome.
Their strong correlations with obesity severity and meta-
bolic risk underscore their capacity to revolutionize pri-
mary healthcare through the facilitation of early, tailored
therapies in accordance with national health security and
SDGs. Biomarker-driven methods are expected to impro-
ve clinical outcomes and alleviate the worldwide burden
of non-communicable illnesses.
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Transthyretinova amyloidéza (ATTR) srdce je progresivnim a v konecnych dlsledcich fatalnim onemocnéni
charakterizovanym ukladanim nerozpustnych amyloidnich fibril, odvozenych z nespravné slozeného pro-
teinu transthyretinu (TTR), v myokardu. V Ceské republice zcela dominuje tzv. divoka forma ATTR srdce
(ATTRwt), typicky postihujici jedince starsi 65 let. Dédi¢na forma ATTR (ATTRV) je v nasich podminkach prav-
dépodobné vzacna. V poslednich 15 letech dochazi k vyraznému rozvoji na poli specifické, chorobu modi-
fikujici 1é¢by ATTR srdce. Tato se zaméfuje bud na ovlivnéni syntézy TTR v jatrech (supresory tvorby), na
stabilizaci tetramerd TTR v séru nebo, zatim v ramci vyzkumu, na odstranéni jiz vytvorenych amyloidnich
fibril. V predkladaném prehledovém c¢lanku je predstaven novy peroralni stabilizator TTR akoramidis, jehoz
podani vede k téméf kompletni stabilizaci koncentraci TTR v séru. Klinicky efekt 1é¢by ATTR srdce akorami-
disem asociovany s vyznamnym ovlivnénim morbidity a mortality postizenych jedinci byl prokazan v ramci
primarniho sledovaného cile studie ATTRibute-CM. Od uUnora 2025 je akoramidis (Beyonttra) registrovan
k lé¢bé ATTR srdce u dospélych pacientd v Evropské unii.

© 2026, CKS.

ABSTRACT

Transthyretin amyloidosis (ATTR) of the heart is a progressive and ultimately fatal disease characterized by
the deposition of insoluble amyloid fibrils, derived from the misfolded protein transthyretin (TTR), in the
myocardium. In the Czech Republic, wild-type ATTR cardiomyopathy (ATTRwt) dominates, typically affecting
individuals older than 65 years. The hereditary form of ATTR (ATTRv) is probably rare in our country. In the
last 15 years, there has been a significant development in the field of specific, disease-modifying treatment
of ATTR cardiomyopathy. This therapy focuses either on influencing TTR synthesis in the liver (suppressors
of TTR formation), on stabilizing TTR tetramers in serum or, so far within the framework of research, on
removing already formed amyloid fibrils. This overview presents a new oral TTR stabilizer acoramidis, the
administration of which leads to almost complete stabilization of serum TTR levels. The clinical effect of trea-
ting ATTR cardiomyopathy with acoramidis, associated with a significant impact on morbidity and mortality
of affected individuals, was demonstrated within the primary endpoint of the ATTRibute-CM trial. Since
February 2025, acoramidis (Beyonttra) has been registered for the treatment of ATTR of the heart in adult
patients in the European Union.

Adresa pro korespondenci: Prof. MUDr. Tomas Palecek, Ph.D., Il. interni klinika kardiologie a angiologie, 1. [ékaiské fakulta Univerzity Karlovy
a Véeobecna fakultni nemocnice v Praze, U Nemocnice 2, 128 08 Praha 2, Ceska republika, e-mail: tomas.palecek@If1.cuni.cz

DOI: 10.33678/cor.2025.131

Tento ¢lanek prosim citujte takto: Palecek T. Akoramidis: dalsi moznost léchy transthyretinové srdecni amyloiddzy. Cor Vasa 2026;68:61-65.



62

Akoramidis: dal$i moznost Iécby ATTR

Transthyretinova amyloidoza srdce

Spole¢nym rysem vsech typl amyloidéz je extracelular-
ni uklddani abnormalniho materialu bilkovinné povahy,
amyloidovych fibril, které jsou vzhledem ke své konfor-
maci tzv. beta-skladaného listu vysoce rezistentni k pro-
teolyze. Progresivni depozice amyloidu dlouhodobé
vede nejen k naruseni struktury, ale i funkce postize-
nych tkdni a orgadnl. Do soucasné doby bylo popsano
vice nez 40 prekursorovych proteinl. K postizeni srdce
muze dochdzet u fady amyloidéz, vice nez 95 % pfipadu
amyloidové kardiomyopatie vSak predstavuji dva typy
systémovych amyloidéz, AL amyloidéza a transthyreti-
novd amyloidéza.’

Podstatou AL amyloidozy je monoklonalni proliferace
plazmocytl v kostni dfeni, tzv. plazmocelularni dyskrazie,
spojena s nadprodukci lehkych imunoglobulinovych Fe-
tézcl k nebo 2, které jsou prekursory amyloidovych fibril.
Tento typ systémové amyloiddzy je u vétsiny postizenych
jedincl charakterizovan multiorgdnovym postizenim, kdy
nejcastéji postizenymi orgdny jsou srdce a ledviny. Dia-
gnostika a specificka terapie AL amyloiddzy jsou zalezi-
tosti hematologa.?

Transthyretinova amyloidéza (ATTR) byla jesté pred 15
lety vnimana jako relativné vzacné onemocnéni, v soucas-
nosti se viak patrné jedna o nejcastéji se vyskytujici systé-
movou amyloidézu vibec. ATTR se vyskytuje bud v podo-
bé autosoméalné dominantné dédi¢né choroby (ATTRv),
nebo v tzv. divoké formé (ATTRwt, z angl. wild-type),
drive zvané senilni systémova amyloidéza. U obou forem
dochazi k progresivni depozici fibrildarné preménéného
transthyretinu (TTR), coz je protein, jehoz nativni forma
ma za fyziologickou funkci transport hormon stitné zla-
zy a vitaminu A. ATTRv se endemicky vyskytuje pfedevsim
v pfimorskych statech, na nasem Uzemi je zatim jeji preva-
lence povazovana za extrémné vzacnou. Naopak setrvale
narustd pocet nemocnych diagnostikovanych s ATTRwt,
coz souvisi jednak s moznosti neinvazivni diagnostiky
onemocnéni, jednak s moznosti jiz dostupné specifické,
chorobu modifikujici Iécby ATTR.?

Diagnostika ATTR byla v ceské literatufe podrob-
né shrnuta v recentnim prehledovém clanku.* Terapii
ATTR srdce délime na nespecifickou, podplrnou lécbu,
zamérenou predevsim na ovlivnéni znamek srdec¢niho
selhani a management arytmii, a specifickou, chorobu
modifikujici Ié¢bu. Zakladem podpurné lécby srdecni-
ho selhani je stdle podavani diuretik, vétsinou v kom-
binaci s antagonisty mineralokortikoidnich receptord.
Na zakladé recentnich praci, jez ukazuji na moznost
ovlivnéni mortality a hospitalizaci pro srdec¢ni selhani,
je u nemocnych s ATTR srdce doporuc¢ovano podani gli-
flozinG. U jedincl se snizenou ejek¢ni frakci levé ko-
mory < 40 % je mozné zvazit podavani nizkych davek
betablokatorl, oviem s opatrnosti vzhledem k ¢astému
sklonu k bradykardii a prevodnim porucham u této
choroby. Inhibitory angiotenzin konvertujiciho enzymu
ani sartany ¢i sacubitril/valsartan rutinné u ATTR srdce
nenasazujeme, naopak v pfipadé sklonu k nizsim hod-
notam krevniho tlaku je vysazujeme. Sifiové arytmie,
predevsim fibrilace sini, jsou u ATTR srdce velmi casté.
PFitomnost sinusového rytmu je dulezitym faktorem ze-
jména z hlediska tepového objemu, nicméné v dlouho-

dobém horizontu je jeho udrzeni velmi obtizné. Zcela
zdsadni je prevence kardioembolismu, jehoz riziko je
u ATTR srdce velmi vysoké. Antikoagulacni lé¢ba (war-
farinem ¢i pfimymi peroralnimi antikoagulancii) je indi-
kovéana u vSsech nemocnych, byt i s jednou epizodou fib-
rilace sini, bez ohledu na skére CHA DS,-VASc. V ramci
strategie kontroly rytmu je preferovanym antiarytmi-
kem amiodaron. Elektrickou i farmakologickou kardio-
verzi provadime i pfi zavedené antikoagula¢ni lé¢bé
teprve po vylouceni intrakardialni trombdzy jicnovou
echokardiografii ¢i vypocetni tomografii. Data pro
efektivitu katetriza¢ni ablace fibrilace sini u ATTR jsou
zatim nedostate¢na a relativné kontroverzni. U vétsiny
nemocnych, u nichZ je pfitomna jiz permanentni for-
ma fibrilace sini, se postupuje ,rate-control” strategii,
kdy obvyklou lé¢bou volby jsou betablokatory. Velmi
dulezita je monitorace pacientd vzhledem k riziku bra-
dyarytmii. V refrakternich pripadech je mozné vyuzit
ablace atrioventrikularniho (AV) uzlu nasledované za-
vedenim trvalé resynchronizac¢ni kardiostimulace. In-
dikace trvalé kardiostimulace se nevymykd klasickym
kritériim. Vzhledem k inherentni kontraktilni dysfunkci
amyloidniho srdce i pfi zachované ejek¢ni frakci levé
komory je vhodné u nemocnych s ATTR, u nichz oceka-
vame vice nez 40% pritomnost stimulovaného rytmu,
zavést biventrikuldrni kardiostimulaci jako prevenci
vzniku systolické dysfunkce levé komory navozené ne-
fyziologickou kardiostimulaci. Podobné pristupujeme
i k jedincdm s jiz snizenou ejek¢ni frakci < 50 %. Al-
ternativou by mohla byt stimulace levého Tawarova
raménka, k tomuto typu kardiostimulace je vSak nut-
né u nemocnych s ATTR pfistupovat uvazlivé vzhledem
k absenci dlouhodobych dat a potencidlnimu riziku se-
Ihani stimula¢niho systému.®

Specificka [écba ATTR ma za cil zastavit nebo minima-
lizovat a zpomalit ukladani amyloidu, a zlepsit tak pfi-
rozeny prabéh onemocnéni, proto je téz nazyvana cho-
robu modifikujici |é¢bou. Doneddvna jedinou mozZnou
terapii, a to omezenou jen na nékteré jedince s ATTRy,
byla transplantace jater. V poslednich Iétech viak docha-
zi k vyraznému posunu na poli specifické farmakotera-
pie ATTR, jejimz cilem je zasdhnout do nékterého mista
amyloidogenni kaskady ATTR. Prvni mozZnosti je ovlivné-
ni syntézy TTR v jatrech, a to budto zabranénim exprese
genetické informace (malé interferujici molekuly RNA
jako patisiran ¢i vutrisiran nebo antisense oligonukleo-
tidy jako inotersen a eplontersen), nebo pfimo editaci
genomu pomoci technologie CRISPR. Dalsi moznosti je
snaha o odstranéni jiz vytvorenych amyloidnich fibril ze
srdce, a to predeviim pomoci protilatek. Poslednim mis-
tem, kde je mozné zasdhnout do amyloidogenni kaskady
ATTR, je prevence degradace cirkulujiciho tetrameru TTR
na dimery a monomery, a tim padem i nasledné formace
prekursort amyloidnich fibril tzv. stabilizatory transthy-
retinu. Jejich zakladnimi reprezentanty jsou tafamidis
a akoramidis. U nékolika 1ékd suprimujicich expresi ge-
netické informace ¢i stabilizujicich cirkulujici molekuly
TTR jiz byly dokonceny velké klinické studie, jeZ prokazuji
jejich ucinnost v ovlivnéni morbidity a mortality jedinc
s ATTR srdce.® V Ceské republice je zatim jedinou dostup-
nou moznosti specifické |é¢by ATTR srdce v dedikovanych
centrech tafamidis.”
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Akoramidis — mechanismus ucinku,
klinické studie faze 1a 2

Akoramidis je peroralné podavanym stabilizatorem TTR,
ktery byl poprvé predstaven jako substance AG10 v roce
2013.8 Design molekuly je velmi zajimavy, nebot jeji uni-
katni zplsob vazby imituje pfirozeny stabilizujici efekt
varianty Thr119Met na tetramerickou strukturu TTR. Na
rozdil od jinych stabilizatorl TTR, u nichZ dominuje en-
tropicky zpUsob vazby, je u akoramidisu primdrni vazeb-
ny méd entalpicky, coZ vede kromé napojeni na vazebna
mista pro thyroxin téz k tvorbé vodikovych vazeb. Tim je
dosazeno lepsi vazebné termodynamiky, afinity a obsa-
zenosti vazebnych mist, coz vie vede k téméF kompletni
stabilizaci TTR. V praci Penchaly a spol. se akoramidis uka-
zal uc¢innéjsi nez tafamidis v kinetické stabilizaci tetrame-
rd TTR a v inhibici tvorby amyloidu in vitro. Akoramidis
téZz v porovnani s tafamidisem vykazal vyssi selektivitu
pro TTR v lidském séru a lepsi stabilizaci jeho tetramert
u jedinca s ATTRwt i ATTRv (mutace Val122lle, v homo-
i heterozygotnim stavu).® | v dal3ich preklinickych studiich
srovnavajicich akoramidis s jinymi stabilizatory TTR (tafa-
midis, diflunisal, tolcapon) byla demonstrovana lepsi vaz-
ba akoramidisu na TTR, spojend s efektivnéjsi stabilizaci
jeho koncentraci v séru.>™

V kontextu stabilizace koncentraci TTR v séru je velmi
zajimavou skutecnosti, Ze bylo publikovdno nékolik pra-
ci, které ukazuji na vyznamnou negativni prognostickou
hodnotu nizkych koncentraci TTR v plazmé. Ve studii, jez
zahrnovala data ze dvou podobnych prospektivné sledo-
vanych kohort obecné populace v Dansku (the Copen-
hagen General Population Study, the Copenhagen City
Heart Study) citajicich spole¢né témér 17 000 jedincd, byla
nizka bazalni koncentrace TTR v plazmé asociovdna s vys-
$im rizikem vzniku srdecniho selhani."" V retrospektivni
analyze 116 nemocnych s biopticky potvrzenou ATTRwt
ukdzali Hanson a spol., Ze nizka bazalni koncentrace TTR
v plazmé predstavuje u jedinctd s touto chorobou vyznam-
ny prognosticky faktor, spojeny s horsim prezivanim v ho-
rizontu ¢tyfletého sledovani.'? Recentné byla publikovéna
prace Spanélskych autor( analyzujici data prospektivné
vedeného registru 216 konsekutivnich pacienttd s ATTR
srdce (94 % ATTRwt) lé¢enych v sedmi Spanélskych ne-
mocnicich. Bazéalni hodnoty koncentraci TTR v plazmé
korelovaly s vy$s§im vékem a markery pokrocilého one-
mocnéni. V multivaria¢ni analyze byla demonstrovana vy-
znamna souvislost mezi zvysujicimi se koncentracemi TTR
v séru a nizsim rizikem umrti z jakékoli pficiny a hospita-
lizaci pro srdecni selhdni.” Plazmatické koncentrace TTR
tedy vysoce pravdépodobné predstavuji nezavisly rizikovy
faktor progndzy jedinca s ATTR srdce, a farmakologicka
snaha o maximalni stabilizaci tetramerd TTR a zachovani
normalnich koncentraci TTR v séru by tak méla mit pozi-
tivni prognosticky efekt u nemocnych s ATTR.

Po prikazu velmi ucinné vazby a stabilizace koncentra-
ce TTR v séru ve vyse citovanych pracich nasledovalo pro-
vedeni randomizované, dvojité zaslepené klinické studie
faze 1 (prvni podani Iéciva u ¢lovéka), v niz byla studova-
na bezpecnost, tolerance, farmakokinetika a farmakody-
namika u 32 zdravych dospélych dobrovolnikl, z nichz 8
dostdvalo placebo a 24 jedincim byl podavan perordlné
akoramidis v jedné davce (od 50 do 800 mg) nebo ve vice

davkach (od 100 do 800 mg) kazdych 12 hodin po dobu
12 dna.™ Akoramidis byl dobre tolerovan a nebyly zazna-
mendny zadné bezpecnostni signaly vzbuzujici klinické
obavy. Farmakokinetické studie demonstrovaly dobu do
maximalni koncentrace pod jednu hodinu a polocas 25
hodin. Farmakodynamické studie pak ukazaly > 90% sta-
bilizaci TTR v ustdleném stavu pfi nejvyssi testované dévce
a zvyseni koncentraci TTR po 12 dnech lé¢by akoramidi-
sem v porovnani s vychozimi hodnotami.

V nasledné randomizované, dvojité zaslepené klinické
studii faze 2 s davkovym rozmezim akoramidisu bylo 49
pacientl s ATTR srdce (median véku 74 let, 92 % muzq,
14 jedincd s ATTRv) ve funkénich tfidach NYHA 1l nebo IlI
randomizovdno v poméru 1:1: 1k poddvani akoramidisu
400 nebo 800 mg nebo placeba dvakrat denné po dobu
28 dn0." Vychozi koncentrace TTR v séru byly snizené
u 80 % lécenych jedinct s ATTRv a 30 % s ATTRwt. Lécba
akoramidisem vedla k normalizaci koncentraci TTR v séru
u véech nemocnych.

Akoramidis — studie ATTRibute-CM

Ucinnost a bezpe¢nost akoramidisu byla posuzovéana
v klinické studii ATTRibute-CM. Jednalo se o mezinarod-
ni, multicentrickou, randomizovanou, dvojité zaslepenou
a placebem kontrolovanou studii faze 3, do niz bylo zahr-
nuto 632 nemocnych s ATTR srdce, ktefi byli randomizo-
vani v poméru 2 : 1 k 1é¢bé akoramidisem v davce 800 mg
dvakrat denné ¢i placebem po dobu 30 mésicl.'®

Do studie bylo mozné zaradit jedince obojiho pohlavi
mezi 18 a 90 lety véku, v aktudlni funkéni tiidé NYHA | az
Ill, s ATTR srdce (ATTRv i ATTRwt) diagnostikovanou po-
moci endomyokardidlni biopsie ¢i neinvazivné, na zakla-
dé jasné pozitivniho vysledku scintigrafického vysetreni
s laboratornim vyloucenim pfitomnosti AL amyloiddzy.
VyZzadovéna byla anamnéza klinického srde¢niho selha-
vani s minimalné jednou predchozi hospitalizaci pro sr-
decni selhani nebo pfitomnost znamek a symptomu mést-
nani, resp. obecné klinickych zndmek srdecniho selhani
vyzadujiciho 1é¢bu diuretiky. Pfi randomizaci bylo pro
vstup do studie nutné, aby dany jedinec usel minimalné
150 metrd v testu Sestiminutové chlize, hodnota N-ter-
mindlniho fragmentu natriuretického propeptidu typu B
(NT-proBNP) ¢inila minimalné 300 pg/ml a tloustka stény
levé komory byla alespori 12 mm. Mezi vyfazovaci krité-
ria pro vstup do studia patfila kromé zvyklych parametrd
elevace jaternich transaminaz na vice nez dvojnasobek
normy, bilirubinu na trojnasobek normy, koncentrace NT-
-proBNP nad 8 500 pg/ml a hodnota glomeruldrni filtra-
ce méné nez 15 ml/min/1,73 m?. Na zakladé komunikace
s regula¢nimi autoritami byla jesté pred zahajenim studie
také definovana modifikovana intention-to-treat studijni
populace, zahrnujici 611 pacientd, u nichZ byla hodno-
ta glomerularni filtrace vyssi nebo rovna 30 ml/min/1,73
m?, kterd byla podkladem pro primarni analyzu efekti-
vity. DUvodem této modifikace byla narustajici evidence
o bezpecnosti podani akoramidisu u jedincl s chronickou
nemoci ledvin ve stadiu 4 a o nizké pravdépodobnosti
efektivity aktivni 1écby u takto vysoce rizikovych nemoc-
nych. Soubézna lécba tafamidisem nebyla mozna béhem
prvnich 12 mésica sledovani.
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Studie méla dvé casti se dvéma primarnimi cilovymi
parametry. V &sti A byla jako primarni cilovy parametr
hodnocena zména ve vysledku testu Sestiminutové chize.
V ¢asti B byla, podobné jako ve studii ATTR-ACT s tafami-
disem,'” pouzita Finkelsteinova-Schoenfeldova statisticka
metoda s primarni ¢tyrkrokovou hierarchickou analyzou
zahrnujici umrtnost ze viech pfi¢in, kumulativni ¢etnost
hospitalizaci z kardiovaskularnich pfic¢in, zmény koncen-
traci NT-proBNP a vysledku testu Sestiminutové chuze.
Podstatou Finkelsteinovy-Schoenfeldovy analyzy je po-
rovnavani kazdého paru ucastnikl studie v kazdé vrstvé
hierarchickym zpUsobem, pocinaje prvnim uvedenym uka-
zatelem (v tomto pripadé se jednalo o umrtnost ze vSech
pficin). Vyslednym parametrem analyzy je pomér vyher
(angl. win ratio), coz je pocet parl s ,vyhrami” ucastni-
ka lécenych aktivni 1é¢bou (zde akoramidisem) déleny
poc¢tem para s ,vyhrami” Ucastnikl léc¢enych placebem.
Hlavnimi sekundarnimi hodnocenymi cilovymi paramet-
ry byly umrti z jakékoli pficiny, zména ve vysledku testu
Sestiminutové chlize, skére v Kansaském kardiomyopatic-
kém dotazniku kvality Zivota a koncentrace TTR v séru .

Pramérny vék pacientl zarfazenych do studie ATTRibu-
te-CM byl 77 + 6,6 roku, 90,2 % byli muzi a 90,3 % Ccinili
jedinci s ATTRwt. Vétsina nemocnych — 72 % — byla ve
funkéni tfidé NYHA II, jen 17,2 % bylo ve tfidé NYHA III.
Jednalo se tedy o populaci jedinct, ktefi byli v méné po-
krocilém stadiu ATTR srdce, s ¢imz koresponduje i fakt, Ze
57 % nemocnych v studii ATTRibute-CM bylo v nejnizsim
stadiu | klasifikace dle Narodniho amyloidového centra
v Londyné, 32 % ve stadiu Il a 11 % ve stadiu lll. Kon-
komitantni [écba tafamidisem byla pfitomna u 14,95 %
nemocnych v aktivné [é¢ené vétvi a 22,8 % nemocnych
v placebové vétvi.

Ve fazi A studie, trvajici 12 mésic, nebyl primarni ci-
lovy parametr, tj. zména ve vysledku testu Sestiminutové
chtize, statisticky vyznamné odlisny mezi obéma skupina-
mi. Primarni cilovy ukazatel faze B, hierarchicka analyza
umrtnosti ze viech pficin, kumulativni frekvence hospi-
talizaci z kardiovaskuldrnich pfi¢in, zmény koncentraci
NT-proBNP a vysledku testu Sestiminutové chlze v 30.
mésici sledovani, byl statisticky vyznamné ovlivnén ak-
tivni 1é¢bou akoramidisem (pomér vyher 1,8 s 95% inter-
valem spolehlivosti [CI] 1,4-2,2; p < 0,001). VétSina srov-
nani v primarni hierarchické analyze byla stanovena po
prvnich dvou slozkach analyzy, imrtnosti ze vSech pficin
a frekvenci kardiovaskularnich hospitalizaci (58 % ve Fin-
kelsteinové-Schoenfeldové testu). Uvedena kombinace
umrtnosti ze vsech pfric¢in a frekvence hospitalizaci z kar-
diovaskularnich pficin byla 1é¢bou akoramidisem pozitiv-
né ovlivnéna s pomérem vyher 1,5 (95% CI 1,1-2,0; p =
0,02). Relativni redukce rizika celkové umrtnosti aktivni
Ié¢bou akoramidisem ¢inila v pribé&hu 30mési¢niho sledo-
vani 25 % (p = 0,0569), kdy k separaci Kaplanovych-Me-
ierovych krivek dochazelo od 19. mésice studie; relativni
snizeni ro¢ni frekvence hospitalizaci z kardiovaskularnich
pfic¢in dosdhlo 50 % (p < 0,0001). Doba do vyskytu umrt-
nosti ze viech pficin ¢i hospitalizaci z kardiovaskularnich
pficin byla |é¢bou akoramidisem relativné redukovana
0 36 % (p < 0,0008) s poctem sedmi jedinct potiebnych
k 1é¢bé. V preddefinovanych subanalyzach primarni hie-
rarchické analyzy nebyl zjistén rozdil v statisticky vyznam-
né efektivité akoramidisu mezi jedinci s ATTRv a ATTRwt,

s hodnotami NT-proBNP nad ¢i pod 3 000 pg/ml, s hodno-
tami glomerularni filtrace nad ¢ pod 45 ml/min/1,73 m?
a mezi nemocnymi mladsimi ¢i star$imi 75 let véku. Z po-
hledu primarni hierarchické analyzy umrtnosti ze vsech
pric¢in, kumulativni frekvence hospitalizaci z kardiovas-
kuldrnich pficin, zmény koncentraci NT-proBNP a vysled-
ku testu Sestiminutové chlize v 30. mésici sledovani byla
|é¢ba akoramidisem statisticky vyznamné efektivnéjsi nez
placebo u pacientl ve funk¢nich tfidach NYHA I a ll, nikoli
vsak ve tridé NYHA lll. Z klicovych sekundarnich cilovych
parametrd studie byl v pribéhu 30mési¢niho sledovani
[écbou akoramidisem vyznamné pozitivné ovlivnén vysle-
dek testu Sestiminutové chize, kvalita Zivota hodnocena
Kansaskym dotaznikem a koncentrace TTR v séru. | dalsi
sekundarni cilové ukazatele studie, tj. kumulativni cetnost
hospitalizaci z kardiovaskuldrnich pFi¢in, mortalita z kar-
diovaskularnich pri¢in a zména koncentrace NT-proBNP,
byly statisticky vyznamné lepsi u skupiny nemocnych v ak-
tivné lécené vétvi. Celkovy vyskyt nezadoucich prihod pfi
|écbé akoramidisem byl stejny jako v placebové vétvi (98,1
% vs. 97,6 %), pficemz vyskyt zdvaznych nezaddoucich pfi-
hod byl u akoramidisu mensi ve srovnani s placebem (54,6
% vs. 64,9 %). Pacienti |éceni akoramidisem zaznamenali
ve srovnani s placebem vyssi frekvenci prajma (11,6 % vs.
7,6 %), vyskytu dny (11,2 % vs. 8,1 %) a bolesti epigastria
(5,5 % vs. 1,4 %). Vétsina z téchto pfihod byla klasifikova-
na jako mirnd a nevyzadovala ukonceni |é¢by.®

Na zakladé pozitivniho vysledku studie ATTRibute-CM
byl akoramidis v listopadu 2024 nejprve schvélen Ufadem
pro kontrolu potravin a léciv (FDA) pro Ié¢bu ATTR srdce
ve Spojenych statech americkych. Nasledné v unoru 2025
udélila Evropskd komise rozhodnuti o registraci pfiprav-
ku akoramidis pod obchodnim ndzvem Beyonttra k [é¢bé
ATTR srdce u dospélych pacientl v Evropské unii.

Zaver

Akoramidis predstavuje dalsi moznost specifické, cho-
robu modifikujici 1écby ATTR srdce. Vzhledem ke svému
jedine¢nému zpUsobu vazby na TTR, ktery imituje pfiro-
zeny stabilizujici efekt benigni varianty Thr119Met, dosa-
huje témér kompletni stabilizace sérovych tetramert TTR.
V klinické studii faze 3 ATTRibute-CM bylo jasné demon-
strovdno vyznamné sniZzeni kombinovaného primarniho
morbiditniho a mortalitniho cilového parametru u paci-
entl s diagnoézou ATTR srdce |éCenych akoramidisem ve
srovnani s placebem, a to pfi pfiznivém bezpecnostnim
profilu této specifické 1écby.

Prohlaseni autora o mozném stietu zajmu
Autor byl ¢i je investigatorem klinickych studif
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Cil: Cilem tohoto prehledu je shrnout aktualni poznatky o prevalenci primarniho hyperaldosteronismu (PHA)
u pacientd se zdanlivé rezistentni hypertenzi (aRH) a kriticky analyzovat metodologické faktory, které ovliv-
nuji odhad této prevalence.
Metodika: Proveden byl piehled dostupné literatury, jenz zahrnuje studie hodnotici prevalenci PHA u pa-
cientl s rezistentni hypertenzi. Analyzovény byly zejména metodologické rozdily mezi jednotlivymi stu-
diemi, jako jsou definice rezistentni hypertenze, prahové hodnoty aldosteron-reninového poméru (ARR),
pouziti konfirmacnich testd, pfistup k interferujici antihypertenzni medikaci a zpGsob vylouceni fenoménu
bilého plasté a dalsich sekundarnich pficin hypertenze.
Vysledky: Analyzované studie vykazuji vyznamnou variabilitu v prevalenci PHA (7,1-29,1 %), ktera je dU-
sledkem rozdilG v pouzité metodologii. Nejvyssi prevalenci vykazovaly studie s pfisnym vyloucenim pseudo-
rezistence a dalSich sekundarnich pficin hypertenze. Kli¢covymi faktory variability byly definice rezistentni
hypertenze, rozdilné prahové hodnoty ARR, pouziti konfirmacnich testl (napf. intravendzni solny zatézovy
test, fludrokortizonovy supresni test) a pfistupy k farmakologické pfipravé pacientu.
Zavéry: Primarni hyperaldosteronismus je vyznamnou a castou pfi¢inou aRH. Pro dosazeni spolehlivéSich
odhadu skutecné prevalence PHA a zlep3eni diagnostické a terapeutické péce je nezbytné sjednotit a stan-
dardizovat diagnostické protokoly, zejména ve vztahu k definici rezistentni hypertenze, screeningovym
a konfirmacnim metodam a také pristupiim k antihypertenzni 1é¢bé v rdmci diagnostiky.

© 2026, CKS.

ABSTRACT

Objective: The aim of this review is to summarize current knowledge on the prevalence of primary hype-
raldosteronism (PHA) in patients with apparently resistant hypertension (aRH) and to critically analyze the
methodological factors influencing the estimation of this prevalence.

Methods: A review of the available literature was conducted, focusing on studies assessing the prevalence
of PHA in patients with resistant hypertension. Methodological differences between studies were analy-
zed, including definitions of resistant hypertension, thresholds for the aldosterone-renin ratio (ARR), use of
confirmatory tests, management of interfering antihypertensive medications, and approaches to ruling out
white-coat effect and other secondary causes of hypertension.

Results: The analyzed studies show considerable variability in the reported prevalence of PHA (7.1-29.1%),
primarily due to methodological heterogeneity. The highest prevalence was observed in studies with rigo-
rous exclusion of pseudoresistance and other secondary causes of hypertension. Key sources of variability
included differences in the definition of resistant hypertension, ARR threshold values, use of confirmatory
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tests (e.g., intravenous saline suppression test, fludrocortisone suppression test), and approaches to phar-

macological preparation.

Conclusions: Primary hyperaldosteronism is a frequent and clinically important cause of aRH. To obtain more
reliable estimates of the true prevalence of PHA and improve diagnostic and therapeutic management, it is
essential to harmonize and standardize diagnostic protocols—particularly regarding the definition of resi-
stant hypertension, screening and confirmatory methods, and the handling of antihypertensive treatment

during diagnostic work-up.

Uvod

Primarni hyperaldosteronismus (PHA) pfedstavuje nej-
Castéjsi endokrinni pfic¢inu sekundarni hypertenze, pfi-
¢emz jeho vcasna identifikace mUze vyznamné ovlivnit
progndzu pacientl a jejich kvalitu zZivota.' Pfestoze je
vseobecné doporucovan aktivni screening PHA u pa-
cientl s tzv. apparently resistant hypertension (aRH),*?
v Ceské literatufe nékdy nepresné prekladdana jako zdan-
livé rezistentni hypertenze, skutec¢nd prevalence tohoto
onemocnéni v klinické praxi zGstava nejasnd. Dosavadni
studie totiz uvadéji znacné rozdilné hodnoty prevalence
PHA v této rizikové skupiné, pohybujici se v Sirokém roz-
mezi od 7 %* az po témér 30 %.> Soucasné je viak tfeba
zdUraznit, Ze primarni hyperaldosteronismus se nemusi
manifestovat pouze rezistentni hypertenzi. V ¢asnéjsich
stadiich se mUze projevit i mirnéjsi formou arteridlni hy-
pertenze, kterd dosud nevyzaduje komplexni farmako-
terapii. Z tohoto dlivodu je nutné vnimat PHA jako one-
mocnéni s SirSim spektrem klinické prezentace, pficemz
rezistentni hypertenze predstavuje jeho nejvyraznéjsi,
ale nikoli jedinou podobu.

Jednim z hlavnich dlvodU této variability je nejednot-
nost metodologickych pristupt — rozdilné definice rezi-
stentni hypertenze, variabilni prahové hodnoty poméru
aldosteron-renin (ARR), rizné konfirmacni testy ¢i odlisny
pristup k interferujici medikaci. Historicky byla rezistentni
hypertenze definovana jako nedostate¢na kontrola krev-
niho tlaku navzdory |écbé tfemi antihypertenzivy vcet-
né diuretika nebo potieba uziti ¢tyf a vice 1éciv.® Novéjsi
koncept aRH v3ak zdUrazrnuje vyznam vylouceni faktord
pseudorezistence, jako jsou Spatnd adherence k 1é¢bé, fe-
nomén bilého plasté ¢i dosud nerozpoznand sekundarni
hypertenze, véetné PHA.” Nejednotnd metodologie a od-
lisné definice pouzivané ve studiich komplikuji nejen in-
terpretaci vysledkd, ale také moznost jejich efektivniho
vyuziti v klinické praxi.

Cilem tohoto pfehledu je proto shrnout dostupné rele-
vantni studie hodnotici prevalenci PHA u pacientd s aRH,
analyzovat metodologické rozdily mezi nimi a nabidnout
jednotny pohled umoznujici lepsi interpretaci dosavad-
nich vysledkd.

Metodologické faktory ovliviujici prevalenci
PHA u aRH

Metodologicka variabilita mezi jednotlivymi studiemi za-
mérenymi na prevalenci PHA u pacientd s aRH se objevuje
na nékolika urovnich (viz obr. 1):

1. Zarazovacdi kritéria a pouzita

definice rezistentni hypertenze

Tento ¢lanek zahrnuje studie, které hodnotily prevalenci
primarniho hyperaldosteronismu u pacientl s aRH. Vyhle-
davani bylo provedeno v databazich PubMed a Google
Scholar bez ¢asového omezeni, s vyuzitim kli¢covych slov
Lprimary aldosteronism”, ,apparent resistant hyperten-
sion”, ,resistant hypertension”, , aldosterone-renin ratio”
a ,prevalence”. Do analyzy byly zahrnuty prace publiko-
vané v recenzovanych casopisech, provedené u dospé-
lych pacientd, které uvadély prevalenci PHA a obsaho-
valy udaje o definici rezistentni hypertenze, pouziti ARR
a pripadné konfirmacnich testech. Jednotlivé studie se
vyznamné lisily v kritériich pro zafazeni pacientd a v me-
todice diagnostiky aRH, coz mélo zésadni vliv na zjisténou
prevalenci PHA. Nékteré prace, napfiklad Florczak a spol.
a Strauch a spol., kladou duraz na peclivé vylouceni pseu-
dorezistence.®® U téchto studii jsou pacienti vybirani na
zékladé 24hodinového ambulantniho monitorovani krev-
niho tlaku (ABPM) a pfisného posouzeni adherence, coz
zajistuje, Ze zahrnutd populace skute¢né vykazuje rezis-
tentni hypertenzi bez efektu bilého plasté. Na druhé stra-
né& mame multicentrickou studii z Ciny od Sang a spol.,
vyuzivajici pouze méreni krevniho tlaku v ordinaci, aniz
by bylo standardné vyuzito ABPM nebo jind potvrzova-
ci vysetfeni, a tim mohou zahrnovat i pseudorezistentni
pacienty.*

Daldi studie jako studie autord Calhoun a spol. ¢i
Umpierez a spol. se zaméruji na specifické podskupiny
— napfiklad etnicky rtznorodé populace nebo pacienty
s diabetem.?'° Studie od Martell a spol. navic zavadéji do-
datecna kritéria, jako je vylouceni pacientl s hypokale-
mii ¢i renalni arteridlni stenézou k zajisténi minimalniho
podilu pseudorezistentnich pacientd." V retrospektivnich
studiich, jako je studie autorl Douma a spol., se definice
rezistentni hypertenze opird o nedostatecnou kontrolu
krevniho tlaku pfi standardni [écbé trojici 1ék0 vcetné
diuretika, coz dobfe odrazi realnou klinickou praxi, ale
bohuZel neobsahuje specifickd opatfeni (napf. 24hodino-
vé ambulantni monitorovani tlaku krve nebo dikladnou
analyzu adherence) k vylouceni pseudorezistence.?

2. Screening pomoci poméru aldosteron-renin (ARR)
Screening pomoci poméru aldosteron-renin (ARR) pred-
stavuje klicovy diagnosticky ndstroj pfi odhalovani pri-
marniho hyperaldosteronismu, avsak metodologické
pristupy k jeho vyuziti se vyrazné lisi napfic¢ jednotlivymi
studiemi. Gallay a spol. ve studii uplatniuji velmi pfFisné
kritérium ARR > 100 ng/dl : ng/ml/h (méfeno bez pred-
choziho vysazeni antihypertenziv), coz sice maze zvy3o-
vat specificitu, ale zarovern nese riziko ovlivnéni vysledk
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Obr. 1 - Metodologicka variabilita mezi jednotlivymi studiemi

Prevalence ~7,1 %

ARR je uvadéno v jednotkach ng/dl : ng/ml/h, pouze limit ARR > 65 (Douma et al.) je v jednotkach pmol/l : pmol/l/min; aRH - apparently resi-
stant hypertension; ARR - pomér aldosteronu a reninu (aldosteron-renin ratio); PHA - primarni hyperaldosteronismus.

interferujicich medikaci.’”> Naopak Calhoun a spol. sta-
novuji nizsi hrani¢ni hodnotu (ARR > 20 ng/dl : ng/ml/h)
a k potvrzeni PHA pak pouzivaji dal$i konfirmacni testy
(viz dale).2 Strauch a spol. pouzili hranici ARR > 50 ng/dl
:ng/ml/h, Umpierez a kol. ARR > 30 ng/dl : ng/ml/h. V re-
trospektivni studii Douma a spol. pouzili kritérium ARR
> 65 pmol/l : pmol/l/min a koncentrace aldosteronu
> 416 pmol/l a provedeni konfirmacniho supresniho tes-
tu.? Je zfejmé, Ze hrani¢ni hodnota ARR je zdsadné ovliv-
néna pouzitymi jednotkami (viz tabulku 1); ve Fakultni
nemocnici Olomouc pouzivdme pro aldosteron jednotky
ng/dl a pro plazmatickou reninovou aktivitu (PRA) jed-
notky ng/ml/h, ¢emuz odpovida hrani¢ni hodnota ARR
> 30 (napf. ve FN Ostrava jsou pouzivany jednotky SI —tzn.
hrani¢ni hodnota ARR je 144). Tato rGiznorodost praho-
vych hodnot a konfirmacnich testl vede k odlisné iden-
tifikaci pozitivné screenovanych pacientd, coz podtrhuje

Tabulka 1 - Hrani¢ni hodnoty pro pomér aldosteron-renin (ARR)

pfi pouziti riznych jednotek

PRA (ng/ml/h) Renin (ng/l)
Aldosteron (ng/dl) 30 5.7
Aldosteron (pmol/l) 750 144

PRA: plazmaticka reninova aktivita (ng/ml/h); renin: koncentrace
reninu (ng/l); aldosteron (ng/dl nebo pmol/l). Hodnoty v tabulce
ilustruji hrani¢ni hodnoty pro pomér aldosteron-renin (ARR) pou-
Zivané pfi screeningu primarniho hyperaldosteronismu v zavislosti
na metodice stanoveni a pouzitych jednotkach. Na nasem praco-
visti (FNOL) se pouzivé hrani¢ni hodnota ARR > 30 pfi jednotkach
aldosteronu v ng/dl a PRA v ng/ml/h.

nezbytnost standardizace diagnostickych protokold pro
pfesnéjsi srovnani vysledkd mezi jednotlivymi studiemi.

3. Konfirmacni testy

U pacientl, u nichz byl screening PHA pomoci poméru
aldosteron-renin (ARR) hodnocen jako pozitivni, bylo né-
kdy pristupovdno k provedeni konfirmacnich testl k ové-
feni autonomni sekrece aldosteronu. Mezi nejcastéji po-
uzivané konfirmacni metody patii intravendzni zatézovy
test fyziologickym roztokem (obvykle infuze dvou litra
fyziologického roztoku béhem ¢tyf hodin s naslednym
mérenim plazmatické koncentrace aldosteronu), peroral-
ni solny test, fludrokortizonovy supresni test nebo sta-
noveni aldosteronu ve 24hodinovém sbéru moci béhem
vysokého pfijmu soli.

Napfiklad Calhoun a spol. pouzivali jako konfirmacni
test stanoveni aldosteronu ve 24hodinovém sbéru modi pfi
vysokém prijmu soli s hrani¢ni hodnotou > 12 pg/24 hodin
(pfi vylu¢ovani sodiku > 200 mEg/24 h).2 Douma a spol. po-
uzili prisnéjsi kritéria ARR > 65 a koncentrace aldosteronu
v plazmé > 416 pmol/l a dale ovéfovali diagnézu bud za-
téZovym intravendznim testem fyziologickym roztokem,
nebo c¢tyfdennim fludrokortizonovym supresnim testem.?
Studie autord Sang a kol. pouzivala nizkou mezni hodnotu
ARR > 20, ke zvyseni specificity bylo tedy nutné provést
konfirmacni zatézovy test fyziologickym roztokem. Pro
tento konfirmacni test byl zvolen limit suprese aldosteronu
8 ng/dl (221,92 pmol/l) po ukonceni infuze.*

Tyto rozdilné pristupy ke konfirmacnim testam ukazuji
na nejednotnost metodického postupu jednotlivych stu-
dii pfi hodnoceni prevalence primarniho hyperaldostero-
nismu u pacientt s aRH.
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4. Uprava interferujici medikace pfed odbérem
Interference antihypertenznich lé¢iv s pomérem ARR
muze zkreslit vysledky screeningu a konfirmacnich tes-
ta PHA, protoze néktera Ié¢iva mohou ovlivnit koncen-
traci aldosteronu a aktivitu reninu. Proto nékteré studie
pred odbérem pristupuji k vysazeni antihypertenzni 1é¢by
nebo jejimu nahrazeni léky s minimalnim vlivem na re-
nin-angiotenzin-aldosteronovy systém, pficemz pfistupy
k upravé farmakoterapie se mezi analyzovanymi studiemi
lisi.

Gallay a spol. ponechali béhem testovani antihyper-
tenzni l1éCbu zcela beze zmény, bez jakéhokoliv vysazo-
vani léciv. Autofi se domnivali, Ze rutinni vysazeni antihy-
pertenzni terapie nemusi byt nutné a tento pfistup vedl|
k identifikaci pacientt s pozitivnim ARR i za béznych pod-
minek, tedy pfi sou¢asném uzivani interferujici medikace.
Vyhodou tohoto pfistupu je snizeni rizika, které predsta-
vuje vysazeni chronické antihypertenzivni medikace u ob-
tizné kompenzovatelnych hypertonika.'

David A. Calhoun pfistupoval k farmakoterapii pred
testovanim primarniho hyperaldosteronismu tak, Ze vysa-
dil pouze spironolacton, amilorid nebo triamteren, které
byly nahrazeny hydrochlorothiazidem alespon Sest tydnu
pred vysetfenim. Jiné antihypertenzni Iéky nevysazovali.
Pokud byla pfitomna hypokalemie, byla korigovana per-
ordlni suplementaci drasliku tak, aby koncentrace drasli-
ku v séru dosahovala alespor 3,5 mmol/I.2

Douma a spol. a Florczak a spol. vysadili diuretika mini-
malné ctyri tydny a ostatni interferujici antihypertenziva
(inhibitory angiotenzin konvertujiciho enzymu, blokatory
receptor( AT, pro angiotenzin I, betablokatory) minimal-
né dva tydny pred testy; v pfipadé nutnosti byly tyto Iéky
nahrazeny o-blokatory nebo kalciovymi antagonisty.>®

Strauch a spol. vysadili viechna antihypertenziva mi-
nimalné 14 dni pred hospitalizaci a nahradili je pouze
a-blokatory.®

Sang a spol. a Parasiliti-Caprino a spol. uvadéji nahra-
zeni interferujicich antihypertenziv pred testy, aviak bez
specifikace konkrétnich Iéciv nebo délky jejich uzivani.4®
U studii autord Eide a spol., Martell a spol. a Umpierez
a spol. explicitni informace o vysazovani nebo nahrazova-
ni antihypertenziv pred testovanim chybégji.'o113

Tyto metodické rozdily mohou ovlivnit namérené hod-
noty ARR a nasledné i vykazovanou prevalenci PHA v jed-
notlivych studiich.

5. Vylouceni jinych sekundarnich pficin hypertenze
Parasiliti a spol. pred zarazenim pacient do studie du-
sledné eliminovali jiné sekunddarni pfi¢iny hypertenze
(jako renalni arteridlni stenézu, obstrukéni spankovou
apnoe nebo hyperkortizolismus), coz vedlo k prevalenci
PHA az 29,1 %.5 Tento pfistup ukazuje, zZe ¢im peclivéji
byla sledovana skupina ocisténa od pseudorezistentnich
pfipady, tim vyssi byla nasledné zjisténa prevalence PHA.
Na druhou stranu takto selektovand skupina neodpovi-
déa bézné klinické praxi, kde se |ékafi nejcastéji setkavaji
s pacienty s aRH, u niz jesté nebyly vylouceny jiné mozné
sekundarni pficiny. Timto se vysvétluji rozdily mezi stu-
diemi — vyssi procentudlni vyskyt PHA v téch, kde byly
sekundarni etiologie pfedem eliminovany, oproti studiim
reflektujicim realné klinické podminky. Ve studii Umpie-
reze a spol. byla prevalence PHA u diabetik( 14 %, coz

Tabulka 2 - Pouziti ABPM k vylouceni syndromu bilého plasté

Studie Pouziti ABPM Vylouceni
syndromu bilého
plasté

Eide et al. (2004) Céstecné (u 81 %) Céstecné
Martell et al. (2003) Ano Ano
Parasiliti-Caprino et al.

(2020) Ano Ano
Florczak et al. (2013) Ano Ano
Douma et al. (2008) Castecné (u 34 %) Castecné
Sang et al. (2013) Ne Ne
Umpierez et al. (2007) Ne Ne
Strauch et al. (2003) Ne Ne
Calhoun et al. (2002) Ne Ne
Gallay et al. (2001) Ne Ne

ABPM - 24hodinové ambulantni monitorovani krevniho tlaku.

potvrzuje, Ze screening na hyperaldosteronismus je v této
populaci opodstatnény.

Metodologické rozdily mezi studiemi, véetné definice
rezistentni hypertenze, rlznych prahovych hodnot aldo-
steron-reninového poméru (ARR), volby konfirmaé¢niho
testu, farmakologické Upravy Iécby a miry peclivosti pfi
vylucovani dalsich pfic¢in hypertenze, jsou klicovymi fak-
tory vedoucimi k rozdilnym odhaddm prevalence PHA.
Z klinického hlediska je proto nezbytné sjednotit dia-
gnosticka kritéria a standardizovat potvrzovaci testy, aby
bylo mozné vysledky mezi jednotlivymi pracovisti spoleh-
livé porovndvat.

6. Zohlednéni fenoménu bilého plasté a jeho vliv
na prevalenci primarni hyperaldosteronismu
Dalsim klicovym faktorem ovliviiujicim metodologické
rozdily mezi studiemi je pfistup k vylou¢eni white-coat
fenoménu (viz tabulku 2), tedy zvyseni krevniho tlaku
pouze v ordinaci, aniz by byla pfitomna skutecna rezis-
tentni hypertenze v domacim prostfedi. Rizné studie se
lisi v tom, zda a jakym zpusobem tento fenomén elimi-
novaly, coz mé zasadni dopad na presnost diagnostiky
rezistentni hypertenze a tim i na ndslednou prevalenci
primarniho hyperaldosteronismu.

Studie autoru Florczak a spol. (2013), Parasiliti-Caprino
a spol. (2020) a Martell a spol. (2003) systematicky vyuzi-
valy 24hodinové ambulantni monitorovani krevniho tlaku
k ovéreni skutecné rezistence hypertenze, a vyloucily tak
pacienty s pseudorezistenci zplisobenou fenoménem bi-
Iého plasté. Timto se selektivné vybrala skupina pacientd,
u nichz je vyssi procento sekundarni hypertenze, coz je za-
sadni z hlediska dal$iho vysetfovani této entity, zejména
v kontextu PHA. Napfriklad studie autord Florczak a spol.
hlasi prevalenci PHA 15,7 %, zatimco Parasiliti-Caprino
a spol. dosahli hodnoty az 29,1 %, coz podporuje hypo-
tézu, Ze dusledné vylouceni fenoménu bilého plasté vede
k vybéru rizikovéjsi populace, ve které je vyssi zastoupeni
sekundarnich pfic¢in hypertenze. Ve studii autord Martell
a spol. (2003) byla kromé eliminace fenoménu bilého plas-
té aplikovana i selekce, kterd vyloucila pacienty s hypoka-
lemii — ackoliv by se dalo o¢ekavat, Ze tento krok snizi de-
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tekovanou prevalenci, byl pfesto nalezen relativné vysoky
vyskyt PHA (14 %). Tyto nalezy tedy potvrzuji, Ze eliminace
fenoménu bilého plasté prispiva ke selekci populace, kde
ma smysl patrat po sekundarni hypertenzi, coz se odrazi ve
vyssich zjisténych hodnotach prevalence primarniho hype-
raldosteronismu.>81

Dalsim prikladem metodologického rozdilu jsou studie
autort Douma a kol. (2008) a Eide a kol. (2004), které sice
vyuzivaly ABPM, aviak pouze u &asti pacientl — konkrét-
né u studie autor’ Douma a spol. bylo ABPM provedeno
u 34 % pacientl. To znamen4, Ze ¢ast pacientl s feno-
ménem bilého plasté mohla byt identifikovana, nicméné
systematickd eliminace fenoménu bilého plasté chybéla.
V dasledku toho stale existuje riziko, Ze néktefi pacienti
byli nespravné klasifikovani jako rezistentni hypertonici,
prestoze jejich krevni tlak byl mimo ordinaci adekvatné
kontrolovan. Vysledkem je relativné nizka zjisténa preva-
lence PHA (11,3 %).>"3

Naopak Sang a kol. (2013), Umpierez a kol. (2007),
Strauch a kol. (2003), Calhoun a kol. (2002) a Gallay a kol.
(2001) se opirali primarné o méreni krevniho tlaku v or-
dinaci, aniz by rutinné vyuzivaly ABPM jako potvrzovaci
test.2491012 Tento pristup vede k vyssimu riziku falesné po-
zitivni klasifikace rezistentni hypertenze, protoze nékteri
pacienti s diagnostikovanou rezistenci mohli mit ve skutec-
nosti normalni krevni tlak mimo klinické prostredi. Dusled-
kem bylo nadhodnoceni prevalence rezistentni hyperten-
ze, coz mohlo nasledné vést i k uméle snizenému vyskytu
primarniho hyperaldosteronismu ve sledované skupiné.

Shrnuti

Prevalence PHA u pacientd s rezistentni hypertenzi se
mezi jednotlivymi studiemi vyrazné lisi v zavislosti na po-
uzitych diagnostickych kritériich a metodologii vybéru
pacientd. Rozmezi zjisténych prevalenci sahd od 7,1 %* az
po 29,1 %" —viz tabulku 3, pficemz hlavni faktory ovlivriu-
jici tyto rozdily zahrnuji definici rezistentni hypertenze,

zpUsob screeningu pomoci aldosteron-reninového pomé-
ru (ARR) a pouziti potvrzovacich testu.

Gallay a spol. méfili ARR u 90 pacientt s tézkou hyper-
tenzi, aniz by prerusovali antihypertenzni terapii. Pouzili
prisnou hrani¢ni hodnotu ARR > 100 a nasledna diagnos-
tickd vysetreni potvrdila PHA u 17 % pacientd.”? Tento
pfistup zdUrazrfiuje moznost provadéni screeningu bez
vysazeni medikace.

Calhoun a spol. zahrnuli do své studie 88 pacientt
a jako konfirmacni test vyuzili 24hodinovy sbér moci
pfi vysokém pfijmu soli. Vysledna prevalence PHA ¢inila
20 %. Autofi nepozorovali rozdily mezi ¢ernosskymi a bé-
lo3skymi pacienty.?

Douma a spol. zjistili prevalenci primarniho hyperaldos-
teronismu 11,3 %. Pouzita pfisnd kritéria (ARR > 65 a kon-
centrace aldosteronu > 416 pmol/l) spolu s potvrzovacimi
testy zajistuji vysokou specifitu diagndzy. Nicméné zahrnu-
ti pacient s fenoménem bilého plasté - tj. jedincy, jejichz
zvyseny krevni tlak se projevuje pouze v ordinaci, zatimco
mimo ni jsou hodnoty normalni — vede k zafazeni méné
rizikové skupiny. Pravdépodobnost vyskytu sekundarni hy-
pertenze u téchto pacientl je totiz vyrazné nizsi, coz muze
mit za nasledek nizsi celkovou prevalenci PHA ve srovnani
s kohortami, kde je pseudorezistence prisnéji vyloucena.

Sang a spol. provadéli screening u 1 656 pacientd
s méné prisnou definici rezistentni hypertenze a nizsi hra-
ni¢ni hodnotou pro ARR (ARR > 20). Jako potvrzovaci test
byl pouzit intravendzni zatézovy test fyziologickym roz-
tokem. Tento pfristup vedl k nizsi zjisténé prevalenci PHA
(7,1 %), pravdépodobné kvuli sirsimu spektru pacientt
zahrnutych do studie.*

Florczak a spol. analyzovali 204 pacientl s rezistentni
hypertenzi striktné definovanou na zakladé ABPM a vy-
louceni pseudorezistence (nedostate¢na adherence, feno-
mén bilého plasté). U této peclivé vybrané populace ¢inila
prevalence PHA 15,7 %.8

Parasiliti-Caprino a spol. stanovili nejvyssi prevalenci
PHA (29,1 %) mezi 110 pacienty. Pfed zafazenim do stu-
die pfisné vyloudili jiné pfi¢iny pseudorezistence véetné

Tabulka 3 - Charakteristiky studii a prevalence PHA u rezistentni hypertenze

Pocet Prevalence
Studie pacient  Charakteristika skupiny PHA
Strauch et al. 402 Pacienti se stiedni az tézkou hypertenzi 19 %
Calhoun et al. 88 Cernosi i bélosi s rezistentni hypertenzi, stabilné na medikaci 20 %
Pacienti s rezistentni (a u casti refrakterni) hypertenzi, bez predchozich
Parasiliti-Caprino etal. 110 kardiovaskularnich pfihod 29,1 %
Florczak et al. 204 Pacienti s rezistentni hypertenzi (podle ABPM, vék 19-65 let, s dobrou renalni funkci) 15,7 %
Sang et al. 1656 Cingti pacienti s rezistentni hypertenzi (nebylo vyzadovéano uzivani diuretika!) 71 %
Douma et al. 1616 Pacienti s rezistentni hypertenzi (Ié¢ba minimalné trojici Iékd vcéetné diuretika) 11,3 %
Pacienti s nedostatecné kontrolovanou hypertenzi, u nichz bylo ARR méfeno na
Gallay et al. 90 chronické medikaci 17 %
Zameérem bylo detekovat pacienty s nizkou aktivitou reninu u pacientu s rezistentni
Eide et al. 90 hypertenzi -
Martell et al. 50 Pacienti s rezistentni hypertenzi bez hypokalemie 14 %
Umpierez et al. 100 Diabeticti pacienti s rezistentni hypertenzi 14 %

ABPM - 24hodinové ambulantni monitorovani krevniho tlaku, ARR — pomér aldosteron-renin.
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dal3i sekundarni pficiny hypertenze, jako je renovaskular-
ni hypertenze, obstrukéni spankovéd apnoe nebo hyper-
kortizolismus, coz vedlo k selektivnimu vybéru pacientt
s vy$sim procentudlnim nalezem PHA.>

Strauch a spol. hodnotili 402 pacientt a zjistili celko-
vou prevalenci PHA 19 %. Dulezité bylo zjisténi, ze 30 %
pacientt s PHA mélo normalni kalemii, coz podtrhuje, Ze
hypokalemie neni nutnou podminkou pro diagnézu PHA.®

Martell a spol. se zaméfili na populaci 50 pacientl
s rezistentni hypertenzi a zjistili prevalenci PHA 14 %. Ze
studie byli vylou¢eni pacienti s hypokalemii, coz zname-
na, Ze analyza se zaméfila vyhradné na normokalemic-
ké jedince s rezistentni hypertenzi. Pfesto byl primarni
hyperaldosteronismus diagnostikovan u sedmi pacientd,
coz potvrzuje, Zze jeho pfitomnost neni nutné spojena
s hypokalemii." Toto vylucovaci kritérium mohlo vést
k podhodnoceni skute¢né prevalence primarniho hype-
raldosteronismu, ¢imz se zavéry studie vztahuji pouze na
normokalemickou rezistentni hypertenzi a zdGrazruji po-
tfebu 3irsich screeningovych strategii."

Eide a spol. analyzovali 90 pacientt s rezistentni hyper-
tenzi a zjistili, Ze 67 % z nich mélo nizky renin. Tento na-
lez naznacuje, Ze hyperaldosteronismus mUze byt u této
populace poddiagnostikovan, pokud neni screening pro-
veden systematicky.®

Umpierez a spol. studovali 100 pacientt s diabetes mel-
litus 2. typu a rezistentni hypertenzi. Zjistili 14% preva-
lenci PHA a zdudraznuji vyznam pravidelného screeningu
i v této specifické podskupiné pacientu, kde je podezieni
na PHA casto prehlizeno.™

Tyto rozdily v metodologii a diagnostickych pfistupech
ukazuji na nutnost standardizace diagnostickych kritérii,
zejména pokud jde o definici rezistentni hypertenze, po-
uziti ARR jako screeningového testu a nasledné potvrzo-
vaci vysetreni.

V souhrnu lze konstatovat, Ze ackoli jednotlivé studie
vykazuji rozpéti cca 7-29 %, vSechny potvrzuji, Ze PHA je
nejcastéjsi pricinou sekundarni hypertenze v rdmci aRH.

Diskuse

Analyza literatury jednozna¢né dokladd, Zze PHA je castou
pficinou aRH. PrestoZe se v nékterych studiich prevalen-
ce PH pohybuje az nad 20 %,%* existuji i studie hlasici nizsi
hodnoty,*'" coz je Castecné vysvétlitelné odlisnou defini-
ci rezistentni hypertenze, rGznymi hrani¢nimi hodnotami
ARR a rtiznou populaci pacientl. Je rovnéz dulezité pripo-
menout, Ze PHA se mUzZe vyskytovat i u pacientd s leh¢imi
formami hypertenze. Rezistentni hypertenze predstavuje
skupinu s nejvyssim rizikem, aviak ¢ast nemocnych je dia-
gnostikovana jiz v ¢asnéjsich stadiich. Tato skutecnost se
odrazi i v recentnich doporucenich, kterd doporucuji zvazit
screening nejen u zdanlivé rezistentni hypertenze, ale také
u vybranych pacientd s méné pokrocilou hypertenzi, zejmé-
na pfi hypokalemii nebo familidrni zatézi.

Dllezitym aspektem je, Ze mnoho pacienti s PH nema
hypokalemii (uvadi se pfiblizné 30-50 % podle rlznych
praci), takZze pouzivani pouze hypokalemie jako vstupni-
ho kritéria muze vést k prehlédnuti podstatné casti pa-
cientd. V praxi se proto doporucuje vychdzet z ARR a v pfi-
padé abnormalniho vysledku (s pfihlédnutim k absolutni

koncentraci aldosteronu, reninu, Upravé farmakoterapie
a korekci hypokalemie) nésledné indikovat konfirmacni
test (zatézovy test fyziologickym roztokem nebo supresni
fludrokortizonovy test atp.).

Podstatny mUze byt i vyznam vyfazeni ostatnich, casto
se prekryvajicich pric¢in sekundarni hypertenze°'" jako
jsou renovaskuldrni hypertenze, obstrukéni spankova ap-
noe, hyperkortizolismus ¢&i rendlni parenchymatézni one-
mocnéni. Zvlast OSA je extrémné casta v této populaci,
Casto komorbidni s PHA."* Spravna identifikace PHA je
pfitom zasadni, nebot cilena lé¢ba (odstranéni funkéniho
adenomu ¢i nasazeni antagonistd aldosteronu) muze dra-
maticky zlepsit kontrolu TK i dlouhodobou prognézu.'™

Zavér

Primarni hyperaldosteronismus je castéjsi, nez se dfi-
ve predpokladalo, a i kdyZz je nejvyznamnéjsi pficinou
sekundarni hypertenze u rezistentnich pacientd, muaze
byt pfitomen také u nemocnych s mirnéjsimi formami hy-
pertenze. Proto je vhodné jej zvazovat i mimo kontext re-
zistentni hypertenze. Zjisténa prevalence PHA u pacientu
se zdanlivé rezistentni hypertenzi se v literature pohybuje
od 7 % do témér 30 %, pficemz stfedni hodnoty kolem
15-20 % jsou uvedeny predevsim studiemi provadénymi
ve specializovanych centrech s pfisnym vybérem pacientt.
V praxi to znamena, Ze u pacientl s rezistentni hyperten-
zi je zapotrebi aktivné vyhledavat PHA systematickym sta-
novenim ARR, nezanedbdavat ani normokalemické formy
a pouZzivat standardizované konfirmacni testy.

V podminkéch Ceské republiky se diagnosticky algorit-
mus opira o doporucené postupy Ceské spole¢nosti pro
hypertenzi (CSH), které reflektuji jak soucasné evropské
standardy, tak specifika domdci klinické praxe.

Tato iniciativa zahrnuje rovnéz zalozZeni registru pri-
marniho hyperaldosteronismu v Ceské republice, ktery
vede prof. MUDr. Jifi Widimsky, CSc.'® Registr pfedstavuje
dulezity krok ke zlepSeni kvality péce. Do registru jsou
prospektivné zarazovani vsichni nové diagnostikovani
pacienti s primarnim hyperaldosteronismem. Samotné
pridavani pacientl je vyhrazeno pouze centrlim zaraze-
nym v registru, nicméné se na tato centra muize obrétit
jakykoliv Iékar.

Sjednoceni metodologickych postupd by umozni-
lo efektivnéjsi diagnostiku," lepsi srovnatelnost studii
a v kone¢ném dusledku i adekvatni cilenou lécbu, jez
muze vyrazné zlepsit kontrolu TK a snizit kardiovaskular-
ni riziko.
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Betablokatory u pacientti po infarktu myokardu
také pfri ejekéni frakci 41-49 %?

(Beta-blockers in patients after myocardial infarction with ejection fraction 41-49%7?)
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Terapie betablokatory patfi mezi zakladni pilite medikamentdzni l1é¢by pacientt po infarktu myokardu se
snizenou ejekéni frakci. Ukazuje se, Ze benefit této terapie klesa spolu s narstajici ejekcni frakci. V posled-
ni dobé byly prezentovany vysledky nékterych studii (REBOOT-CNIC, BETAMI, DANBLOCK a CAPITAL-RCT)
a jejich metaanalyza, kterd prinesla velmi pfizniva data ukazujici benefit terapie betablokatory u pacientl
rd (vyskytu umrti ze vsech pficin, nového IM nebo srdec¢niho selhani) u pacientl Ié¢enych betablokatory. Na-
opak pro pacienty se zachovanou ejek¢ni frakci neni dostatek dat, ktera by prokazala jednoznacny benefit
terapie betablokatory.

© 2026, CKS.

ABSTRACT

Beta-blocker therapy is one of the fundamental pillars of pharmacological treatment for patients after
myocardial infarction with reduced ejection fraction. It has been shown that the benefit of this therapy
decreases as the ejection fraction increases. Recently, results from several studies (REBOOT-CNIC, BETAMI,
DANBLOCK, and CAPITAL-RCT) and their meta-analysis have been presented, providing very favorable data
demonstrating the benefit of beta-blocker therapy in patients with mildly reduced left ventricular ejecti-
on fraction. According to this analysis, a lower incidence of monitored outcomes (all-cause mortality, new
myocardial infarction, or heart failure) was observed in patients treated with beta-blockers. Conversely, for
patients with preserved ejection fraction, there is insufficient evidence to demonstrate a strong benefit of

Myocardial infarction beta-blocker therapy.

Podle guidelines Evropské kardiologické spolecnosti je
u pacientd po akutnim infarktu myokardu (IM) terapie
betablokatory jednozna¢né doporucena u vsech pacientt
s ejekeni frakci levé komory < 40 %, a to bez ohledu na
pritomnost symptom0 srdecniho selhani (tfida doporuceni
I, uroven A).' U ostatnich pacienttd je bez ohledu na hod-
notu ejekéni frakce a pfitomnost symptomud doporuceno
zvazit podani betablokatoru (tfida doporuceni lla, Uroven
B). Zatimco sila dukazl pro terapii betablokatory u paci-
entl se snizenou ejek¢ni frakci byla prokazana na zakladé
fady studii (plati jak pro podani trombolyzy, tak i pfimou
revaskularizaci), pro podani betablokdtorll u ostatnich
pacientd byla k dispozici pouze omezena data. Tato data

reprezentovala studie CAPITAL-RCT (Carvedilol Post-Inter-
vention Long-Term Administration in Large-scale Rando-
mized Controlled Trial), slo o tzv. open-label studii, ktera
randomizovala 801 pacientud s infarktem myokardu s ele-
vacemi Useku ST (STEMI) lécenych pfimou koronarni in-
tervenci se zachovanou ejeké¢ni frakci, jimz byl podavan
carvedilol ¢i placebo.? V pribéhu tfiletého sledovani se
incidence kombinovaného vyskytu umrti ze viech pficin,
IM, hospitalizace pro srde¢ni selhdni a hospitalizace pro
akutni koronarni syndromy (AKS) mezi obéma skupina-
mi vyznamné nelidila. Aviak studie neméla dostatecnou
statistickou silu, a proto se ¢ekalo na vysledky ostatnich
prospektivnich randomizovanych kontrolovanych studii,
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které by se vénovaly skupiné pacientd s mirné snizenou i
zachovanou ejekéni frakei.

Betablokatory u pacientt po infarktu
myokardu se snizenou ejekéni frakci

Pro tuto skupinu pacientl zGstavaji v platnosti dosavadni
doporuceni terapie betablokatory. Tato doporuceni vy-
chazela z vysledk metaanalyzy vice nez 30 000 pacientl
se srde¢nim selhdnim se snizenou ejek¢ni frakci (HFrEF)
v ramci nékolika randomizovanych kontrolovanych stu-
dii, jako jsou CIBIS-1l, COPERNICUS a MERIT-HF, prokazala
35% snizeni mortality a 30% snizeni hospitalizaci pro sr-
decni selhani u pacientd s HFrEF v dasledku uzivani beta-
blokatord.>* Tyto studie byly provedeny na pacientech se
srdec¢nim selhanim se snizenou ejekéni frakci, prevazujici
pri¢inou srdec¢niho selhani byla ischemicka etiologie, kdy
vétsina akutnich koronarnich syndrom0 typu STEMI byla
l[é¢ena trombolyticky. Studii, ktera porovnavala efekt te-
rapie betablokatory u pacientl po akutnim infarktu myo-
kardu se snizenou ejek¢ni frakci, byla studie CAPRICORN
a potvrdila benefit terapie.> Priznivy efekt terapie betab-
lokatory byl potvrzen i v éfe pfimych koronarnich inter-
venci v prdbéhu akutniho infarktu myokardu.t Analyzy
dalSich studii vSak naznacily, Ze benefit terapie betablo-
katory klesa s narustajici ejekéni frakci. Relativni snizeni
rizika pfi uzivani betablokatord bylo pouze 17 % u paci-
entl s EF LK 41-50 % ve srovnani se 43 % u pacientl s EF
LK <30 %.4

Recentni studie analyzujici efekt terapie
betablokatory u pacientll po infarktu
myokardu s mirné snizenou ejek¢ni frakci

V uplynulych mésicich byly publikovany nékteré stu-
die prinasejici dllezitd data podporujici benefit terapie
betablokatory v této skupiné pacientl. Jde o studie RE-
BOOT-CNIC, BETAMI, DANBLOCK a jejich metaanalyzu
zahrnujici relevantni data z téchto studii i ze studie CA-
PITAL-RCT. Vysledky téchto studii jsou nyni aktivné disku-
tovany a velmi pravdépodobné se promitnou do pfistich
doporuceni.

Prvnimi z nich jsou studie BETAMI a DANBLOCK. Obé
studie jsou velmi podobné a také byvaji prezentovany
spole¢né pod oznacenim BETAMI-DANBLOCK, probéhly
v severskych zemich (Norsko a Dansko).” Slo o otevienou,
randomizovanou studii se zaslepenym hodnocenim cilo-
vych parametrd, do niz byli zafazeni pacienti, ktefi pro-
délali akutni infarkt myokardu a méli ejek¢ni frakci ale-
spon 40 % a ktefi byli ndsledné randomizovani k terapii
betablokatory v poméru 1 : 1. Slozenym priméarnim cilo-
vym ukazatelem bylo umrti z jakékoli pric¢iny nebo vyskyt
zavaznych nezddoucich kardiovaskularnich pfihod (novy
infarkt myokardu, nepldnovana koronarni revaskulari-
zace, ischemicka cévni mozkova pfihoda, srde¢ni selhani
nebo maligni komorova arytmie). Do studie bylo zara-
zeno 2 783 pacientl lécenych betablokatory a 2 791 ve
skupiné bez betablokatord. V pribéhu sledovani (median
sledovani dosahoval 3,5 roku) se primarni cilovy ukazatel
vyskytl u 394 pacientl (14,2 %) ve skupiné s betabloka-

tory a u 454 pacientld (16,3 %) ve skupiné bez betablo-
katord (pomér rizik [HR] 0,85; 95% interval spolehlivosti
[C1] 0,75-0,98, p = 0,03). Umrti z jakékoli pFiciny se vyskyt-
lo u 4,2 % léCenych betablokatory, u 4,4 % pacientl ve
skupiné bez betablokatoru, infarkt myokardu se vyskytl
u 5,0 %, resp. u 6,7 % pacientd (HR 0,73; 95% Cl 0,59-
0,92), neplanovana koronarni revaskularizace u 3,9 %,
resp. 3,9 % pacientd, ischemicka cévni mozkova piihoda
u 1,6 %, resp. 1,3 % pacientd, srdec¢ni selhani u 1,5 %,
resp. 1,9 % pacientd a maligni komorova arytmie u 0,5 %
a 0,6 % pacientd. Mezi skupinami nebyly pozorovany
zadné zjevné rozdily v bezpecnostnich vyslednych para-
metrech. Hlavnim vysledkem studie bylo zjisténi, Ze u pa-
cientl s infarktem myokardu a ejekéni frakci levé komory
alespor 40 % vedla lé¢ba betablokatory k nizsimu riziku
umrti nebo zdvaznych nezadoucich kardiovaskularnich
pfihod. Tento vysledek byl statisticky velmi vyznamny.

Studie REBOOT-CNIC byla prezentovéana prof. B. Ibané-
zem v ramci sekce Hot Lines na loriském vyrocnim sjezdu
ESC.2 Studie REBOOT-CNIC byla oteviend, randomizovana
studie, kterad probéhla ve Spanélsku a Italii, jejim cilem
bylo zhodnotit efekt terapie betablokatory u pacien-
ta s akutnim infarktem myokardu s elevacemi useku ST
(STEMI) i bez elevaci useku ST (NSTEMI) a ejekéni frakci
levé komory nad 40 %. Slozeny primarni cilovy ukazatel
zahrnoval umrti z jakékoli pficiny, reinfarkt nebo hospi-
talizaci pro srdecni selhani. Do studie bylo zafazeno 4 243
pacientld lécenych betablokatory a 4 262 do skupiny bez
betablokatorl. Celkem bylo analyzovano 8 438 pacientd,
medidn sledovani ¢inil 3,7 roku a primarni cilovy ukazatel
se vyskytl u 316 pacientl (22,5 udalosti na 1 000 pacien-
toroku) ve skupiné s betablokatory a u 307 pacientt (21,7
udalosti na 1 000 pacientorokt) ve skupiné bez betablo-
katort (HR 1,04; 95% Cl 0,89-1,22, p = 0,63). Umrti z ja-
kékoli priciny se vyskytlo u 161, resp. 153 pacientt (11,2
vs. 10,5 ptihody na 1 000 pacientorokd; HR 1,06; 95% ClI
0,85-1,33); reinfarkt u 143, resp. 143 pacientl (10,2 vs.
10,1 pfihody na 1 000 pacientorok(; HR 1,01; 95% CI
0,80-1,27) a hospitalizace pro srdec¢ni selhdni u 39, resp.
44 pacientt (2,7 vs. 3,0 prihody na 1 000 pacientorokl; HR
0,89; 95% ClI 0,58-1,38). Nebyly zaznamenany zadné zjev-
né rozdily mezi skupinami v bezpecnostnich vyslednych
parametrech. Studie ukazala, Ze u pacientd po akutnim
infarktu myokardu s ejekéni frakci nad 40 % terapie be-
tablokatory neméla vyznamny vliv na vyskyt umrti z ja-
kékoli priciny, reinfarktu nebo hospitalizace pro srde¢ni
selhani.

Avsak tato studie také ukazala, Ze u pacient s mirné
snizenou ejekéni frakei (EF LK 40-49 %) se vyskytlo méné
cilovych ukazatell pravé ve skupiné pacientd lé¢enych
betablokatory.

Metaanalyza studii efektu betablokatoru
u pacientu s infarktem myokardu a mirné
snizenou ejek¢ni frakci

Na zakladé vysledkl téchto studii byla provedena meta-
analyza dat pacientd s mirné snizenou ejek¢ni frakci po
infarktu myokardu.® Tyto studie byly zafazeny pro jejich
usporadani (kontrolované randomizované studie), zahr-
novaly pacienty po akutnim infarktu myokardu (maxi-
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Obr. 1 - Kumulativni incidence primarniho cilového ukazatele a jeho jednotlivych slozek.? (A) Primarni cilovy ukazatel (kombinace umrti ze
vsech pficin, nového infarktu myokardu nebo srdecniho selhani), (B) umrti ze vsech pficin, (C) novy infarkt myokardu, (D) srdecni selhani.

Cl - interval spolehlivosti; HR — pomér rizik.

malné 14 dnl pred randomizaci) s mirné snizenou ejekéni
frakci levé komory, doba sledovani dosahovala alespon
12 mésicl. Predefinovany slozeny cilovy ukazatel zahr-
noval mortalitu ze vSech pficin, novy infarkt myokardu i
srdecni selhdni. Vsechny cilové ukazatele byly také hod-
noceny individualné. Metaanalyza zahrnovala celkem 1
885 pacientl (979 pacientld kohorty studie REBOOT-CNIC,
422 pacientd ze studie BETAMI, 430 pacientl ze studie
DANBLOCK a 54 pacientt ze studie CAPITAL-RCT). Z nich
991 bylo léceno betablokatory, 894 pacientl nikoliv.
SloZzeny primdrni cilovy ukazatel (mortalita ze vSech pfi-
¢in, novy infarkt myokardu ¢&i srde¢ni selhani) se vyskytl
u 106 pacientl lécenych betablokatory a u 129 pacientt
bez terapie betablokatory (HR 0,75, 95% Cl 0,57-0,97, p
= 0,031). Vyskyt slozeného primarniho ukazatele i jeho
jednotlivych slozek ukazuje obrazek 1. Mezi jednotlivymi
studiemi nebyla zjisténa Zzadnd vyznamnd heterogenita
(p pro interakci 0,95) a ani mezi jednotlivymi zemémi, ve
kterych byly studie provedeny (p pro interakci 0,98). PFi
analyze jednotlivych analyzovanych komponent bylo do-
sazeno téchto vysledkd: umrti ze viech pfic¢in 5,9 % vs.
7,7 % ve prospéch terapie betablokatory (HR 0,78; 95%
Cl 0,55-1,11), vyskyt nového infarktu myokardu 3,9 %,
resp. 5,2 % (HR 0,77; 95% ClI 0,55-1,11), srdec¢ni selhani

3,0 %, resp. 4,4 % pacientl (HR 0,71; 95% Cl 0,44-1,14).
Navic byla analyzovdna data pro umrti z kardialnich pfi-
¢in: 1,8 % u pacientl s betablokatory vs. 3,3 % u pacientt
nelécenych betablokatory (HR 0,55; 95% CI 0,28-1,06).

Terapie betablokatory po infarktu myokardu
u pacientt se zachovanou ejekéni frakci

Zatimco pro pacienty se snizenou ejekéni frakei (EF LK pod
40 %) trva doporuceni trvalé Iécby betablokatory, u pa-
cientl se zachovanou ejekéni frakci zGstava tato otazka
stale otevfend a zatim na ni nepfinesly odpovéd zadné
z dosud provedenych klinickych studii. Velké nadéje se
vkladaly do studii ABYSS a REDUCE-AMI, jejichz vysledky
byly prezentovany v predchozim roce. Jejich detailnimu
hodnoceni se vénoval v ¢asopise Cor et Vasa MUDr. Petr
Jansky.' Studie ABYSS se zaméfila na problematiku pre-
ruseni terapie betablokatory u pacientd po prodélaném
infarktu myokardu (pred vice nez Sesti mésici) a s ejek¢ni
frakci levé komory nad 40 %, jejim slozenym primdarnim
cilovym ukazatelem byl vyskyt umrti, nefatdlnich infarktud
myokardu, nefatalnich cévnich mozkovych pfihod a hos-
pitalizaci z kardiovaskularnich pfi¢in. Studie nepfinesla



76

Betablokatory u pacientl po IM také pfi EF 41-49 %?

jednoznacna data ve prospéch preruseni léc¢by betablo-
katory v této skupiné pacientl (nebylo dosazeno predem
stanovené statistické hranice pro prikaz non-inferiority
strategie preruseni l1é¢by betablokatorem). V této studii
doslo u pacientll po vysazeni betablokatoru k castéjsim
hospitalizacim s nutnosti revaskularizacnich zakrok
(18,9 % vs. 16,6 %), naopak pfi hodnoceni vyskytu umrti,
nefatalnich infarktd myokardu a cévnich mozkovych pfi-
hod nebyl nalezen statisticky vyznamny rozdil (7,2 % pfi
preruseni [écby vs. 6,8 % pri pokracujici 1écbé).

Studie pod oznacenim REDUCE-AMI (Beta-Blockers af-
ter Myocardial Infarction and Preserved Ejection Fraction)
méla zékladni cil porovnat efekt terapie betablokatory
na slozeny cilovy ukazatel (Umrti ze viech pfic¢in nebo
novy infarkt myokardu). Ackoliv byla tato studie relativné
robustni, v fadé sledovanych parametr( byla terapie be-
tablokatory asociovana s lepsimi vysledky (pacienti |é¢eni
betablokatory méli nizsi vyskyt primarniho cilového uka-
zatele, nizsi celkovou mortalitu, nizsi vyskyt infarktu myo-
kardu, hospitalizaci pro srdec¢ni selhani), presto nedosah-
la presvédcivé statistické vyznamnosti prokazujici benefit
terapie betablokatory v této skupiné pacientt. Dvodem
byl mimo jiné nadhodnoceny plvodni odhad vyskytu pri-
marniho cilového ukazatele, ale také casty ,cross-over”
mezi obéma skupinami pacientd."

V ramci Uplnosti je nutné zminit, Ze obé studie neu-
moznily doposud odpovédét na poloZzené otazky délky tr-
vani terapie betablokatory po infarktu myokardu ¢i jejiho
benefitu i u pacientd se zachovanou ejekéni frakci, avsak
ukazaly, Ze betablokatory maji pozitivni efekt i v téchto
skupinach pacientd.

Z téchto davodu je nutné vyckat vysledkd dalsich bu-
doucich studii.

V této oblasti tedy nemame pfili§ mnoho studii schop-
nych zodpovédét jednoznacné tyto otazky, a jak se uka-
zuje, jejich zodpovézeni neni zdaleka jednoduché z né-
kolika dlvodu:

e v porovnani s HFrEF u pacientt se srdecnim selhdnim
se zachovanou ejek¢ni frakci (HFpEF) nedochazi k tak
intenzivni neurohumordlni odpovédi, kterou by mély
betablokatory priznivé ovliviiovat;

u pacientd s HFpEF s podstatné vyznamnéjsim patoge-
netickym faktorem chronotropni inkompetence, kdy
terapie betablokatory mize vyznamné oslabit kompen-
zatorni reakci organismu na selhani;

tato skupina pacientt je v soucasné dobé velmi efek-
tivné lécena: vysoky stupenn plné revaskularizace
téchto pacientl a vysoké procento pacientl lécenych
uc¢innou farmakoterapii, kterd zahrnuje efektivni pro-
tidestickovou terapii, u¢innou hypolipidemickou te-
rapii (velmi nizké cilové hodnoty cholesterolu v lipo-
proteinech o nizké hustoté [LDL cholesterolu], terapie
nejenom statiny), terapii velmi acinnymi ostatnimi
léky (inhibice systému renin-angiotenzin-aldosteron
[RAAS]) ¢i inhibitory sodiko-glukézového kotranspor-
téru 2 (SGLT2).

Ukazuje se, Ze soucasna terapie pacientu po infarktu
myokardu se zachovanou ejekéni frakci je velmi efektivni
a ze k prUkazu efektu na mortalitu a morbiditu je po-
tfeba vétdich soubord pacientl ¢i zvolit jinou metodiku
hodnoceni.

Zaver

Na zakladé letos zvefejnénych vysledkd studii se ukazuje,
Ze terapie betablokatory u pacientl po prodélaném in-
farktu myokardu s mirné snizenou ejek¢ni frakci ma nova
data ukazujici jeji vyznamny pfinos pro slozené ukazate-
le zahrnuijici celkovou mortalitu, novy infarkt myokardu
a srde¢ni selhani. Soucasné byl prokazan pfiznivy trend
pfi ovlivnéni jeho jednotlivych slozek véetné mortality
z kardiovaskularnich pficin. Vysledky jednotlivych studii
i jejich metaanalyzy se odrazily v tiskovych vyjadrenich
Evropské kardiologické spolecnosti prezentovanych na
jejim webu dne 30. srpna 2025:'%13

e UCinky terapie beta-blokatory u pacientd po infarktu
myokardu (IM) s mirné snizenou ejek¢ni frakci levé ko-
mory (EF LK 40-49 %) jsou do zna¢né miry neznamé;

u betablokatorl bylo pozorovano vyznamné snizeni pri-
marniho cilového ukazatele ve srovnani s pacienty bez
betablokatorl (studie BETAMI a DANBLOCK), tyto vy-
sledky naznacuji, Ze navzdory pokrokdm v soucasné lé¢-
bé IM zlstavaji pfiznivé ucinky betablokatorl klinicky
relevantni, a to i u pacientd se zachovanou nebo mirné
snizenou ejek¢ni frakci levé komory;

predem specifikovand metaanalyza ¢tyf studii na drov-
ni jednotlivych pacientl prokdzala vyznamné snizeni
vyskytu cilového ukazatele slozeného z umrti ze vSech
pfi¢in, nového IM nebo srdecniho selhani u pacientd
uzivajicich betablokatory oproti pacientim bez beta-
blokatord,

se snizenou EF LK na pacienty s mirné snizenou EF LK.

Ve svétle téchto poznatkl je pravdépodobné, ze na
vysledky téchto studii budou reagovat pfisti doporuceni.
Doposud nezodpovézenou otazkou vsak i nadale zUsta-
va otazka pouziti betablokator u pacientt po infarktu
myokardu se zachovanou funkci levé komory.
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V prehledovém ¢lanku se zabyvame problematikou srdecni resynchronizacni [écby (SRL) u détskych pacientl
a pacientl s vrozenymi srde¢nimi vadami (VSV), ktefi trpi srdecnim selhanim zptsobenym systolickou dys-
funkci a elektromechanickou dyssynchronii. Srdec¢ni selhani je u pacientd s VSV vyznamnou pfic¢inou dlou-
hodobé morbidity a mortality. V Ceské republice se ro¢né narodi kolem 600-700 déti s VSV a vétsina z nich
vyZaduje intervencni 1é¢bu. Komplikaci fady kardiochirurgickych vykont je elektromechanicka dyssynchro-
nie zpUsobend raménkovou blokddou nebo konvenéni komorovou stimulaci. SRL je tedy integralni soucasti
|écby srdec¢niho selhani i u této skupiny pacient.
Clanek se zaméfuje na pficiny vzniku elektromechanické dyssynchronie a jeji diagnostiku pomoci EKG
a echokardiografie. Vysvétluje zasadni rozdily mezi srdecnim selhdnim u déti a dospélych. Vénujeme se
specifickym indikacim pro SRL a vyzvam, které tato lécba pfinasi. Shrnujeme dosavadni vysledky SRL u rozdil-
nych anatomickych substratl vcetné systémové a pulmonalni pravé komory a dale u pacientt s jednokomo-
rovou cirkulaci. Cilem ¢lanku je pfispét k lepsimu pochopeni a optimalizaci SRL pro pacienty s VSV.

© 2026, CKS.

ABSTRACT

This review addresses the issue of cardiac resynchronization therapy (CRT) in pediatric and congenital heart
disease (CHD) patients with heart failure caused by systolic dysfunction and electromechanical dyssynchro-
ny. Heart failure is one of the leading causes of long-term morbidity and mortality in patients with CHD.
Approximately 600-700 children with CHD are born each year in the Czech Republic. Most of them require
interventional therapy. A number of cardiac surgical procedures results in electromechanical dyssynchrony
caused either by bundle branch block or conventional ventricular pacing. CRT presents an integral part of
heart failure therapy in this patient group.

This article focuses on the causes of electromechanical dyssynchrony and its diagnosis using ECG and echo-
cardiography. It explains the fundamental differences between heart failure in children and adults. We
discuss the specific indications for CRT and the challenges associated with this therapy and summarize the
results of CRT in different anatomical substrates including the systemic and pulmonary right ventricle and
single ventricle. The aim of this article is to contribute to a better understanding and optimization of CRT
in patients with CHD.
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Uvod

Dle publikovanych populaénich dat'? se v CR narodi 6,16
z 1 000 novorozenct s vrozenou srde¢ni vadou (VSV). V roce
2022 se v CR narodilo 99 800 déti (https:/csu.gov.cz/), z této
populace bude tedy pravdépodobné 615 mit VSV. Odhado-
vand incidence srde¢niho selhani (HF) u déti je sice relativné
nizka 0,9-7,4/100 000. Jde viak o onemocnéni s vysokou
morbiditou a mortalitou (7-26 %).23 Srdecni selhani na pod-
kladé systolické dysfunkce potencialné korigovatelné srdecni
resynchronizacni lé¢bou (SRL) v souvislosti s VSV se vyskytuje
u zhruba 20 % pacientl.? V dospélosti toto procento stoupa
az k 50 % sledované populace dospélych s VSV a je nejcastéjsi
pri¢inou morbidity a mortality u této skupiny pacientd.*

SRL je integralni soucasti moderni [é¢by HF s velmi dobre
dokumentovanou efektivitou. Je hojné vyuzivana v Iécbé
dospélych pacientl s HF se snizenou ejek¢ni frakei (HFrEF),
k jejimuz rozvoji doslo na podkladé ischemické nebo idiopa-
tické dilata¢ni kardiomyopatie.> Principy SRL jsou Uspésné
vyuzivany v terapii pediatrickych i dospélych pacientl s VSV
a HF.® Tato skupina pacientu se oviem vyznacuje velkou roz-
manitosti morfologického i funkéniho substratu, z jejichz
pfic¢in doslo k rozvoji dyssynchronniho srde¢niho selhani.
Kromé klasického selhani systémové levé komory mohou
mit tito nemocni v zavislosti na typu VSV selhani systémové
pravé nebo spole¢né komory a také selhani pulmonalni pra-
vé komory. Elektrickym substratem a pfic¢inou dyssynchro-
nie mize byt kromé blokady levého Tawarova raménka
(LBBB) také blokada pravého Tawarova raménka (RBBB) ci
nefyziologickd stimulace komor. Pro spravnou indikaci SRL
musi byt systolickd dysfunkce selhavajici komory v pfi¢inné
souvislosti s existujici elektromechanickou dyssynchronii.
Dalsi odlisnosti je relativné nizky vék pacientd pfi indikaci
SRL s perspektivou mnoha dekad Zivota s resynchronizacni
kardiostimulaci. Pri casté absenci vhodnych Zilnich pristupt
nebo pro nizky vék pacientd je k implantaci stimulacnich
elektrod nutno vyuZivat torakotomickych nebo smienych
pfistupl. Zaroven je vhodné minimalizovat pocet intervenci
spojovanim implantacnich vykont s jinymi kardiochirurgic-
kymi vykony v tzv. oknech pfilezitosti.

V prezentovaném piehledu se pokusime osvétlit jed-
notlivé aspekty dyssynchronniho srde¢niho selhani a SRL
u déti a pacientl s VSV, jakoz i shrnout dosavadni publi-
kované vysledky této lécby a nastinit jeji mozny budouci
vyvoj. V textu se vénujeme standardni SRL, pro stimulaci
prevodniho systému odkazujeme na patfi¢nou literaturu.”

Nase poznatky o uUcinnosti, ale i patofyziologii srdec¢ni
dyssynchronie jsou také odvozeny z klinickych studii, které
zahrnovaly predevsim dospélé pacienty s HFrEF na podkla-
dé neischemické a ischemické kardiomyopatie a na zakla-
dé zvifecich experimentalnich modeltd. Nize uvedené pato-
fyziologické déje na molekularni i hemodynamické Urovni
Castecné vychazeji z téchto studii. | kdyz Ize predpokladat,
Ze se v patogenezi elektromechanické dyssynchronie u déti
a pacientUd s VSV uplatriuji obdobné mechanismy.

Elektromechanicka dyssynchronie
jako pficina srdecniho selhani

Elektromechanickd dyssynchronie predstavuje univer-
zalni patofyziologicky substrat vzniku dyssynchronniho

srde¢niho selhdni. Jeji prfi¢inou je elektrické aktiva¢ni
zpozdéni v selhavajici srde¢ni komore zplsobené bud ra-
ménkovou blokadou, nefyziologickou komorovou stimu-
laci, ¢i difuzné postizenym vedenim v komore. Obecné Ize
mechanickou dyssynchronii vhodnou k SRL charakterizo-
vat tzv. klasickym obrazem dyssynchronie (classic pattern
dyssynchrony).®®

Dochazi k nekoordinovanému stahu protilehlych stén
komory. Energie generovana ¢asné aktivovanymi segmen-
ty komory se ¢astecné ztrati v dusledku predpjeti pozdné
aktivovanych segmentl. Pozdé aktivované segmenty na-
opak nepfispivaji k ejekci a jejich prace je také zmarnéna,
protoZe ¢ast jejich kontrakce nastava ve chvili, kdy je jiz
uzaviena aortalni chlopen pfi dyssynchronii systémové/
spole¢né komory ¢i pulmondlni chlopen pfi dyssynchronii
pulmonalni komory. To vede ke sniZzeni energetické ucin-
nosti, zhorseni funkce srdce jako pumpy a patologické
remodelaci dysfunkcni komory spojené s hypotrofii ¢asné
aktivovanych segment(, a naopak hypertrofii segmentt
pozdné aktivovanych, které jsou vystaveny daleko vyssi-
mu lokdInimu predtizeni v dasledku pasivniho natazeni
Casné se aktivujicimi ¢astmi komory.

Makroskopicka remodelace je provdzena zménami na
bunécné Urovni, z nichZ Ize mezi jinymi jmenovat pokles
mnozstvi B,- i B,-adrenergnich receptord, coz vede k nizsi
odpovédi kardiomyocytl na B-adrenergni stimulaci. Me-
tabolismus kalcia je poruseny na rlznych urovnich. Jsou
poruseny T-tubuly sarkoplazmatického retikula, coz vede
ke ztradtam kalcia. Navic klesa senzitivita kardiomyocytt
ke kalciu.’ Soucasné se zhorsuje i mitochondridlni funk-
ce a klesd mnozstvi syntetizovaného adenosintrifosfatu
(ATP). Hromadéni toxickych desminovych oligomert zvy-
Suje apoptdézu kardiomyocytd. Klinickym dusledkem vyse
uvedenych molekuldrnich zmén je zpomaleni a oslabeni
kontrakce. Zajimavé je, Ze molekuldrni zmény jsou v ce-
[ém myokardu, nikoliv jen v ¢asné/pozdné aktivovanych
segmentech komory." Je mozné, Ze zmény jsou loka-
lizovdny na pocatku srde¢niho selhani, ale s postupnou
progresi nemoci je postizen cely myokard a my nejsme
zatim diskrétni zmény na pocatku onemocnéni schopni
zachytit.

SRL obnovuje mechanickou kontrakéni synchronii
a normalizuje zmény na bunécné urovni. Dochazi tak
k makroskopické i celularni reverzni remodelaci vedouci
k normalizaci srde¢ni funkce. Casové okno pro efektivni
intervenci a restituci srde¢ni funkce neni ¢asové neome-
zené, proto je tfeba dusledné sledovani pacientl ve vyso-
kém riziku rozvoje srde¢niho selhani a eventualni vcasna
indikace k SRL.

Klasicky obraz mechanické dyssynchronie je zpuso-
beny elektrickym aktiva¢nim zpozdénim (obr. 1). Ten-
to druh dyssynchronie je ovlivnitelny srdecni resyn-
chronizacni 1é¢bou. Je tieba jej odlisit od kontraktilni
disparity. Kontraktilni disparita vznikd na podkladé
regionalnich odliSnosti v kontraktilité napf. v dasled-
ku ischemického poskozeni, chronické hypoperfuze,
heterogenity nervové/hormondlni stimulace ¢i fibrozy.
K elektrické aktivaci komor zde dochazi synchronné,
ale jedna c¢ast komory se stahuje silnéji nez druha. Opét
Ize pozorovat nekoordinovany pohyb, kdy silnd sténa
pretlacuje slabsi sténu, a ta se tak stahuje se zpozdé-
nim az v ¢asné diastole.® Tento typ dyssynchronie neni
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Obr. 1 - Klasicky obraz dyssynchronie podle odkazu 8.

Klasicky obraz dyssynchronie je definovan nasledujicimi tremi znaky:

1. Casna kontrakce alespori jednoho bazalniho ¢ midventrikularni-
ho segmentu v septalni ¢i anteroseptalni sténé je doprovazena
casnym protazenim (pfes stretch) alespon jednoho bazalniho ¢i
midventrikularniho segmentu protéjsi volné stény.

2. Kontrakce ¢asné aktivovanych segmentii nepfesahuje svym trva-
nim 70 % ejekéni faze komory.

3. Vrchol kontrakce segmentd, které byly na pocatku systoly na-
tazeny, nastava az po konci ejekce komory® a vede k protazeni
casné aktivovanych segmentt (rebound stretch).

AVC - uzavér aortalni chlopné; AVO - otevieni aortalni chlopné; MVC

— uzavér mitrélni chlopné; MVO - otevieni mitrlni chlopné.

ale ovlivnitelny SRL. Zaroven je kontraktilni disparita
Castéji pritomna u dospélych pacientd nez u détskych
pacientu.

Diagnostika elektromechanické dyssynchronie

Elektrokardiografie

EKG patfi mezi nejdéle uzivanou, bézné dostupnou a za-
kladni metodu v hodnoceni srde¢ni dyssynchronie. Hodno-
ceni $itky komplexu QRS (pro déti vétSinou na zakladé hod-
not vztazenych k normé pro dany vék pacienta) umozriuje
hrubou kvantifikaci miry aktivacniho zpozdéni. Dale po-
skytne informaci o lokalizaci opozdéné aktivace, neni vsak
vzdy dostatecné pro precizni posouzeni dyssynchronie.
Veskera dosavadni indika¢ni kritéria SRL jsou zaloZena
na 12svodovém EKG jako prikazu existence elektrického
aktivacniho zpoZzdéni. Pfesnéjsi alternativou k 12svodové-
mu EKG muze byt vysokofrekvenéni EKG (UHF-ECG), které
vyuzivd velky rozsah frekvenci komplexu QRS 150-1 000
Hz a umoznuje lepsi prostorovou orientaci. UHF-ECG ma
prokazatelny diagnosticky potencial v optimalizaci vybéru
vhodného mista pro stimulaci prevodniho systému ¢i SRL."

Echokardiografie

Starsi studie neprokazaly pozitivni vyznam echokardio-
grafie v detekci vhodnych kandidatd SRL u dospélych
pacientd s dilata¢ni nebo ischemickou kardiomyopatii.
Jejich nedostatkem byla Spatnd volba viceméné surogat-
nich parametrd, které sice odrdzeji globalni komorovou
dyssynchronii, ale nespecifikuji konkrétni typ vhodny
k resynchronizacni stimulaci.’>'* Nové echokardiografic-
ké techniky, zvlasté speckle tracking analyza, umoznily
detekci klasického obrazu dyssynchronie (classic pattern
dyssynchrony, viz vyse).>'* Takovy obraz dyssynchronie je
vhodny k SRL pomoci stimulace elektrodou preexcitujici
pozdé aktivované ¢asti myokardu tak, aby se jejich kon-
trakce synchronizovala s ¢asné aktivovanou sténou. U pa-
cientl s VSV jsme echokardiograficky schopni detekovat
tento typ dyssynchronie jak u levé, pravé, tak i spolecné
komory (obr. 2A-C)."®

Pre-stretch Rebound stretch

Casna kontrakce

Pozdni kontrakde
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Obr. 2 - Speckle tracking analyza kontrakce levé a pravé komory pomoci myokardiélniho strainu u pacientd s klasickym obrazem dyssynchronie.

(A) Dyssynchronie levé komory u pacienta s blokadou levého Tawarova raménka po nahradé aortalni chlopné. Vlevo nahofe je vyznacena ob-
last analyzy s barevnym kédovanim jednotlivych segmentu. Vlevo dole je ,,curved m-mode”, ktery graficky znazoriuje ¢asovani a intenzitu
segmentalni kontrakce v pribéhu srdecniho cyklu (viz EKG, Zlutou teckou je oznacen zacatek komplexu QRS). Mira kontrakce je znacena na-
ristajici intenzitou Cervené, mira natazeni (stretch) segmentu narustajici intenzitou modré. V pravé ¢asti obrazku je casovy pribéh deformace
jednotlivych barevné oznacenych segmentti. Kontrakce segmentu je dana zkracenim oproti plivodnimu stavu, je proto znacena jako negativni
vychylka. Longitudindlni segmentalni strain levé komory je znazornén jednotlivymi barevnymi kfivkami. Zelena, svétle modra a Zlutd kfiv-
ka znazorruje casné aktivované septum (negativni strain), jehoz kontrakce plsobi paradoxni protazeni (pre-stretch) pozdné aktivovanych
segmentti volné stény LK (pozitivni strain, tmavomodra a cervena kfivka). Vrchol kontrakce pozdné aktivovanych segmentll nastava az po
uzavéru aortalni chlopné (AVC), nepfispiva tedy k ejekci a vede k protazeni ¢asné aktivovanych segmentt (rebound stretch).
AVC - uzavér aortalni chlopné.

(B) Dyssynchronie pravé pulmonalni komory u pacienta s blokadou pravého Tawarova raménka. Obraz je velmi podobny dyssynchronii levé
komory. Casné se kontrahuijici septum (zelena, svétle modra a zluta kFivka) vede k paradoxnimu protazeni pozdné aktivované protilehlé
volné stény pravé komory (tmavomodra a cervena kiivka), jejiz vrchol kontrakce nastava az po uzavéru pulmonalni chlopné (PVC).

PVC - uzéavér pulmonalni chlopné.

(C) Stav po srdecni resynchronizacni |é¢bé pravé pulmonalni komory. Stejny pacient jako na obr. 2B. Je patrna synchronizace vsech segmen-
th pravé komory bez vyznamnéjsiho septolateralniho zpozdéni, se simultanni kontrakci vSech segmentii s dosazenim maxima kontrakce
(maximalni negativni vychylky) ve stejny okamzik.
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Speckle tracking echokardiografie také umoznuje ne-
invazivni stanoveni myokardidlni prace a jeji efektivity.
Metoda je zaloZena na konstrukci tlakové deformacni
krivky. Vyznamnou vyhodou je nezavislost metody na
dotizeni. Vypocet efektivity myokardialni prace by mohl
byt v budoucnosti pouzit k predikci efektu resynchroniza-
ce a byl rozpracovan i pro pravou pulmonalni komoru.'
Efekt SRL muize byt predikovan i pomoci pocitacového
modelovani podrobné popsaného v neddvné publikaci'’
o aplikaci SRL u selhdvajici pravé komory u pacienta po
operaci Fallotovy tetralogie.

Odlisnosti SRL u déti a pacientli s VSV
od dospélych s idiopatickou a ischemickou
kardiomyopatii

1. Morfologicky a funk¢ni substrat tvorici indikaci k SRL
je u déti a pacientd s VSV daleko komplexnéjsi nez
u dospélych pacientl s ischemickou nebo idiopatickou
dilata¢ni kardiomyopatii. To je ddno riiznou anatomii
selhavajici systémové nebo pulmondlni komory, jakoz
i rlznymi typy aktiva¢niho zpozdéni. U VSV je RBBB
Castéjsi nez LBBB. Morfologie RBBB u déti ¢asto vznika
iatrogenné v dUsledku chirurgickych zakrokd nebo sa-
motnych srdec¢nich vad, a to jiz v détském véku.

2. Primérny vék implantace SRL u dospélych pacientd
je 68 let.”® Primérny vék implantace u déti je napro-
ti tomu okolo 11 let.' Negativni vliv dyssynchronie na
funkci komor a prognézu pacienta muze byt v pfipa-
dé pozdé aplikované SRL zdsadné del3i nez u typickych
starSich dospélych pacientt se srdecnim selhdnim ¢i
kardiomyopatii.?® Rozhodovani o optimalnim nacaso-
vani a typu SRL u déti neni vzdy jednoduché s ohledem
na komplexnost vrozenych srdecnich vad a pfitomnost

predchozich, jakoz i potencidlni nutnost budoucich
kardiovaskularnich intervenci. Bereme v Uvahu dyna-
miku celé Fady parametrd (klinické pFiznaky, Sitka QRS,
morfologie a funkce komor) s ohledem na mozny bu-
douci vyvoj stavu,® jakoz i pfitomnost oken pfilezitosti
k implantaci SRL v ramci jiného indikovaného kardio-
chirurgického vykonu. Obecné plati, Ze SRL by méla byt
spiSe proaktivni a spravné zasazena do celkového kon-
ceptu celozivotni l1é¢by srde¢niho onemocnéni. SRL je
zaroven invazivni vykon s rizikem kratkodobych i dlou-
hodobych komplikaci. Proto je integralni soucasti kaz-
dé indikace individualni zvazeni prinosu proti rizikam.

3. Pro SRL u déti a pacientd s VSV neexistuji zadné pro-

spektivni randomizované studie. Neddvno publikovana
doporuceni HRS/APHRS/LAHRS® zaloZzena prevazné na
retrospektivnich deskriptivnich studiich (viz nize) vSak
umoznuji individualizaci indikace SRL podle typu selha-
vajici komory. Pfed aplikaci SRL je nezbytné provést po-
drobné zhodnoceni elektromechanické dyssynchronie
predevsim s ohledem na pfitomnost komponent kla-
sického obrazu dyssynchronie (viz vy3e) a zvolit sprav-
né umisténi stimula¢nich elektrod. Uspésnost SRL pak
muze dosahnout az 88 %.%' Pokud je pacient po kardio-
chirurgickém zakroku, je vhodné SRL otestovat pomoci
docasnych stimulacnich elektrod, které se implantuji
rutinné v prabéhu vykonu.

Indikace a aplikace SRL u déti a pacientt s VSV

Indikace SRL pro tuto specifickou skupinu pacientl byly
nedavno popsany v roce 2023 HRS/APHRS/LAHRS guide-
line on cardiac physiologic pacing for the avoidance and
mitigation of heart failure.® Na rozdil od predchozich do-
porucenych postupt?® zahrnuji pacienty s ejekcni frakci

Tabulka 1 - Indikacni kritéria srdecni resynchronizacni lécby u pacienti s VSV

Trida Uroven
doporuceni  dukazt

2a C-LD

Doporuceni

1. U pacientd s VSV pfi GDMT se systémovou LK, EF LK < 45 % a s dyssynchronii komor (definovanou jako

skore z sitky komplexu QRS > 3 nebo se stimulaci komor > 40 %), je pro snizeni rizika Umrti nebo nutnosti

transplantace vhodna SRL s BiV stimulaci.

2. U pacientu s VSV a jednokomorovou cirkulaci, ktefi vyzaduji stimulaci, je apikalni stimulace vhodnéjsi nez
3. U pacientt s VSV, jednokomorovou cirkulaci a se symptomatickym HF pfi GDMT Ize pro zachovani funkéni

4. U pacientu s VSV, systémovou PK a se symptomatickym HF pfi GDMT, spojenym s elektrickym aktivacnim

zpozdénim nebo vyzadujicim vyznamnou komorovou stimulaci Ize pro zlepseni nebo zachovani funkéni tridy

5. U pacientli s VSV a se subpulmonalni PK Ize pii dysfunkci PK a RBBB pro zlepseni funkce PK zvazit SRL

2a C-LD
neapikalni stimulace.
2b C-LD
tridy NYHA a/nebo funkce komor zvazit SRL s multisite stimulaci komor.
2b C-LD
nebo funkce komor zvazit SRL s BiV stimulaci.
2b C-LD
s fusion-based stimulaci (s plynulym stahem).
2b C-LD

6. U pacientt s CCTGA a s AV blokadou, u nichz nebyla provedena anatomicka korekce, Ize pro zlepseni

funkéniho stavu zvazit CSP s HBP nebo LBBAP.

AV - atrioventrikuldrni; BiV - biventrikularni; CCTGA - vrozené korigovana transpozice velkych tepen (congenitally corrected transposition of
the great arteries); CSP - stimulace prevodniho systému (conduction system pacing); EF LK - ejek¢ni frakce levé komory; GDMT - |écba v sou-
ladu s doporucenymi postupy (guideline-directed medical therapy); HBP (His bundle pacing) — stimulace Hisova svazku; HF - srde¢ni selhani;
LBBAP - stimulace prevodniho srdecniho systému na trovni levého Tawarova raménka (left bundle branch area pacing); LK - leva komora;
PK - prava komora; RBBB - blokada pravého Tawarova raménka; SRL - srdecni resynchronizacni 1é¢ba; VSV - vrozena srde¢ni vada.
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selhdvajici levé systémové komory < 45 % (dfive < 35 %)
a také resynchronizaci pravé pulmonalni komory. Umoz-
nuji také indikaci SRL pro pouhou stabilizaci funkce sys-
témové komory v pfipadé nepriznivé dynamiky bez ohle-
du na jeji aktualni ejek¢ni frakci. Davaji tak prostor pro
proaktivnéjsi pristup k |écbé a prevenci dyssynchronniho
srdecniho selhani (tabulka 1).

Technické okolnosti aplikace SRL mohou byt na roz-
dil od dospélych pacientd s idiopatickou nebo ische-
mickou dilata¢ni kardiomyopatii velmi rozmanité a ridi
se vékem, pritomnosti Zilniho pristupu ke stimula¢nim
mistam, jakoZ i rozmanitosti strukturdlnich a funk¢nich
substratd srdecniho selhdni. Ve zkratce lze fici, ze vice
nez polovina implantovanych systému je z torakotomic-
kého epikardialniho nebo smiSeného pfistupu.’ Néktefi
pacienti, napf. s apikobazalni dyssynchronii v dusledku
predchozi apikalni komorové stimulace, vyZzaduji speci-
fické pristupy vcetné implantace trifokalnich stimulac-
nich systému.?

Vysledky SRL u déti a pacientti s VSV

Na rozdil od rozsahlych prospektivnich randomizova-
nych studii u dospélych pacientl s idiopatickou a ische-
mickou dilata¢ni kardiomyopatii potvrzujicich pozitivni
efekt SRL na mortalitu nebo riziko hospitalizace pro sr-
decni selhani?* neexistuji a nejspise ani nebudou existo-
vat u déti a pacientl s VSV zadné podobné prospektivni
randomizované studie. Dlvodem je maly pocet znacné
heterogennich pacientd a obecné proaktivni pfistup
k lé¢bé détskych pacientt s VSV. Eticky by bylo tézko
obhajitelné ¢ast pacientd nelécit.?> Publikovana data se
omezuji na observacni prace sledujici predevsim funkci
komor, mortalitu a komplikace SRL." Procento non-re-
spondérd na lécbu je u détskych pacientd nizsi nez u do-
spélych pacientl v klasickych indikacich SRL (11-23 %
vs. 30 % u dospélych). Vysvétlenim mdlze byt rozdilny
substrat k resynchronizaci. U dospélych pacientd je ¢asto
pfitomna ischemickad kardiomyopatie s infarktovou jiz-
vou hire odpovidajici na SRL.

SRL u détskych pacientl a pacientd s VSV je relativné
bezpecnd, s podobnou frekvenci komplikaci (10-29 %)
jako u dospélych pacientl s idiopatickou a ischemickou
dilata¢ni kardiomyopatii. Kardiovaskuldrni mortalita
u détskych pacientl dosahuje 5-8 % vs. 5-7 % u do-
spélych, a je tedy také srovnatelna.?® SRL podle nejvétsi
retrospektivni studie vykazuje u détskych pacientl cet-
nost akutnich komplikaci 9-19 %, nefunkénost implan-
tované elektrody a/nebo dislokace elektrody v 7-11 %
a umrti u 5-8 % pacient.?”-?® V dlouhodobé perspek-
tivé je SRL zatizena jak progresi zadkladniho srde¢niho
onemocnéni, tak i fadou technickych komplikaci sou-
visejicich se stimulacnim systémem. Pravdépodobnost
desetiletého preziti bez transplantace srdce je 75 %.?°
Procento uspésné lécenych pacientl s dobrou odpovédi
na lé¢bu a bez komplikaci klesa po deseti letech |é¢by
zhruba k 50 %.3°

Prilom v prikazu efektivity SRL u déti a pacientd s VSV
pfinesla v posledni dobé retrospektivni multicentricka
studie autort Chubb a spol., kterd jako prvni prokazala
u pacientl se SRL vyznamné lepsi prezivani bez nutnosti

transplantace srdce ve srovnani s kontrolni skupinou vy-
branou peclivé podle fady klinickych kritérii.?® Tato pra-
ce ukazuje také jako prvni pozitivni efekt SRL u pacientu
s EF systémové komory < 45 %. Nové také vime, Ze SRL
ma pozitivni vliv na systolickou funkci systémové komory,
i kdyz u pacientt neni zména ve funk¢ni tfidé NYHA (New
York Heart Association). Budouci studie by tedy mély mit
lépe definované cilové ukazatele.?

SRL u selhavajici systémové pravé komory

Se systémovou pravou komorou se bézné setkavdme
u vrozené korigované transpozice velkych tepen (CCTGA)
nebo d-transpozice velkych tepen (d-TGA) po predchozi
Mustardové nebo Senningové operaci. U téchto pacientt
se Casto vyskytuje symptomatické srdecni selhani. Ve véku
45 let je az 65 % pacient( se systémovou PK postizeno
symptomatickym srdec¢nim selhanim.?!

Prace zabyvajici se SRL u systémové PK neddvaji jed-
noznacné vysledky. V prvnim publikovaném souboru bylo
popsano vyznamné akutni i sttednédobé zlepseni funkce
pravé komory, jakoz i tfidy NYHA.32 Sakaguchi a spol. viak
posléze neprokazali, Zze kratkodobé zlepseni hemodyna-
mickych parametr( po zavedeni SRL u pacientl se systé-
movou PK predikuje dlouhodoby efekt SRL.*

Kharbanda a spol. v systematickém prehledu®' popisuji
ucinnost SRL u pacientl se systémovou PK se slibnymi vy-
sledky s nizkym poctem non-respondérua. Naprostd vétsina
pacientl se zlepsila v nékterém ze sledovanych paramet-
rd, jednotlivé studie nejcastéji hodnotily ejekcni frakci,
tfidu NYHA ¢i frakéni zménu plochy komory. V nedavno
publikované francouzské studii se prezivani pacientli bez
transplantace srdce, jakoZ i procento respondéru nelisilo
mezi pacienty se systémovou levou a pravou komorou.3
Mensi pfinos SRL u pacientut se systémovou PK mUze byt
zpusoben suboptimdlni geometrii PK a abnormalni me-
chanikou kontrakci v porovnani se systémovou levou ko-
morou. Dale také mensi perfuzni rezervou, kterd muze
vést k chronické subendokardidlni ischemii. Negativnim
prognostickym faktorem je pritomnost trikuspidalni re-
gurgitace. Prava komora také vyrazné hare snasi tlakové
pretizeni v porovndni s levou komorou. 3536

SRL u selhavajici spolecné komory

Navzdory vyznamnému zlepseni prezivani pacientu s jed-
nokomorovou cirkulaci (preziti po dokompletovani na
jednokomorovou cirkulaci pomoci totalniho kavopul-
monalniho spojeni je 92,9 % po 20 letech od operace),
zUstavaji tito pacienti vysoce rizikovou skupinou s ¢astou
srdec¢ni dysfunkci.® Pri¢ina dysfunkce je rdznoroda a kon-
vencni lé¢ba srdec¢niho selhani casto neni Uspésna. Maly
pocet retrospektivnich studii popisuje vysledky SRL u se-
Ihavajici spole¢né komory s nejednotnymi vysledky. 262833
Rlznorodd odpovéd na SRL pravdépodobné odrazi nejen
rozmanitost substratl u téchto pacientd, ale také celko-
vou patofyziologii jednokomorové cirkulace. Pro uUspés-
nou resynchronizaci zvétsené spole¢né komory muze
také byt zapotrebi stimulace z vice nez dvou stimula¢nich
mist.*
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SRL u selhavajici pulmonalni pravé komory

Jesté méné publikovanych udaju existuje o SRL pouzité
k terapii pfi selhani pravé pulmonalni komory, které je
vyznamnou pFi¢inou pozdni morbidity a mortality fady
pacientd s VSV. Priciny dysfunkce PK u VSV jsou chronické
tlakové a/nebo objemové pretizeni, jizva spojena s kar-
diochirurgickym zéakrokem nebo kombinace téchto fakto-
rd. Elektromechanickd dyssynchronie PK vznika iatrogen-
né prerusenim proximalniho nebo distalniho Tawarova
raménka pfi chirurgické korekci vady, typicky napf. Fallo-
tovy tetralogie. Nasledné vznikne dyssynchronie PK, kterd
vyznamnym zpusobem potencuje selhdni pravé komory.*
Jalal a spol. zkoumali aktivacni sekvenci pravé komory
elektroanatomickym mapovanim a pomoci magnetické
rezonance. U vétsiny pacientl byla nejpozdéji aktivovana
volna sténa PK. Prokazali téz, Ze Sife a morfologie kom-
plexu QRS na povrchovém EKG odrazi aktivaci pravé ko-
mory pouze ¢astecné. !

Vhodnymi kandidaty k SRL pravé pulmonalni komo-
ry jsou pacienti s vyfeSenymi hemodynamickymi rezidui,
jako je pulmonalni insuficience a s pretrvavajici dysfunkci
komory provadzenou snizenou funkéni zdatnosti a sym-
ptomatologii srde¢niho selhani minimalné ve tfidé NYHA
Il a Sifi komplexu QRS lisici se o +3 smérodatné odchyl-
ky od normy. Dosavadni malé studie ukdazaly, Ze SRL PK
aplikovana vétsinou jako se sinémi synchronni stimulace
volné stény PK ve fuzi s vlastni aktivaci z levého Tawarova
raménka vede jak k akutnimu, tak i chronickému zlepseni
hemodynamickych parametrd véetné zlepseni efektivity
kontrakce pravé komory.'>4? Resynchronizace PK muze
byt efektivni pfidatnou Ié¢ebnou metodou spolu s inter-
venénim odstranénim hemodynamickych rezidui, jako je
pulmonalni stenéza nebo pulmondlni regurgitace. Kar-
diovaskularni modelovani by v budoucnosti mohlo napo-
moci ve vybéru vhodnych kandidatd.*

Zaveér

SRL je u¢innym nastrojem pro |é¢bu srde¢niho selhani
u déti a pacientl s vrozenou srde¢ni vadou a vyznamnym
zpUsobem zlepSuje preziti pacientd a sniZzuje nutnost
transplantace. Kromé akutniho hemodynamického efek-
tu v pooperacnim obdobi ma tedy dobrou vyuZitelnost
v dlouhodobé lé¢bé déti a pacientt s VSV se srdecnim se-
Ihanim. V soucasné dobé jiz mame doporuceni pro indi-
kaci SRL u déti a pacientl s VSV. Nejednoznacné vysledky
SRL u nékterych anatomickych substrat odrazeji potrebu
dalSiho porozuméni vztahu mezi elektrickou a mechanic-
kou dyssynchronii. Nové ndstroje mohou pomoci lépe pre-
dikovat efektivitu Iécby (modelovani, myokardialni pra-
ce, vysokofrekvencni EKG). Diky velké rozmanitosti této
populace je a bude viak vzdy treba individualni pfistup,
véetné vytvoreni dlouhodobého l|é¢ebného planu pa-
cienta s cilem minimalizovat pocet intervenci (sdruzovani
vykonu do tzv. oken pfilezitosti) a potencidlnich kompli-
kaci. Obecné potfebné prospektivni multicentrické stu-
die jsou v této skupiné pacientl obtizné realizovatelné.
Vyznamnéjsi roli mohou hrat napr. prospektivni registry
nebo retrospektivni studie se spradvné vybranou kontrolni
skupinou bez SRL. Vzhledem k pokroku |é¢by VSV a pro-

dluZovani doby Zivota téchto pacientu Ize predpokladat,
Zze mnozstvi vhodnych kandidatd k SRL bude narustat.
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Fibrilace sini je ¢astou a vyznamnou poruchou srde¢niho rytmu u pacientl v pokrocilych stadiich chronic-
kého onemocnéni ledvin a v pravidelné dialyzacni 1é¢bé. Pacienti s fibrilaci sini jsou ve zvydeném riziku
kardioemboliza¢ni pfihody, véetné ischemické cévni mozkové piihody. V obecné populaci pacientt s fibrilaci
sini se stfednim a vyssim rizikem kardioemboliza¢ni cévni mozkové piihody je indikovana antikoagulacni
|é¢ba. U nemocnych v pravidelném dialyza¢nim Iéceni jsou indikace k antikoagulaéni 1é¢bé a jeji vedeni
komplikovany kvuli polymorbidité pacientd, renalnimu selhani a vlivu samotné dialyzy. Tito nemocni maji
vysoké riziko nejen ischemickych kardioembolizacnich piihod, ale také krvacivych komplikaci. U pacientl
v pravidelném dialyza¢nim programu mame k dispozici pouze limitovana data o Ucinnosti a bezpec¢nosti
antikoagula¢ni [é¢by. Rada latek je soucasné kontraindikovana. Tento dokument se snazi zhodnotit indika-
ce k antikoagulacni [écbé u pravidelné dialyzovanych nemocnych a popsat vyhody a nevyhody jednotlivych
farmakologickych a nefarmakologickych postupt k prevenci tromboembolickych komplikaci.

© 2026, CKS.

ABSTRACT

Atrial fibrillation is a frequent arrhythmia in patients with end-stage renal disease and on maintenance
dialysis treatment. In the general population, anticoagulation therapy is indicated in patients with arrhyth-
mia to prevent cardioembolic complications. In the case of end-stage kidney disease and hemodialysis, the
treatment is challenging due to the lack of data or contraindications of some anticoagulants. Patients with
advanced chronic kidney disease and patients on hemodialysis are at high risk not only for ischemic cardio-
embolic events but also for a higher incidence of bleeding complications. This paper aims to describe the
criteria for initiation of anticoagulant therapy and to review the advantages and disadvantages of individual
pharmacological and non-pharmacological therapies.
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88 Antikoagulacni |é¢ba u chronicky dialyzovanych pacienttd s FS

1 Uvod do problematiky

1.1 Definice populace a rozsah problému

Fibrilace sini (FS) je charakterizovana rychlou a nekoor-
dinovanou elektrickou a mechanickou aktivitou sifiovych
kardiomyocytU. FS je povaZzovana za nejcastéjsi setrvalou
arytmii s odhadovanou celosvétovou prevalenci 600 na
100 000 u muz{ a 370 na 100 000 u Zen, s vyznamnymi re-
giondInimi a etnickymi rozdily. Prevalence FS je vétSinou
uréena vékem, s vyskytem od 0,1 % u dospélych do 55 let
az do 9,0 % u osob starsich 80 let. Celkova prevalence FS
se muze vyznamné zvysit po dikladném screeningu s no-
vymi zafizenimi pro monitorovani rytmu.'

Hlavnim nebezpedim pfitomné FS je riziko ischemic-
kych — emboliza¢nich cévnich mozkovych pfihod (CMP),
déle je spojovana i se zvysenou umrtnosti, zejména v di-
sledku zvySeného rizika CMP a zhorseni srde¢niho selhani.
V posledni dobé je FS také spojovana se zvysenym rizikem
kognitivniho poskozeni a demence.?

FS je u pacientl s pokrocilou fazi chronického onemoc-
néni ledvin (CKD) a u pacientd v pravidelném dialyzac-
nim [éceni (PDL) pomérné béznou komplikaci, protoze
pacienti s CKD maji vyssi riziko FS a recipro¢né pacienti
s FS jsou nachyInéjsi k rozvoji CKD. FS je také spojena s vy-
znamnym zvySenim mortality pacientt s CKD.2

Odhady prevalence FS u pacientd s CKD se li$i podle
studijnich kohort. Napfiklad USRDS uvadi prevalenci 21 %
u pacientu lécenych hemodialyzou (HD) a 16 % u pacien-
td lécenych peritonealni dialyzou. Pouziti novych zafizeni
pro monitorovani rytmu pocet pacientl s FS jesté zvysuje:
ve studii pacientd na HD s implantovanymi smyckovymi
zdznamniky mélo 31 % de novo detekci epizod FS trvaji-
cich > 6 minut béhem 3Sestimési¢niho sledovani.?

Bé&Znym terapeutickym postupem je zavedeni chro-
nické antikoagulacni lécby. U pacientl v PDL je ale opti-
malni antikoagulacni strategie kontroverzni. U pacientU
se zachovanou nebo mirné az stfedné tézce poskozenou
funkci ledvin (tj. odhadovanou glomeruldrni filtraci —
eGFR > 0,5 ml/s/1,73 m?) snizuje perordlni antikoagula¢ni
[écba (OACQ) riziko CMP a systémové embolie.* Z divodu
nedostatku diikazd z mediny zalozené na dikazech (evi-
dence-based medicine) viak neni jasné, zda pacienti s FS
a pokrocilejsim stupném CKD (tj. eGFR < 0,5 ml/s/1,73 m?),
véetné téch, ktefi jsou jiz v PDL, profituji z OAC.> Dopo-
ruceni vydana k OAC u této populace proto vyjadtuji
vyznamnou nejistotu ohledné jeji role. Navic, pokud je
zahdjena lé¢ba OAC u pacientl v PDL, vibec neni jasné,
které z antikoagulancii pouzit. V minulosti se tradi¢né
volili antagonisté vitaminu K (VKA), maji vSak nésledu-
jici zndma rizika a nedostatky: i/ problémy s udrzovanim
hladiny mezindrodniho normalizovaného poméru (INR)
v terapeutickém rozmezi; ii/ obavy z urychleni progrese
vaskuldrnich kalcifikaci; iii/ konec¢né i zvysené riziko kr-
vaceni. Pokud jde o pfimd peroralni antikoagulancia
(DOAQ), jsou sice dialyzovanym pacientlm s FS stale cas-
téji pfedepisovana, ale mira zabranéni embolickym pfiho-
dadm u této populace také neni jasna. DOAC navic vykazu-
ji variabilitu v jejich eliminaci ledvinami, coz mUze zvysit
riziko krvaceni u téchto latek.® Primarné vysoké zakladni
riziko krvaceni u pacientt v PDL” a nejasny pfinos viech
forem OAC vede k situaci, Ze béZné dochazi k nezahajeni
antikoagula¢ni 1é¢by.

1.2 Vyskyt a vyznam fibrilace sini u nemocnych
v pravidelném dialyzacnim léceni

1.2.1 Odlisnosti fibrilace sini u hemodialyzovanych
nemocnych oproti zvyklé populaci pacientt s fibrilaci sini
Rizikové faktory pro vyskyt FS u pacient v PDL jsou po-
dobné jako u non-CKD pacientd, i kdyz jistou roli hraji
faktory pfimo spojené s pokrocilym stadiem CKD a rovnéz
s efekty samotného dialyza¢niho vykonu. Jeden z nejvy-
znamnéjsich rizikovych faktoru predstavuje vék, dalSimi
Casto sdilenymi rizikovymi faktory jsou hypertenze, obe-
zita a diabetes mellitus, které vsechny reprezentuji ros-
touci globalni zdravotni zatéz.®

Mechanismy spojené s pokrocilym CKD, které se podi-
leji na rozvoji FS, zahrnuji oxidac¢ni stres, chronicky zanét,
zvy$enou produkci transformujiciho rastového fakto-
ru B1 (TGFB,), hyperaktivaci systému renin-angiotenzin
a zménény metabolismus minerald a kosti spojeny s CKD,
z nichz vétdina v kone¢ném dusledku hraje roli v rozvoji
fibrézy myokardu.

Role mineralnich a kostnich abnormalit u CKD je sta-
le vice akcentovana. Hodnoty fibroblastového rustového
faktoru 23 (FGF-23), cirkulujiciho peptidu produkovaného
osteoblasty a osteocyty, ktery je klicovy pro kontrolu séro-
vych fosfatd, se od ¢asnych stadii CKD zvy3uji. Tento cytokin
aktivuje intracelularni signalizaci vedouci k hypertrofii levé
komory srdecni. Pfedpoklddanym zacarovanym kruhem je
hypertrofie vedouci k diastolické dysfunkci, zvyseni plniciho
tlaku levé komory a poté k napéti levé komory s fibrézou
a dilataci, coz vytvari podminky pro FS. Je prokazano, ze
koncentrace FGF-23 silné a nezavisle souvisi se zvy$enym ri-
zikem vyskytu FS. Tato situace je podobnd srde¢nimu selhdni
se zachovanou ejek¢ni frakci, které je zdaleka nejcastéjsim
fenotypem srdecniho selhani u pacient v PDL.°

Samotna dialyzacni procedura je spojena s velkymi
objemovymi zménami tekutin, coz mUze také hrat vy-
znamnou roli pfi spousténi sifovych arytmii. Ve studii
dialyzovanych pacientl s implantovanymi kardioverte-
ry-defibrilatory schopnymi kontinualniho monitorovani
rytmu byl vyskyt FS analyzovan v ¢asovém vztahu k HD vy-
konu. Ze vsech epizod FS, ke kterym doslo v den HD, se
8 % vyskytlo pred dialyzou, 48 % béhem dialyzy a 43 %
po dialyze. FS se také castéji vyskytovala pfi HD s vyssi ul-
trafiltraci a s nizsimi koncentracemi drasliku v dialyzatu
¢ili ve vztahu k vysSim presuntm kalia mezi dialyzatem
a plazmou. HD vyznamné pfispiva ke zménam v sérovych
elektrolytech: koncentrace drasliku v séru se béhem HD
méni pramérné o 1,2 mmol/l a 40 % pacientd vyvine hy-
pokalemii bezprostfedné po HD; vyznamny pokles po
HD byl také pozorovén u koncentraci hor¢iku a fosfatu.
Hypokalemie pfed dialyzou a nizsi koncentrace drasliku
v dialyzatu (pod 2,0 mmol/l) jsou asociovany nezavisle s ri-
zikem FS."

1.2.2 Riziko cévni mozkové prihody u pacientt

v pravidelném dialyzacnim programu s pfitomnou
fibrilaci sini

Existuje nékolik davodu, pro¢ maji pacienti s pokrocilym
stadiem CKD vyssi riziko CMP, jak ischemickych (které
prevazuji), tak i hemoragickych. Podil hemoragickych vs.
ischemickych CMP je vSak u HD pacientl vyssi ve srovnani
s béZnou populaci.®?
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Obr. 1 - Dialysis Risk Score. Dialysis Risk Score pfifazuje body faktoriim, které byly vyznamné spojeny s naslednou cévni mozkovou piiho-
dou (pfedchozi ischemicka cévni mozkova pfihoda, diabetes a vyssi vék) ve studii Dialysis Outcomes and Practice Patterns Study (DOPPS)."
Zvysené riziko krvaceni u pacientti na HD je zohlednéno zahrnutim anamnézy gastrointestinalniho krvaceni béhem predchoziho roku, pro-
toze to predikuje nasledné krvaceni.” Nejvétsi vaha je pfikladana anamnéze tranzitorni ischemické ataky nebo ischemické CMP. Dialysis Risk
Score je pokusem omezit OAC na pacienty na HD s pfiznivym pomérem pfinosu a rizika, avSak dosud nebylo v této populaci validovano.

CMP - cévni mozkova pfihoda; FS - fibrilace sini; HD — hemodialyza; LAAC - uzavér ouska levé siné; OAC - peroralni antikoagulacni 1écba;

TIA - tranzitorni ischemicka ataka; VKA - antagonisté vitaminu K.

Z hlediska patofyziologie je zvy3ené riziko ischemic-
ké CMP pfi celkové zvysené trombogenezi, kterd se tyka
primarni i sekundarni hemostazy. Zda se, Ze roli hraje
nékolik faktoru: aktivace a interakce trombocytu, jejich
poruseny transkriptom a sekretom, mikrocastice vzniklé
z krevnich desticek a endotelidlni dysfunkce, pficemz vét-
$ina téchto efektl je navozena pfitomnosti uremickych
toxind. Roli hraje i vy3si zatéz ateroskler6zou u pacient(
s CKD, v¢etné postizeni karotického fecisté. Vsechny vyse
uvedené faktory méni reaktivitu mozkovych cév a funk-
ci hematoencefalické bariéry, ¢imz je mozek nachylné;si
k ischemii, a sekundarné se zhorsuje i ischemické posko-
zeni mozku pfi CMP.

Zvysené riziko hemoragické CMP je primarné zpUlsobe-
no dysfunkci krevnich desticek, dale hraje roli i pfitom-
nost arteridlni hypertenze, ktera je pfitomna u vétsiny
PDL pacientd a casto je volumdependentni, tedy vyse
krevniho tlaku se odviji v zavislosti na mezidialyzacnich
prirastcich pacienta. | proto je arteridlni hypertenze dia-
lyzovanych pacient( ¢asto obtizné kontrolovana a maze
byt rezistentni na farmakoterapii. Arteridlni hypertenze
je hlavnim rizikovym faktorem hemoragické CMP v obec-
né populaci i populaci pacientti na HD."

Vsechny tyto patofyziologické okolnosti maji vyznam-
né klinické dusledky a vedou ke zvysenému vyskytu CMP
u pacientd s vy$simi stadii CKD. Metaanalyza kohorto-
vych studii zamérenych na riziko CMP ve vztahu k funkci
ledvin, kterd zahrnovala vice nez dva miliony pacientd,
zjistila, ze vyskyt CMP se zvySuje o 7 % na kazdych 0,17
ml/s/1,73 m? snizeni eGFR."™ U pacientd na HD byl vyskyt
CMP 3-10x vyssi nez v obecné populaci. HD Ié¢ba byla
také spojena s horsi prognézou, delsi hospitalizaci, hor-

sim funk¢nim stavem a horsi odpovédi na rehabilitaci po
CMP. Soucasné studie potvrdila vy3si riziko hemoragické
transformace ischemické CMP a nedostate¢né vyuzivani
terapii zaloZzenych na evidence-based medicine u pacien-
ta s akutni CMP."

2 Rizikova stratifikace pacienta
v hemodialyza¢nim programu

Vztah mezi FS a cévni mozkovou pfihodou neni u pacien-
ta v HD programu jednoznacny. PrestoZe nékolik studii
(nikoliv v8ak viechny) oznacuji FS za rizikovy faktor ische-
mické CMP i u pacientl Ié¢enych HD, zGstava nejasné, do
jaké miry je FS kauzalni pfi¢inou kardioemboliza¢nich pfi-
hod, a do jaké miry spiSe markerem kardiovaskularniho
onemocnéni. Nedavna systematickd metaanalyza ukaza-
la, Ze zatimco ischemickd CMP je sice nejcastéjSim typem
CMP u pacientl s CKD, s horsi funkci ledvin stoupa vyskyt
hemoragickych pfihod natolik, Ze u dialyzovanych pa-
cientl se jeji incidence blizi incidenci ischemickych CMP.1®
Dokonce i u pacientt v PDL, ktefi neuzivaji antiagregacni
léky ani OAC, je riziko krvaceni vyZzadujiciho hospitalizaci
vysoké.!”

Rozhodnuti o pouziti OAC u FS se tedy opird o srovnani
relativniho rizika tromboembolické pfihody bez terapie
proti riziku hemoragické pfihody pfi terapii. Obecné je
k identifikaci pacientl s FS, ktefi budou mit z OAC pfinos,
doporuceno pouzivat skore CHA DS,-VA.* Komponenty
skore CHA,DS.-VA jsou ale u pacientl s FS v PDL natolik
Casté, Ze naprosta vétsina z nich by méla byt indikovana
k lécbé OAC.
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Obr. 2 - Koagula¢ni kaskada a mechanismus ucinku jednotlivych antikoagulancii. LMWH - nizkomolekularni hepariny; TF - tkanovy faktor;

VKA - antagonisté vitaminu K.

Ve snaze vymezit subpopulaci HD pacientl s vysokym
rizikem tromboembolickych pfihod, u nichZ by riziko em-
bolie prevazilo riziko krvaceni, bylo vyvinuto Dialysis Risk
Score’® (obr. 1). Specifickym rizikovym faktorem pro ische-
mické CMP je také obdobi okolo zahajeni HD lécby, které
zacind tfi mésice pred samotnym zahajenim, je nejvyssi
béhem mésice zahdjeni a poté postupné klesa.” Byly na-
vrzeny i jiné pFistupy k predikci rizika krvaceni u dialyzo-
vanych pacient(, v¢etné tzv. skére BLEED-HD. Je ale tre-
ba zdlraznit, Ze BLEED-HD se nezaméruje specificky na
pacienty s FS a poskytuje pouze absolutni odhady rizika
krvaceni u jednotlivych skupin pacientt na dialyze.

Mezi dalsi faktory, ke kterym lze potencidlné prihléd-
nout pFi rozhodovani o zahdjeni antikoagula¢ni 1écby, je
Cetnost a délka trvani epizod FS (tzv. AF burden), proto-
Ze béhem dialyzy je casty vyskyt spontdnné terminujicich
epizod FS. Tyto epizody vznikaji v disledku presunu te-
kutin a elektrolytt a pacient je obvykle pfi nich hepari-
nizovan. Nedavno publikované dvé intervencni studie se
zaméFily na pacienty s tzv. subklinickou FS (definovanou
jako epizody FS zjisténé pouze z paméti implantabilnich
pfistroju; prmérna doba trvani epizod ~3 hodiny). V na-
sledné metaanalyze? bylo ukazano, ze l1é¢ba OAC umoz-
fuje sice mirné snizeni rizika CMP a systémové embolie
- oviem za cenu zvyseného vyskytu krvaceni. Navic zvyse-
né riziko krvaceni se objevuje ¢asné, zatimco preventivni
efekt proti CMP se projevi az postupné v Case. Protoze
délka Zivota pacientl na dialyze s FS je vyrazné nizsi nez
u nedialyzovanych ucastnika studii, podporuje tato me-
taanalyza zdrZenlivost zahajovat OAC u dialyzovanych
pacientu s kratkymi, spontdnné terminujicimi epizodami.
Na druhou stranu, i kdyz maze byt k charakteru epizod FS

prihlédnuto, pred zaclenénim tohoto faktoru do béznych
klinickych postupt bude zapotfebi vice dukaza.

3 Moznosti prevence tromboembolickych
komplikaci u pacientu s fibrilaci sini

3.1 Obecné postupy

Pokud u pacienta v predialyzaé¢ni fazi ¢i v PDL na zakla-
dé predchozi kapitoly indikujeme antikoagula¢ni 1é¢bu,
mame k dispozici nasledujici farmakologické ¢i nefarma-
kologické postupy. Vyhody a nevyhody jednotlivych po-
stupU jsou shrnuty v tabulce 1. Mechanismus ucinku jed-
notlivych molekul je pfehledné zobrazen na obrazku 2.

3.1.1 Warfarin
Warfarin je nejdéle uzivanym peroralnim antikoagulanci-
em a jedinym zastupcem VKA u nas. Ackoliv je warfarin
metabolizovan prevdzné cytochromem P450 v jatrech, je
nutné u pacientl s CKD snizit davku (o ~10 % pfi eGFR
0,5-1,0 ml/s/1,73 m2a o ~20 % pfi eGFR < 0,5 ml/s/1,73 m?).
Porucha renalnich funkci nepfimo ovliviiuje jeho farma-
kokinetiku (zmény distribuce, vazbu na bilkoviny a jater-
ni metabolismus), zvySuje se tak riziko castéjsiho vyskytu
INR mimo terapeutické rozmezi i antikoagulanciem indu-
kované nefropatie — ARN (dfive uzivany termin warfari-
nem indukovana nefropatie). ARN je spojena s rizikem
krvaceni do glomeruld a tvorbou erytrocytarnich valct
i s rizikem mortality.

U pacientl s FS a pokrocilym CKD (vcetné stadia G5
a HD) zlstava dle doporuceni ESC 2024 warfarin (INR
2,0-3,0) jedinym perordlnim antikoagulanciem, a to jen
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u peclivé vybranych nemocnych po zhodnoceni trombo-
embolického a krvacivého rizika.* Nicméné metaanalyza
15 studii zahrnujicich celkem 47 480 pacienttd s termindlni
fazi CKD (end-stage kidney disease, ESKD) neprokazala,
ze by warfarin u pacientd s ESKD sniZoval riziko ische-
mické CMP, naopak vyznamné zvySoval riziko hemora-
gické CMP. Na mortalitu v této metaanalyze warfarin
vliv nemél.?" V klinické praxi je navic pouZiti warfarinu
u nemocnych s ESKD dale limitovano nepfiznivym vlivem
na kalcium-fosfatovy metabolismus, nebot inhibuje kar-
boxylaci matrix GLA-proteinu, ¢imz podporuje cévni kal-
cifikace a vznik kalcifylaxe, zejména pfi hyperfosfatemii
a hyperparatyreéze, coz mlze znemoznit i zafazeni do
transplantacniho programu. Pfesto zGstava warfarin jedi-
nym perordlnim antikoagulanciem, které neni dle souhr-
nu udaju o pfipravku (SmPC) nedoporucovano/kontrain-
dikovano u ESKD, a ma své misto u specifickych indikaci
(mechanické chlopné, stredné/tézka mitralni stendza, an-
tifosfolipidovy syndrom s vysokym rizikem trombézy).

3.1.2 Dabigatran-etexilat

Dabigatran-etexildt je pfimy inhibitor trombinu. Podle
SmPC je dabigatran kontraindikovan pfi clearance krea-
tininu < 0,5 ml/s (CKD G4 a vyssi), pficemz riziko kumula-
ce stoupd s poklesem renalni funkce (odpovidajici eGFR
< 0,83 ml/s/1,73 m?), vy3sim vékem, nizkou télesnou hmot-
nosti a pfi sou¢asném poddni inhibitort P-glykoproteinu,
napfiklad verapamilu nebo clarithromycinu. U pacientt
s preexistujicim CKD je zaroveri nutné brat v tvahu riziko
ARN, pficemz u dabigatranu je toto riziko relativné vyssi
v zavislosti na renalnich funkcich, coz podtrhuje vyznam
monitorovani funkce ledvin pfi pouziti dabigatranu. Rizi-
kovym faktorem pro vznik ARN pfi uzivani dabigatranu je
IgA nefropatie. Z téchto divodU neni dabigatran prefe-
rovanym DOAC u pacient s CKD obecné. Specifické anti-
dotum dabigatranu - idarucizumab ma farmakokinetiku
rovnéz zdavislou na rendlni funkci.

3.1.3 Apixaban

Apixaban je pfimy inhibitor aktivovaného faktoru Xa
a pro velmi nizkou renalni a dialyza¢ni clearance se zda
teoreticky idealni z palety non-vitamin K antikoagulancii
u pacientll s ESKD. BEhem HD se odstrani jen minimalni
mnozstvi léc¢iva a hemodiafiltrace (HDF) apixaban neod-
stranuje. BEhem ¢tyfhodinové dialyzy jsou napf. elimino-
vana jen 4 % léciva.

Jeho farmakokinetické vlastnosti byly dlvodem, proc
jej americky Ufad pro kontrolu potravin a lé¢iv (Food and
Drug Administration, FDA) schvalil k pouziti u HD pa-
cientl, coZ bylo kupodivu jen na zakladé farmakokine-
tické studie s pouhymi sedmi pacienty.?? Dle této studie
pfi davce 2x 2,5 mg byly plazmatické koncentrace podob-
né jako u pacientl se zachovanou funkci ledvin s davko-
vanim 2x 5 mg. Vzhledem k vyrazné rozdilnému riziku
krvaceni mezi pacienty bez a s CKD nemohou v3ak tato
farmakokinetickd data predstavovat doporuceni k [écbé
apixabanem u pacientl lécenych HD.

Stejné jako pro warfarin ¢i jind DOAC neexistuji data
z randomizovanych studii, kterd by je porovnavala s pla-
cebem. Dvé randomizované studie porovnavajici apixa-
ban s warfarinem byly nanestésti predcasné ukonceny.
V prvni z nich, studii RENAL-AF, byl porovnavan apixaban

s warfarinem u 154 pacientl s FS na HD (plan bylo za-
fadit 762 pacientt).” Redukovana davka 2x 2,5 mg byla
pouzita u pacientd s hmotnosti pod 60 kg ¢i starSich 80
let (29 % pacientl). Primarni cilovy ukazatel, vyskyt kli-
nicky vyznamného krvaceni, se objevil béhem jednoho
roku u 32 % pacientdl na apixabanu a u 26 % na war-
farinu, i kdyz pfiblizné 65 % vsech krvaceni predstavo-
valo krvaceni z cévniho pfistupu po HD. Vyskyt CMP byl
srovnatelny v obou skupinach (3,0 % vs. 3,3 % rocné).
Dulezitou soucasti byla farmakokinetickd podstudie. Dle
ni byly plazmatické koncentrace léku (stanované jako
12hodinové expozice AUC) u HD pacientd podobné jako
plazmatické koncentrace apixabanu u pacientd s clearan-
ce kreatininu 15-59 ml/min (0,25-0,99 ml/s) z predchozich
apixabanovych studii, ale signifikantné vyssi nez koncen-
trace lécCiva u pacientl s clearance kreatininu > 90 ml/min
(> 1,5 ml/s). Zajimavé bylo, Ze nebyla nalezena vazba mezi
plazmatickou koncentraci apixabanu a vyskytem cilového
ukazatele vyznamného krvaceni.

Podobné byl apixaban (jen v ddvce 2x 2,5 mg) s war-
farinem porovnavan ve studii AXADIA-AFNET 8, do které
bylo zafazeno 97 pacientU (s plivodnim planem 222 paci-
entl). Primarni cilovy ukazatel slozeny z vyznamného kr-
vaceni a umrti se vyskytl v prepoctu na 100 pacientoroku
u 36,1 pacientli na apixabanu a 36,6 pacientl na warfari-
nu.?* Z tohoto poctu ovsem necelou polovinu tvofila umr-
ti (14,8 vs. 17,6). Slozeny primarni ,tromboticky” cilovy
ukazatel (kombinace CMP, systémova embolizace, infarkt
myokardu, umrti, tromboembolickd nemoc) se vyskytl
v prepoctu na 100 pacientorokd u 16,4 vs. 22,0 pacientt
(p = 0,51). Studie tak spiSe potvrdila vysokou ro¢ni mor-
talitu HD pacientl a velké riziko krvaceni, a pro maly po-
Cet pacientl ani nemohla nalézt rozdily v jejich incidenci
mezi danymi antikoagulancii.

V metaanalyze 16 nerandomizovanych observacnich
studii s vice nez 75 000 pacienty s FS?* lé¢enych v PDL
(z nichZz 1 317 bylo IéCeno apixabanem) nebyla lécba api-
xabanem ve srovndni s pacienty bez jakékoliv antikoa-
gulacni 1écby spojena s redukci rizika CMP ¢i systémové
embolizace. Apixaban podavany v davce 2x 5 mg byl viak
spojen s redukci celkové mortality, a to jak ve srovnani
s pacienty bez antikoagula¢ni |é¢by (pomér rizik [HR] 0,61
[95% interval spolehlivosti [CI] 0,41-0,90]), tak ve srov-
nani s pacienty lé¢enymi warfarinem (HR 0,65 [95% ClI
0,45-0,93]). Apixaban byl jednoznacné nejbezpecnéjsich
ze véech OAC ve vyskytu vyznamného krvaceni, a to jak
ve srovnani s warfarinem, tak dabigatranem ¢i rivaroxa-
banem (apixaban v dévce 2x 5 mg vs. warfarin: HR 0,71
[95% CI 0,53-0,93]).

Pfes absenci dat z randomizovanych dostate¢né silnych
studii se v observacnich studiich apixaban v davce 2x 2,5
je spojen s nizsim rizikem vyznamného krvaceni a podob-
nym rizikem CMP ve srovnani s warfarinem.

3.1.4 Rivaroxaban
Rivaroxaban je dalsi ze skupiny pfimych inhibitord aktivo-
vaného faktoru Xa. Podobné jako apixaban ma jen méné
vyznamnou rendlni clearance (36 %) a jen minimum (1 %)
je odstranéno hemodialyzou.

Studie Valkyrie porovndvala warfarin s rivaroxabanem
v plsobeni na progresi vaskularnich kalcifikaci.?¢ V této
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studii byli pacienti randomizovani do tfi vétvi, s |é¢bou
warfarinem, rivaroxabanem 10 mg/den a rivaroxabanem
10 mg/den v kombinaci s vitaminem K. Mezi reZimy OAC
nebyl patrny rozdil v kalciovém skére velkych tepen, stu-
die ale dale pokracovala v klinickém sledovani 132 pa-
cientl po dobu 1,9 roku. Primarni cilovy ukazatel tvofila
kombinace umrti z kardiovaskularnich (KV) pfic¢in s nefa-
talnimi KV pfihodami (CMP, infarkt myokardu a dalsi kar-
diovaskularni pfihody) a byl pfitomen vyznamné méné
v rivaroxabanovych vétvich neZz ve warfarinové (63,8 %
pacienttd ro¢né na warfarinu vs. 26,2 % na rivaroxaba-
nu a 21,4 % na kombinaci rivaroxaban + vitamin K).
CMP se v celé kohorté vyskytla u 4,7 % rocné, z cehoz
v 0,7 % pripadl se jednalo o hemoragickou pfihodu. Kli-
nicky vyznamné krvaceni se v celé kohorté ro¢né objevilo
u 18,2 % pacientld s jednoznacné nejvyssim rizikem u pa-
cientl lécenych warfarinem. Mezi vétvemi byl vyznamny
rozdil v incidenci zivot ohrozujiciho ¢i vyznamného krvé-
ceni ve prospéch rivaroxabanu ve srovnani s warfarinem
(HR 0,44, 95% Cl 0,23-0,85) a krvaceni nebylo predikova-
telné pomoci skére HAS-BLED.?

Ve vyse uvedené metaanalyze studii pacientt s FS na
dlouhodobé HD lécbé byl rivaroxaban spojen s vy$sim rizi-
kem krvaceni nez apixaban v davkach 2x 2,5 mg (HR 1,92,
[1,25-2,94]) i 5 mg (HR 1,92 [1,25-3,0]). Je nutno ovsem
pfiznat, Ze v dané metaanalyze bylo jen malo pacient(
Ié¢enych rivaroxabanem.

3.1.5 Nizkomolekularni hepariny

a nefrakcionovany heparin

Nefrakcionovany heparin (UFH) se v chronické terapii
FS nepouziva. Z palety nizkomolekularnich heparint
(LMWH) jsou pak v CR registrovany enoxaparin, nadro-
parin, bemiparin, které dle svych SmPC postradaji spe-
cifickou indikaci pro FS. Pro antikoagulaci pfi HDF i HD
(s cilem zabranit srazeni krve v mimotélnim okruhu) dnes
vykazuji LMWH lep3i data o uc¢innosti a bezpecnosti opro-
ti UFH.

Zatimco farmakokinetika UFH je pfi CKD ovlivnéna jen
minimalné, u vétsSiny LMWH, zejména enoxaparinu, jsou
zmény ve stadiich CKD G3b-5 klinicky vyznamné. Ackoliv
renalni eliminace LMWH v aktivni formé ¢ini pouze 10 %,
jednd se o léciva s uzkym terapeutickym indexem. Pra-
vé u enoxaparinu mame k dispozici nejrobustné;jsi data
o farmakokinetice a Upravach davek pfi pokrocilé CKD.
Pri standardnim davkovani enoxaparinu (1 mg/kg a 12 h)
u pacientt se stadii CKD G4-5 bylo prokdzano vyznamné
zvyseni aktivity anti-Xa a vyssi vyskyt zavazného krvaceni,
a to bez prokazatelného snizeni ischemickych pfihod.
U pacientd s ESKD vykazoval enoxaparin pfi stejnych
hodnotéach anti-Xa aktivity nepfedvidatelny ucinek, a na
monitoraci Urovné antikoagulace této podskupiny je tak
nékdy doporucovan tzv. trombin generacni ¢as.

Se znalosti limitaci warfarinu je u HD pacient( histo-
ricky napfi¢ pracovisti rozsifené podavani LMWH u FS ve
schématu aplikace lé¢iva ve dnech dialyzy do mimotélni-
ho obéhu, kombinované se subkutanni aplikaci jedné (vy-
jimecné dvou) davek mimo dialyza¢ni dny. Tento postup
vsak nebere v potaz eliminaci farmaka dnes Siroce uziva-
nou high-flux HDF namisto HD, a navic postrada eviden-
Ci o své ucinnosti a bezpecnosti. High-flux HDF vede ke
statisticky signifikantné nizsi post-dialyza¢ni aktivité anti-

-Xa (0,21 £ 0,02 U/ml) oproti high-flux HD (0,26 + 0,02 U/
ml), coz svédci o vyssich ztratdch enoxaparinu béhem HDF
a mlze oduvodnovat Upravu jeho davkovani podle typu
dialyzacni techniky. MUze se tak jednat pouze o zatéz pro
pacienta ¢i pecujici osoby aplikaci injekci, navic s rizikem
vzniku podkoznich hematom a koznich induraci.

3.1.6 Fondaparinux

Fondaparinux je synteticky sulfatovany pentasacharid
s vysokou specifickou aktivitou proti faktoru Xa (Xa :
trombin = 300 : 1) a minimalnim U¢inkem na trombin, ne-
ovliviiuje desticky, coz je vyhodné u pacientl s heparinem
indukovanou trombocytopenii (HIT). Dle SmPC je kontra-
indikovadn pfi clearance kreatininu < 0,33 ml/s a nema
schvalenou indikaci pro prevenci tromboembolismu u FS,
takZe jeho pouziti u HD pacientUl (pfedevsim s HIT) vychazi
vyhradné z klinickych zkusenosti a mensich observacnich
studii. Fondaparinux je pfevazné rendlné eliminovan (64—
77 %), pricemz u pokrocilého CKD se eliminacni polocas
prodluzuje az na 72 hodin, coz zvysuje riziko kumulace.
Fondaparinux nema specifické antidotum; jako moznost
Ize uvést podani rekombinantniho faktoru Vila, avsak kli-
nicka data jsou omezena. Fondaparinux naopak muze byt
efektivné pouzit k udrzeni prichodnosti hemodialyzacni-
ho okruhu a kontinudlni antikoagulaci mezi dialyzami.?

3.1.7 Kyselina acetylsalicylova a inhibitory

P2Y - thienopyridiny (clopidogrel, prasugrel)

a non-thienopyridiny (ticagrelor)

Na zékladé dostupnych dukazl antiagregacni Iécba neni
vhodnou alternativou k OAC u pacientd s FS a neméla
by byt pouzivana k prevenci CMP. Kombinace OAC s an-
tiagregac¢nimi léky, zejména kyselinou acetylsalicylovou
(ASA), by méla byt vyhrazena jen pro pacienty s akut-
nim vaskuldrnim onemocnénim (napf. akutni koronarni
syndromy) a jeji rutinni pouziti u FS neni oddvodnéné,
protoze zvysuje riziko krvaceni bez prokazaného pfinosu
v prevenci ischemické CMP nebo mortality.

Dostupnd data jednoznacné potvrzuji, Ze antiagregac-
ni 1é¢ba nema misto v 1écbé FS u pacientd v hemodialy-
zacnim programu, a pokud nelze pouzit antikoagulaci,
neni vhodné antiagregaci povazovat za nahradni reseni.

3.1.8 Antitrombotickd lé¢ba u pacientt s akutnimi
koronarnimi syndromy / perkutanni koronarni intervenci
a fibrilaci sini na dialyze

Antitromboticka lécba u pacientd s akutnim koronarnim
syndromem (AKS) je indikovéna jednak z divodu proag-
regacniho stavu, se kterym je AKS spojen a ktery po AKS
jesté pretrvavd, a dédle diky provedeni perkutdnni koro-
narniintervence (PCl) simplantaci stentu, kterym jsou AKS
dnes vétsinové feSeny. Nepodani dudlni protidestickové
[écby (DAPT) po PCl implantaci stentu je spojeno s rizikem
trombdzy stentu, jejimz nasledkem je reinfarkt provaze-
ny nezfidka zdvaznymi komplikacemi v¢etné rizika nahlé
srdecni smrti. Doba uzivani DAPT, popfipadé triple tera-
pie (DAPT a antikoagulancia) je po koronarni intervenci
ur¢ena poméry rizik krvaceni a in-stent trombdzy. Tato
rizika odrazeji pritomnost komorbidit a typ provedené
intervence. Nové generace lékovych stentd, popfipadé
aplikace balonkd potazenych lé¢ivem mohou byt spojeny
s nutnosti kratsi doby DAPT. Délku a formu DAPT nebo
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triple terapie by mél primarné urdit intervencni kardio-
log. DAPT spociva v kombinaci ASA s antagonistou ade-
nosin difosfatu - inhibitory P2Y,, (P2Y .i). V minulosti
se z této skupiny Iékl jednalo o clopidogrel, v soucasné
dobé je vytlacovan ticagrelorem ¢i prasugrelem, pro které
byla prokdzana vyssi efektivita ve srovndani s clopidogre-
lem. Bohuzel jak ticagrelor, tak prasugrel maji ve srovnani
s clopidogrelem taktéz vyssi riziko krvaceni. Doporucend
délka DAPT je standardné 12 mésict. Po tomto obdobi
se DAPT redukuje na protidestickovou monoterapii, kdy
muzZe byt poddvana samostatné ASA nebo clopidogrel.

Ale i u pacientd mimo HD, ktefi jsou ve vyssim riziku
krvaceni, se délka poddvani DAPT po AKS zkracuje na 3-6
mésicd. Jako nepodkrocitelnd minimdlni doba DAPT po
AKS Feseném intervenci s implantaci stentu je povazova-
no obdobi jednoho mésice, po kterém je mozno deeska-
lovat DAPT na protidestickovou monoterapii. U pacientt
s FS mimo HD je dnes standardem podavani tzv. triple jen
v bezprostfednim obdobi po PCl (napf. jeden tyden), po
kterém se terapie redukuje na kombinaci antikoagula¢ni
lécby s P2Y i — clopidogrelem.

Pacienti s FS a AKS v PDL maji vyrazné zvysené riziko
jak trombotickych, tak krvacivych komplikaci. Volba anti-
trombotické Iécby musi byt individualizovana s cilem ma-
ximalizovat prevenci ischemickych pfihod a minimalizovat
riziko krvaceni. Management vyZzaduje individualizovany
pfistup, jenz zohledriuje trombotické a krvacivé riziko.
Spolecné s pacienty mimo HD zUstava DAPT po AKS.

B Kyselina acetylsalicylova

ASA zUstadva zakladnim lékem u AKS. Metaanalyza An-
tithrombotic Trialists’ Collaboration (287 randomizova-
nych studii, v€etné pacientl lé¢enych HD) prokazala sni-
Zeni rizika zavaznych cévnich pfihod o 41 %.3 Data z UK
Heart and Renal Protection Study a Dialysis Outcomes
and Practice Patterns Study podporuji bezpecnost ASA
u HD pacientd.?' Davka ASA se u HD pacientld neupra-
vuje.

B Clopidogrel, ticagrelor, prasugrel
Clopidogrel je preferovany u pacientd na HD, pokud je
indikace k dudlni antiagregacni terapii (napf. prevence
trombozy stentu).3? U¢innost mGze byt snizena u pokro-
Cilé renalni insuficience; u nékterych pacientl se mize
vyskytnout rezistence a vyssi reaktivita trombocyt(.3 Ti-
cagrelor a prasugrel se u pacientl lé¢enych dialyzou ne-
doporucuji vzhledem k vy3Simu riziku krvaceni a omeze-
nym klinickym datlm. Subanalyza studie TRITON-TIMI-38
ukdzala zlep3eni mortality a morbidity u prasugrelu, ale
data o krvaceni jsou omezena. Registry SWEDEHEART
a PROMETHEUS ukazuji, Zze u pacientd s tézkym CKD
(eGFR < 0,5 ml/s/1,73 m2) nebyl ticagrelor spojen s lepSim
vysledkem a riziko krvaceni bylo vyssi. Metaanalyza u pa-
cientl lé¢enych dialyzou (¢tyri kohorty, n =5 417) potvrdi-
la vyssi riziko zdvaznych kardiovaskularnich pfihod (major
adverse cardiac events, MACE), umrti a krvaceni s ticagre-
lorem oproti clopidogrelu. Farmakodynamické studie
u ticagreloru a prasugrelu naznacuji potencialni budouci
vyuziti, ale dukazy jsou zatim omezené.

Co se tyce doby trvani antiagregacni terapie, optimalni
délka DAPT u pacientl lécenych dialyzou neni stanove-
na. Nové studie naznacuji moznost monoterapie P2Y i

a zkraceni standardni doby DAPT podobné, jako je tomu
u pacientd mimo AKS. Pokud pacient nema jesté navic
indikaci k antikoagula¢ni [é¢bé (napf. z davodu FS), tak
se jako optimum jevi podavani DAPT po dobu jednoho
mésice s naslednym pfechodem na protidestickovou mo-
noterapii.

3.1.9 Uzavér ouska levé siné

Zdrojem kardioembolizace pfi FS je trombus, ktery se
v naprosté vétsiné pripadu (> 95 %) vytvofi v ousku levé
siné (left atrial appendage, LAA). LAA je nékolik centi-
metrd dlouhad, slepa struktura a pri absenci mechanické
kontrakce a stagnaci krve pfi FiS neni vytvoreni trombu
pravé zde prekvapujici. Eliminace ouska levé siné jako
metoda, ktera ma nefarmakologicky zabranit vzniku
trombu, a tim kardioembolizaci, je vyvijena jiz velmi
dlouho a prvni chirurgické zakroky s amputaci ouska byly
provedeny jiz v padesatych letech minulého stoleti. Ka-
tetrizac¢ni techniky, tedy tzv. katetriza¢ni uzavér ouska
levé siné (LAAC) se v klinickych studiich a klinické praxi
vyznamné vyvijeji v poslednich dvaceti letech. Jelikoz se
LAAC provadi umisténim tzv. okludéru do LAA, je bez-
prostfedné po jeho provedeni nutno uzivat bud DOAC
¢i DAPT do doby endotelizace uzaveéru, tedy vétsinou na
dobu dvou mésicll, nasledné pacienti uzivaji jesté casto
protidestickovou monoterapii ¢i antitrombotickou lé¢bu
vysazuji Uplné. Teoreticky by tak LAAC mél predstavovat
optimalni variantu prevence prdvé pro pacienty s FS na
HD, protoze umoznuje redukci anitrombotické medikace,
a tim i riziko krvacivych prihod.

Jako se viemi vyse uvedenymi farmakologickymi moz-
nostmi, i zde bohuzel chybéji data z randomizovanych
studii. Dvé na toto téma iniciované studie (WATCH AFIB,
STOP-HARM) byly pro pomaly nabor pacientl zastaveny.
Treti (LAA KIDNEY) probiha i v Ceské republice a je pFi-
blizné v poloviné naboru pacientl. Prospektivni neran-
domizovana studie s nejvétsim poctem pacientl (celkem
368), kterd porovndvala kohortu pacientd osetfenych
LAAC s kohortou léc¢enou warfarinem a kohortou bez
lécby OAC, pfinesla pozitivni vysledky. Kohorta lécend
LAAC méla nizsi riziko kardioembolizac¢nich pfihod jak ve
srovndani s pacienty lé¢enymi warfarinem (HR 0,19, 95% ClI
0,04-0,96), tak ve srovndni s pacienty bez OAC (HR 0,16,
95% Cl 0,04-0,66). Incidence kardioemboliza¢nich pfihod
(1,7 %) byla nizsi také ve srovnani s po¢tem predikovanym
pomoci CHA,DS,VASc téchto pacientd (6,7 %; p < 0,001).
Riziko krvaceni bylo v kohorté LAAC nizZsi nezZ u pacientt
lécenych warfarinem (HR 0,37, 95% Cl 0,16-0,83) a po-
dobné jako u pacientd bez OAC (HR 0,51, 95% Cl 0,23-
1,12). Zhruba polovina krvéceni se ve skupiné s LAAC ob-
jevila v prvnich tfech mésicich, kdy je jesté nutno podavat
intenzivnéjsi antitrombotickou medikaci. Bohuzel riziko
komplikaci zékroku je u HD pacientt pro jejich kifehkost
lehce vyssi** | kdyz i dalSi mensi observacni studie jsou
slibné ve smyslu pouziti LAAC u HD pacientd, je nutno je
vsak potvrdit v randomizované studii.

3.2 Protidestickova lécba rutinné u nemocnych

s AV shunty

Podavani antiagregacni lécby v souvislosti se zalozZe-
nim cévniho pfistupu u pacienti s ESKD zastava kon-
troverzni. Nékteré metaanalyzy ukazuji na potencidlni



9% Antikoagulacni |é¢ba u chronicky dialyzovanych pacienttd s FS

Interval mezi vysazenim a Tx

Kyselina acetylsalicylova 5 dni
Inhibitory P2Y,, 5 dni
Warfarin 5 dni
DOAC (apixaban) 72h
LMWH 24 h

Poznamka

Pozadované INR pied Tx < 1,5

K preklenuti (bridging) enoxaparin, cil anti-Xa 0,5-1,1
Fondaparinux kontraindikovan

DOAC - pfimé peroralni antikoagulancia; INR - mezindrodni normalizovany pomér (international normalised ratio); LMWH - nizkomoleku-

larni hepariny; Tx — transplantace ledviny.

Tabulka 3 - Pfijemce k transplantaci ledviny od kadaverézniho (zemfelého) darce

Cekaci listina k Tx

Dudlni antiagregace
kontraindikovéna

DOAC U pacientu zarazenych na WL

kontraindikovana
Kyselina acetylsalicylovd ~ Na WL mozné
Inhibitory P2Y,

Warfarin

Na WL mozné

Na WL mozné

Nelze zaradit, po dobu lécby transplantace

Poznamka

Délku trvani terapie u nemocnych planovanych k zarazeni
na WL mozno fesit s Tx centrem

Pred zafazenim nutny prevod na warfarin nebo LMWH,
pokud neni kontraindikace

Vysazeni pfi vyzvé k Tx
Vlysazeni pfi vyzvé k Tx

Vlysazeni pfi vyzvé k Tx, Uprava koagulacnich parametrG
béhem pfipravy k Tx

LMWH - nizkomolekularni hepariny; Tx — transplantace ledviny; WL - ¢ekaci listina k Tx ledviny.

benefit antiagregacni 1é¢by (zejména ASA, clopidogre-
lu a tiklopidinu) v redukci trombdzy AVF (arteriovendz-
nich fistuli — nativnich) ¢i AVG (AV graftd - cévni pro-
tézy), ale dikazy jsou omezené, heterogenni a casto
vychdzeji z pooperacniho podavani. Pouze nékolik stu-
dii testovalo preoperac¢ni podani, pficemz vysledky byly
nekonzistentni — v jedné studii ASA snizila poopera¢ni
trombézu, clopidogrel snizil riziko primarniho selhani
AVF, ale jina studie s ticlopidinem nedosahla statistické
vyznamnosti. Zaroven vsak plati, Ze neni doporuceno
prerusovat chronicky zavedenou antiagrega¢ni mo-
noterapii u pacientd podstupujicich zaloZzeni cévniho
pfistupu.® Velkd retrospektivni analyza z registru VQl
(Vascular Quality Initiative) zahrnujici témér 50 000 pa-
cientd s AVF a vice nez 12 000 s AVG ukazala, Ze proti-
destickovd monoterapie zlepsuje primarni prichodnost
obou typU pfistupd, a u pacientld s AVG navic i celko-
vé preziti. DAPT dale snizovala riziko ztraty primarni
prachodnosti u AVG, zatimco kombinace ASA s anti-
koagulaci nepfinesla prospéch a byla spojena s horsimi
vysledky, pravdépodobné v souvislosti s komorbiditami
téchto pacientd. Podle doporuceni pro cévni pristu-
py iniciativy KDOQI (Kidney Disease Outcomes Quali-
ty Initiative) neni doporuceno rutinni podavani ASA
v prevenci dysfunkce AVF. U AVG pak ma byt peclivé
zvazovana kombinace ASA a dipyridamolu (ktery v CR
neni k dispozici). U pacientl s tunelizovanym central-
nim Zilnim katétrem a nizkym rizikem krvaceni muze
byt v rdmci udrzeni jeho priachodnosti pfidana nizka
davka ASA.

4 Cekatelé na transplantaci ledviny

Kandidati transplantace ledviny (TxL) jsou v ramci he-
mostatickych zmén dUsledkem chronického selhani
ledvin a dialyzy ve zvy3eném riziku jak tromboembo-
lickych, tak krvacivych pfihod. Trombocytopatie, ktera
se vyskytuje u dialyzovanych pacientl, muize v nékte-
rych pfipadech pretrvavat az dva roky po transplantaci,
nez dojde k jeji normalizaci. MnozZstvi dat analyzujicich
vyuziti, ucinnost a bezpecnost jednotlivych typu anti-
koagula¢ni terapie u pfijemct transplantace ledviny je
velmi limitované. U kandidatd a pfijemcl transplan-
tace ledviny ma pridruzeny vliv glomerularni filtrace,
kterd je nizka az zanedbatelnd u kandidatl a kolisava
u prijemcl transplantace, zvlasté v casném potrans-
planta¢nim obdobi. Akutni poskozeni ledviny v ramci
potransplanta¢nich komplikaci (rejekce, infekce, vyso-
ka koncentrace kalcineurinovych inhibitor(, postrenal-
ni obstrukce) mlze vysi glomerularni filtrace béhem
kratké doby vyznamné zménit. Uziti DOAC u pfijemcl
TxL s funkénim $tépem je zatizeno pochybnostmi [é-
kovych interakci s imunosupresivni terapii prfes meta-
bolickou drahu cytochromu P450 (CYP), pres kterou je
metabolizovan tacrolimus i cyklosporin, coz by mohlo
zvySovat kalcineurinovou toxicitu, mit negativni vliv na
funkci $tépu a zvysit riziko infekénich komplikaci. Pres
vyse zminéné obavy nejsou k dispozici studie, které by
prokdazaly vyznamny vliv DOAC na koncentrace imuno-
supresiv. Metaanalyzy observacnich studii porovnéva-
jici DOAC s VKA u pfijemct transplantace ledviny pod-
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poruji pfiznivéjsi ucinnost a bezpecnostni profil DOAC
oproti VKA i u pacientl po transplantaci.’® Mezindrod-
ni konsenzus ohledné uziti antikoagulancii u ¢ekateld
a prijemctl transplantace ledviny neni k dispozici, vétsi-
na center se fidi lokalnimi zvyklostmi.

V tabulce 2 jsou uvedeny antikoagulacni postupy u pfi-

jemce ledviny od Zijiciho darce a v tabulce 3 pak postupy
u pfijemce od zemfelého darce.

Zakladni body vedeni antikoagulace

po transplantaci ledviny

e Do tfi mésicl po transplantaci preferenéné LMWH,
lécbu DOAC a VKA neindikujeme z dGvodu nestabilni
funkce a mozné biopsie.

e DOAC - preferen¢né apixaban, pfipadné rivaroxaban
za monitorace koncentraci kalcineurinovych inhibi-
tord. Prvni kontrola koncentrace kalcineurionovych
inhibitord 5-7 dni po zahajeni terapie DOAC. Dabi-
gatran je kontraindikovan.

e P2Y,imozno nasadit 7-10 dni po transplantaci.

e Antikoagulace LMWH - zahajeni po vykonu dle chi-
rurga. V pripadé profylaxe, je z interniho hlediska
vhodné zahajeni 24 h od vykonu. Nutnd adjustace dle
télesné hmotnosti a renalnich funkci, cilovd hodnota
anti-Xa 0,5-1,1.

5 Vyhled do budoucna

Jednou z oblasti vyvoje novych antikoagulancii je testo-
vani vyznamu inhibitord faktoru XI. Faktor XI v neaktivni
formé cirkuluje v krevni plazmé a je soucasti vnitfni cesty
koagula¢ni kaskady. Jeho zasadni funkce spociva v ampli-
fikaci koagula¢ni kaskady. Inhibitory faktoru XI pak diky
snizeni koncentrace funkéniho aktivovaného faktoru Xi
snizi tvorbu trombinu a nasledné fibrinu. Vrozeny deficit
faktoru Xl je podkladem hemofilie C. U téchto Iékl pre-
klinicka a ¢asna klinicka data hovofi o snizeni rizika krva-
ceni v porovnani s klasickou antikoagula¢ni |é¢bou pfi za-
chovani ucinnosti v prevenci kardioembolizacni pfihody.

Inhibitory faktoru Xl je mozné rozdélit na nékolik sku-
pin dle mechanismu uUcinku: antisense oligonukleotidy
(ASO), protilatky proti faktoru Xl a Xla a malé molekuly
s vazbou na faktor XI a Xla. ASO jsou v obecné roviné
syntetické jednovldknové fetézce DNA nebo RNA, které
se vazi na cilovou mRNA, a tim znemoZznuiji jeji transkrip-
ci. Vysledkem je pak snizeni syntézy klicového proteinu,
v tomto pripadé faktoru XI.

ASO doposud nebyly zavedeny do |é¢by kardiovasku-
larnich onemocnéni, nicméné jejich vyuziti v ovlivnéni
koagulace snizenim syntézy faktoru Xl je predmétem vy-
zkumu. ASO by mély byt aplikovany s.c. injekci na tydenni
¢i mésicni bazi. Jejich nevyhodou bude nejspise pomaly
nastup antikoagula¢niho mechanismu.

Monoklondlni protilatky ovliviuji koagula¢ni kaskddu
vazbou na koagula¢ni faktory s ndslednou zménou jejich
funkce. Monoklonalni protilatky jiz byly testovany v né-
kolika studiich a fada projektd v soucasnosti bézi. Pro-
tilatky jsou aplikovany i.v. ¢i s.c. v mési¢nich intervalech.
V porovnani s ASO maji relativné rychly nastup ucinku.
Metabolismus protilatek se jevi nezdvisly na jaternich ¢i
rendlnich funkcich, a jsou tedy urcitou nadéji pro lécbu

pacientd s ESKD nebo pacientd v hemodialyza¢nich pro-
gramech. Jejich nevyhodou muze byt jejich imunogenicita
s naslednymi konsekvencemi — lokalIni reakce, hypersenzi-
tivita a tolerance po prfedchozich aplikacich. Zastupci této
skupiny jsou Abelacimab, Osocimab, Xisomab.

Malé molekuly jsou syntetické slouceniny, které diky
své velikosti mohu byt poddvany p.o. Tyto léky mohou
mit relativné rychly nastup ucinku, ale jejich metabolis-
mus muze byt zavisly na jaternich a renalnich funkcich.
Proto Ize predpokladat jejich limitované vyuziti u pacien-
t0 s renalni problematikou. V soucasnosti jsou testovany
Asundexian a Milvexian. Tyto dvé molekuly inhibuji akti-
vovany faktor XI. Jejich metabolismus predpoklada uziva-
ni jednou denné.

5.1. Vybrané testované latky
B Abelacimab
Abelacimab je plné humanni monoklondlni protilatka va-
zajici se na inaktivni formu faktoru XI. Projekt ATALEA-TI-
MI 71 hodnotil bezpec¢nost subkutdnniho podani abelaci-
mabu 150 mg nebo 90 mg podaného jedenkrat mési¢né
ve srovndni s denni ddvkou rivaroxabanu u pacientd s FS
a stfednim az vysokym rizikem tromboembolické pfiho-
dy. Rivaroxaban byl davkovan dle miry glomerularni filt-
race (redukovana dévka 15 mg u eGFR < 0,8 ml/s/1,73 m?).
Do studie vstoupilo 1 287 pacientu. Studie byla predcasné
ukoncena s ohledem na jednoznacné snizeni vyskytu za-
vazného i stfedniho krvaceni u obou davek abelacimabu.
Z této studie viak byli vylouceni pacienti s eGFR < 0,25
ml/s/1,73 m? nebo v hemodialyza¢nim programu.’
Aktudlné probihd projekt LILAC-TIMI 76, placebem
kontrolovana, dvojité zaslepend studie hodnotici bezpe¢-
nost a ucinnost abelicimabu u nemocnych s FS, u nichz
neni Unosnd jind antikoagula¢ni lécba. Predpokladand
publikace vysledk méla byt v roce 2025. Diky pomalé-
mu naboru pacientl Ize ocekdvat vysledky spiSe az v roce
2027.

B Asundexian
Asundexian byl testovan ve dvou davkach oproti apixa-
banu u nemocnych s FS ve studii PACIFIC-AF. Studie byla
zamérena na bezpecnost. Asundexian v obou davkach (20
a 50 mg) vyznamné snizil hodnotu faktoru XI. Ve srovna-
ni s apixabanem podavani asendexianu vyznamné snizilo
vyskyt nezdvazného krvaceni.?®

Ucinnost a bezpe¢nost asundexianu v davce 50 mg
denné ve srovnani se standardné davkovanym apixa-
banem pak hodnotila multicentrickd, dvojité zaslepen4,
radomizovana studie OCEANIC-AF. Tento projekt byl
predcasné ukoncen pro nizsi uc¢innost asundexianu oproti
apixabanu. Ischemicka cévni pfihoda se vyskytla u 1,3 %
pacientd na asundexianu a pouze u 0,4 % pacientl na
apixabanu.*® Nutné poznamenat, Ze z obou projektt byli
pacienti s téZkou renalni insuficienci vylouceni.

B Milvexian

V soucasné dobé probihd klinické hodnoceni LIBREXIA-
-AF. V této dvojité zaslepené, randomizované studii je
porovnavana ucinnost a bezpec¢nost milvexianu s api-
xabanem. Z této studie jsou vylouceni pacienti s ESRD
a v hemodialyza¢nich programech. Data je mozné oceka-
vat jiz v prlbéhu roku 2026.
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6 Zavér

FS je u nemocnych v PDL vyznamnou poruchou srde¢niho
rytmu. Pfitomnost FS zvysuje riziko tromboembolickych
pfihod véetné ischemické CMP. Nemocni s pokrocilym
onemocnénim ledvin véetné PDL maji zarover i vysoké
riziko krvacivych komplikaci. Pro pacienty v PDL nejsou
vhodna klasicka kritéria k zavedeni antikoagula¢ni lécby,
vcetné Siroce uZivaného skére CHA,DS,-VA. U téchto pa-
cientl je k zahajeni a vedeni OAC vhodné vyuzit upravena
schémata, napf. Dialysis Risk Score, které lépe zohledriu-
je specifika takto rizikové skupiny. Pokud jsou u pacientt
v HD programu indikovdna OAC, tak nejvhodné&jsimi Iéky
se jevi pfimé inhibitory faktoru Xa, apixaban nebo rivaro-
xaban. Ostatni farmaka jsou bud kontraindikovana, nebo
jejich pouziti je kontroverzni. Warfarin je v soucasné dobé
vyhrazen pro specifické situace, napt. mechanicka chlo-
penni nahrada nebo antifosfolipidovy syndrom. Vhodné je
také posouzeni indikace k mechanické okluzi ouska levé
siné jako dominantniho zdroje trombézy u pacientt s FS.
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Kardiovaskularni onemocnéni predstavuje vyznamny globalni zdravotni problém. Pravidelna pohybova ak-
tivita a cviceni patfi mezi nejucinnéjsi intervence v jeji primarni i sekundarni prevenci. Epidemiologicka data
ukazuji, ze i nizka az stfedni Uroven pravidelné pohybové aktivity snizuje kardiovaskuldrni mortalitu a mor-
biditu. Mechanismus téchto efektd zahrnuje pozitivni zmény tradi¢nich rizikovych faktord, ale i pfimé cévni
efekty. Nedostatek pohybové aktivity je naopak spojen s vyssim kardiovaskularnim rizikem a rizikem celkové
mortality. V sekunddrni prevenci pfinasi ucast na strukturovanych programech kardiovaskularni rehabilitace
vyznamnou redukgi rizika reinfarktu, hospitalizaci a mortality. Vstupni screening a individualni nastaveni
cvicebni zatéze podle principll ,Frekvence-Intenzita-Trvani-Typ-Progrese” (FITT-P) jsou klicové pro bez-
pecnost a efektivitu téchto intervenci. V praxi jsou vyuzivany jak kontinualni, tak intervalové formy cviceni,
s dlrazem na individualni volbu dle klinického stavu a preference pacienta. Moderni digitalni technologie
umoznuji cviceni vedené na délku a domaci programy, které prekonavaji bézné bariéry ucasti a zlepsuji
adherenci. Jednoduchym a motivujicim ukazatelem pro Sirokou populaci maze byt sledovani denniho poctu
krokd, pricemz jiz zvySeni o nékolik tisic krok denné pfinasi vyznamné zdravotni benefity. Efektivni imple-
mentace pohybové aktivity v klinické praxi vyzaduje multidisciplinarni pfistup, kontinuélni edukaci pacientd
i zdravotnikl a aktivni vyuziti dostupnych technologii, coz muZze zdsadné zlepsit prognézu pacientu s ische-
mickou chorobou srdecni.

© 2026, CKS.

ABSTRACT

Cardiovascular diseases represent a significant global health problem. Regular physical activity and exercise
are among the most effective interventions for primary and secondary prevention. Epidemiological data
show that even low to moderate levels of regular physical activity reduce cardiovascular mortality and mor-
bidity. The underlying mechanisms include favorable changes in traditional risk factors and direct vascular
effects. Conversely, physical inactivity is associated with increased cardiovascular risk and overall mortality.
In secondary prevention, participation in structured cardiac rehabilitation programs significantly reduces
the risk of reinfarction, hospitalizations, and mortality. Initial screening and individual exercise prescription
following the “Frequency, Intensity, Time, Type — Progression (FITT-P)" principles are essential for the safety
and effectiveness of these interventions. Both continuous and interval exercise modalities are used in practi-
ce, emphasizing individual choice based on clinical status and patient preference. Modern digital technolo-
gies facilitate remote rehabilitation and home-based programs, overcoming common participation barriers
and improving adherence. Tracking daily step counts can serve as a simple and motivating indicator for the
general population, with even small increases delivering significant health benefits. Effective implemen-
tation of physical activity in clinical practice requires a multidisciplinary approach, continuous patient and
healthcare provider education, and active use of available technologies, potentially significantly improving
the prognosis of patients with coronary heart disease.
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Uvod

Podle udaju ze studie Global Burden of Disease (GBD)
2021 zGstava ischemickd choroba srde¢ni (ICHS) hlavni
pfi¢inou Umrti a nemocnosti na celém svété. V roce 2021
bylo s ICHS spojeno pfiblizné 8,99 milionu umrti.' V Ceské
republice jsou kardiovaskuldrni onemocnéni rovnéz nej-
Castéjsi pricinou umrti, odpovédna za vice nez 40 % vsech
umrti, pficemz ICHS ma na této mortalité zasadni podil.
Hlavnimi pfic¢inami vysoké prevalence kardiovaskularnich
onemocnéni (KVO) v CR jsou rizikové faktory Zivotniho
stylu, zejména nedostatek pohybu, nezdrava vyziva, kou-
feni, nadmérna konzumace alkoholu a stres.?

Vzhledem k narustajici celosvétové zatézi ICHS ziskava
jeji prevence stale vétsi pozornost. Dlraz je kladen pre-
dev$im na cCasné rozpozndni rizik a efektivni intervence
v oblasti Zivotniho stylu a farmakoterapie. Dosavadni vy-
zkumy identifikovaly nékolik nezavislych a modifikova-
telnych rizikovych faktord, které zasadné pfispivaji k roz-
voji aterosklerotickych KVO.2

Tabulka 1 shrnuje hlavni modifikovatelné rizikové
a protektivni faktory, jejichz celkovy populacné pricita-
telny podil (PAR) na vyskytu akutniho infarktu myokardu
(AIM) ¢i KVO presahuje 80 %.% Prvnich pét uvedenych fak-
toru tvofi vice nez dvé tretiny této zatéze, a predstavuje
tak hlavni cile preventivnich strategii.®

Mezi nejvyznamnéjsi modifikovatelné protektivni fak-
tory v prevenci KVO patfi pravidelna pohybova aktivita
(PA). Aktudlni epidemiologické studie prokazuji, Ze pravi-
delnd PA snizuje riziko kardiovaskularni morbidity a mor-
tality 0 30-50 %, a to i pfi stfednich az nizkych objemech
pohybu.®’

Mechanismus ochranného efektu PA vsak presahuje
tradi¢né uzndvané zmény klasickych rizikovych faktord,
jako jsou krevni tlak, dyslipidemie ¢i glykemie. Pfiblizné
40 % jejiho celkového pfinosu nelze témito tradi¢nimi
parametry vysvétlit, coz vede k hypotéze o tzv. kardio-
protektivnim ,vaskuldarnim podminéni” (,vascular con-
ditioning”).® Tento koncept zahrnuje zejména zlepseni
endotelové funkce, pozitivni cévni remodelaci, snizeni
cévniho zdnétu a zlepseni vaskuldrni reaktivity. Kromé
téchto pfimych biologickych u¢inkd PA priznivé ovliviiuje
i behaviordlni a psychosocialni faktory.

Naopak pohybova inaktivita nadéle predstavuje vy-
znamny globalni problém vefejného zdravi se zdvaznymi
dusledky pro kardiovaskuldrni zdravi i ekonomickou za-
téZ zdravotnich systémU. Podle studie GBD byla pohybo-
va inaktivita spojena s o 24 % vyssim rizikem vzniku ICHS
(pomeér rizik [HR] 1,24; 95% interval spolehlivosti [CI] 1,13-
1,36) a lze ji pfipsat priblizné 5,5 % vsech pripadd ICHS.>™°

Nejde vsak jen o riziko samotného vzniku onemocné-
ni. Nedostatek pravidelného pohybu podle recentnich

Tabulka 1 - Modifikovatelné rizikové a protektivni faktory pro KVO a jejich odhadovany dopad (PAR a HR/OR)

Faktor HR/OR (CI) PAR (CI) Charakteristika
Hypertenze HR 1,91 (1,74-2,10) 21,6-29,3 % Rizikovy faktor
Koureni (aktudlni a byvalé) OR 2,04 (1,86-2,25) 10,7-35,7 % Rizikovy faktor
Dyslipidemie (non-HDL cholesterol) HR 1,54 (1,30-1,78) 15-16 % Rizikovy faktor
Diabetes mellitus HR 2,37 (2,07-2,71) 10-15 % Rizikovy faktor
Abdominalni obezita / BMI > 30 HR 1,62 (1,45-1,80) 7-20 % Rizikovy faktor
Psychosocialni stres a deprese OR 2,67 (2,21-3,22) az32 % Rizikovy faktor
Nedostatek fyzické aktivity HR 1,67 (1,53-1,83)* 12,2-12,5 % Rizikovy faktor
Pravidelna fyzicka aktivita (ochrana) HR 0,60 (0,53-0,67)** - Protektivni faktor
Konzumace ovoce a zeleniny OR 0,70 (0,62-0,79) 13,7 % Protektivni faktor

Cl - interval spolehlivosti (confidence interval); BMI - index télesné hmotnosti; HDL - lipoprotein o vysoké hustoté; HR — pomér rizik;
KVO - kardiovaskularni onemocnéni; OR — pomér Sanci; PAR — popula¢né pficitatelny rizikovy podil (population attributable risk).

* Riziko pfi nizké aktivité vs. referen¢ni skupina
** Riziko u nejaktivnéjsich vs. nejméné aktivnich

Tabulka 2 - Intenzita pohybové aktivity podle hodnoty MET a piikladt ¢innosti

Intenzita pohybové aktivity METs Priklady

Pomala chiize (< 4,7 km/h), cyklistika (< 8 km/h), lehké domaci/zahradni prace, pomaly tanec,

Stiedni az rychla chdze (4,8-6,5 km/h), jizda na kole (< 15 km/h), seceni travy, vysavani, tenis

Jogging nebo béh, rychla chiize do kopce, jizda na kole (>15 km/h), tézké zahradniceni

Lehka aktivita Lot 252 lehké posilovani, stre¢ink
Al S0 (¢tyrhra), spolecensky tanec, vodni aerobik, posilovani s ¢cinkami
Intenzivni aktivita >6,0

(nepretrzité kopdni /okopdvani), stéhovani, kondi¢ni plavani, tenis (dvouhra), squash nebo

badminton, veslovani, bézkovani

MET - metabolicky ekvivalent zatéze (1 MET » klidovy kyslikovy pfijem, tj. 3,5 ml O./kg/min).
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Pohybova aktivita v prevenci ICHS

metaanalyz zvySuje riziko celkové mortality i mortality
z kardiovaskularnich pficin, zhorsuje fyzickou zdatnost,
urychluje néstup disability a zkracuje pocet let prozitych
ve zdravi."'? Dlouhodobé sledovani ukdazalo, Zze osoby
s nizkou fyzickou zdatnosti maji az 3-4x vyssi riziko umrti
nez osoby s vysokou Urovni kardiopulmonalni zdatnosti."
S ohledem na vyse uvedené skutecnosti je nezbytné nadé-
le posilovat vyznam pravidelné pohybové aktivity a cile-
nych intervenci nejen v sekundarni prevenci, ale i v rdmci
primarni prevence ICHS na popula¢ni drovni. Cilem toho-
to prehledu je shrnout vyznam PA v primarni a sekundar-
ni prevenci ICHS.

Pohybova aktivita a jeji klasifikace

PA oznacuje jakykoli pohyb téla produkovany kosternim
svalstvem, ktery vede k energetickému vydeji nad hod-
noty klidového metabolismu. Intenzita PA se nejcastéji
vyjadfuje pomoci metabolickych ekvivalentd (METs), kde
1 MET odpovida klidové spotfebé kysliku pFiblizné 3,5 ml/
kg/min u prlimérného dospélého. Podle vyse energetic-
kého vydeje Ize PA rozdélit na lehkou, stfedné intenzivni
a intenzivni." Cviceni je planovana, strukturovand a opa-
kovana forma PA, jejimz cilem je zlepsit nebo udrzet
fyzickou zdatnost a zdravi; predstavuje tedy zdmérnou
podmnozinu PA. V klinické praxi se preskripce cvi¢eni Fidi
principy FITT-P (Frekvence-Intenzita-Trvani-Typ-Progre-
se).*

I lehka PA, jako je pomala chize ¢i lehké doméci pré-
ce, je spojena s prfinosem pro zdravi. Vyssi Uroven aktivity
a zejména vyssi intenzita byvd obecné spojena s vétsim
efektem na snizeni kardiovaskularniho rizika. Jedna mi-
nuta intenzivni aktivity se pfiblizné rovna dvéma minu-
tam aktivity stfedni intenzity.” Ukazuje se viak, ze i leh-
ka aktivita v kratSich davkach pod doporucenou urovni
mUzZe mit pozitivni dopad na celkovou mortalitu i mor-
talitu z kardiovaskuldrnich pfi¢in.'® Pfiklady jednotlivych
intenzit PA jsou uvedeny v tabulce 2.

Pohybova aktivita v primarni prevenci ICHS

Jiz prvni observacni studie z poloviny 20. stoleti prokaza-
ly, Ze osoby s vyssi pracovni nebo volnocasovou PA maji
nizsi vyskyt ICHS."” Pozitivni ucinky pravidelné PA byly
nasledné potvrzeny nejen u mladsich a zdravych jedin-
cl, ale také u seniord bez predchoziho KVO. Lidé, kteri
zacali byt aktivni az ve vy$3im véku, méli vyznamné nizsi
riziko kardiovaskularnich pfihod nez ti, ktefi zastali neak-
tivni, pficemz tento protektivni efekt byl dokumentovan
i u pacientt s jiz existujicim KVO."®" Pfinos PA v redukci
kardiovaskularniho rizika je srovnatelny s efektem odvy-
kani koureni,® coz zdurazriuje vyznam zavedeni aktivni-
ho Zivotniho stylu i v pozdéjsich fazich Zivota.

Cast pFiznivého uginku PA v primarni prevenci KVO je
zprostfedkovana ovlivnénim tradicnich rizikovych fakto-
rd.2" PA pomaha udrZovat zdravou télesnou hmotnost,
predchazi vzniku arteridlni hypertenze, dyslipidemie,
diabetu 2. typu a metabolického syndromu.? Pravidel-
na PA pfispivad k udrzeni normotenze u zdravych jedincl
a ke snizeni krevniho tlaku u hypertonik(.?®* Dédle pozitiv-

né ovliviiuje lipidovy profil, redukuje prevalenci obezity
a diabetu?* a snizuje koncentrace zanétlivych biomarke-
rd,?>2¢ které hraji vyznamnou roli v patogenezi ateroskle-
rézy.

PA ma vsak i nezavislé protektivni ucinky na KVO, které
nejsou zcela vysvétlitelné zménami tradicnich rizikovych
faktoru. Klicovou roli zde hraje zvyseni fyzické zdatnosti
(zejména kardiorespirac¢ni fitness), kterd sama o sobé vy-
znamné snizuje kardiovaskularni riziko.?” Vyssi uroven fy-
zické zdatnosti je spojena s nizs§im vyskytem hypertenze,
dyslipidemie i metabolického syndromu.?2® PA a fyzicka
zdatnost tak predstavuji dva nezdvislé, aviak synergicky
pUsobici ochranné faktory v prevenci KVO. Souhrn pfino-
sd PA v primarni prevenci je uveden v tabulce 3. Podle
aktudlnich doporuceni Evropské kardiologické spole¢nos-
ti je doporuceno absolvovat nejméné 150 minut stfedné
intenzivni aktivity tydné nebo 75 minut intenzivni aktivi-
ty tydné, doplnéné o silovy trénink 2-3x tydné.33!

Pohybova aktivita v sekundarni prevenci ICHS

PA a cviCeni predstavuji klicovy pilif sekundarni preven-
ce kardiovaskularnich onemocnéni. Nejenze snizuji riziko
recidivy onemocnéni, ale také zpomaluji jeho progresi
a zlepsuji progndézu pacientd po prodélaném AIM nebo
po revaskulariza¢nich vykonech.3233 U¢ast ve strukturova-
nych programech kardiovaskularni rehabilitace (KVR) za-
loZzenych na pohybové aktivité pfinadsi u pacientd s ICHS
klinicky vyznamné pfinosy.>* Recentni metaanalyza 85
randomizovanych studii zahrnujicich 23 430 pacientud
s medianem sledovani 12 mésica potvrdila, Ze ucast na
pohybové zaloZzené KVR vede ke snizeni mortality z kar-
diovaskularnich pfi¢in o 26 % (pomeér rizik [RR] 0,74; 95%
Cl 0,64-0,86), k redukci hospitalizaci o 23 % (RR 0,77;
95% Cl 0,67-0,89) a k poklesu vyskytu infarktu myokar-
du o 18 % (RR 0,82; 95% Cl 0,70-0,96). Tyto pfinosy byly

Tabulka 3 - Shrnuti pfinosti pohybové aktivity v primarni

prevenci ICHS

Pohybova aktivita v primarni prevenci ICHS

Rizikovy faktor/Onemocnéni  Zdravotni pfinos PA

Uroven PA a fyzické zdatnosti
(kardiopulmonalni kapacita,
svalova sila)

Metabolicky syndrom

Diabetes mellitus 2. typu Kontrola glykemie, zvyseni

inzulinové senzitivity

Obezita Kontrola télesné hmotnosti
Dyslipidemie Zlepseni lipidového profilu

(T HDL, { LDL)
Hypertenze Prevence hypertenze u zdravych

osob, snizeni TK u hypertonika

Snizeni biomarkert
(CRP, Lp-PLA,, IL-1B, IL-6, TNFo)

Zénétlivy proces
a aterosklerdza

CRP - C-reaktivni protein; HDL - lipoprotein o vysoké hustoté; ICHS
- ischemickd choroba srdecni; IL-1B — interleukin 1 beta; IL-6 - in-
terleukin 6; LDL - lipoprotein o nizké hustoté; Lp-PLA, - fosfolipa-
za A, asociovana s lipoproteiny; PA — pohybova aktivita; TK - tlak
krve; TNFa - tumor nekrotizujici faktor alfa.
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Indikace pro KVR

Vysetreni pred vstupem do KVR

Stabilni angina pectoris
e PCl
e AIM v poslednich
12 mésicich
e Chirurgicka

Klasifikace rizika dle ACC/AHA

Podrobna anamnéza,
fyzikalni vysetreni

Symptomy limitovany test: Tfida A: bez zvyseného rizika

Predpis cviceni

revaskularizace 1. Stanoveni vychozi Trida B: nizké riziko
e Oprava/nahrada srdec¢ni kondice — stabilni ICHS, zadné
chlopné 2. Stanoveni tréninkovych  zdvazné komplikace pfi Zahrati: 5-10min

e Transplantace srdce z6n (VT1/T2, TF, VO,)

e Chronické srdecni selhani 3. Vyhodnoceni ischemie/
arytmii a bezpecnostnich

Pacienti mohou obvykle limitd

vstoupit do KVR 1-2 tydny  Laboratorni vysetreni/echo

po prihodé (napr. PCI nebo dle kliniky

nekomplikovany AIM)

Aerobni trénink: 30-60 min,
3-5x/tyden, intenzita: 40-70 %HRR
(pokrocilejsi 70-85 %), RPE 11-14,
talk test: kratké véty

Odporovy trénink 2-3x/tyden:
8-10 cvikl, 1-3 série x 8-12 opak.,
60-80 % 1RM (u rizikovych

30-40 % 1RM)
Flexibilita/rovnovaha 2-3x/tyden
(zejm. seniofi)

Zklidnéni 5-10 min

zatézi

Trida C: stiedni az vysoké
riziko — NYHA IlI/IV, ischemie
pfi zatézi, vyznamné
arytmie, funkéni kapacita
<6 MET

Trida D: nestabilni stav —
recentni ischemie/selhani,
symptomatické arytmie —
nutna stabilizace

Obr. 1 - Prehled: indikace ke KVR, vstupni vysetieni, klasifikace rizika dle doporuceni a preskripce cviceni podle principu FITT-P. Schéma
shrnuje proces zarazeni pacienta do programu KVR, vcetné indikaci k rehabilitaci, vstupniho vysetieni, klasifikace rizika podle American
College of Cardiology / American Heart Association a doporucenych parametril preskripce cviceni. Podrobné vstupni vysetieni a spravné
stanoveni rizika jsou zasadni pro bezpecnou individualizaci rehabilitacniho programu. Parametry cviceni odpovidaji principm FITT-P a za-
hrnuji doporucené hodnoty intenzity, trvani a frekvence tréninku.

ACC/AHA - American College of Cardiology / American Heart Association; AIM - akutni infarkt myokardu; ICHS - ischemicka choroba sr-
decni; KVR - kardiovaskuldrni rehabilitace; MET — metabolicky ekvivalent; NYHA - New York Heart Association; PCl - perkutédnni koronarni

intervence; RPE - subjektivni vnimanéa namaha (Borg 6-20); TF - tepova frekvence; VT1/VT2 - ventila¢ni prah 1, 2; VO, _NO,

, — maximalni/

vrcholova spotieba O, %HRR - procento rezervy srde¢ni frekvence (Karvonen); %HR_,, — procento dosazené vrcholove TF 6Fi testu.

pozorovany napfic¢ spektrem nemocnych véetné pacientt
po AIM, po chirurgické revaskularizaci ¢i perkutanni ko-
ronarni intervenci (PCl).?

V dlouhodobém sledovani (vice nez tfi roky) byly za-
znamenany jesté vyznamnéjsi pozitivni efekty, zejména
v podobé 42% redukce mortality z kardiovaskularnich
pric¢in (RR 0,58) a 33% snizeni rizika reinfarktu (RR 0,67).
U pacientd se srdecnim selhanim nebyl prokdzan statis-
ticky signifikantni efekt cvi¢ebni rehabilitace na celkovou
mortalitu v kratkodobém sledovani, nicméné bylo dosa-
Zeno vyznamného snizeni rizika hospitalizaci z jakékoli
pficiny o 31 %, mozného snizeni rehospitalizaci specificky
z daivodu srdecniho selhani (RR 0,82) a klinicky vyznamné-
ho zlepseni kvality zivota.®

Vzhledem k témto vyznamnym pfinosiim doporucu-
je vétsina odbornych spole¢nosti zafazeni KVR do lécby
u zpusobilych pacientl po kardiovaskuldrnich pfihodach
jako intervenci tfidy | (obr. 1). Pfesto vsak vyuziti KVR zU-
stdva nedostatecné. Podle rozsahlé analyzy dat Medicare
z roku 2017 zahdjilo KVR do jednoho roku od udalosti
pouze 28,6 % pacientl, pficemz pramérny pocet absol-
vovanych sezeni byl 25 + 12 a plny program (36 sezeni)
dokoncilo pouze 27,6 % z téchto pacientd, tedy celkové
asi 8 % vsech indikovanych.® Bariéry uUcasti jsou dobre
zdokumentovany i v ¢eském prostfedi. Mezi nejvyznam-
néjsi patii vzdalenost k centru, pracovni povinnosti, ne-
dostatek casu, problémy s dopravou a komorbidity, pfi-
¢emz mira Ucasti v CR nedosahuje ani 25 %.3® Nedavna

prehledova studie dale upozornuje na dalezité systémové
bariéry, jako je nedostatecné doporuceni zdravotnikl ci
omezena dostupnost rehabilitacnich center.

Predbézné zhodnoceni zdravotniho stavu
pred cviéenim

Pfed zahdjenim cvicebniho programu je klicové dikladné
zhodnotit aktudlni zdravotni stav pacienta, aby bylo moz-
né bezpecné stanovit miru zatéze a predejit potencidlnim
komplikacim. V ramci tohoto predbézného screeningu by
mél byt proveden podrobny anamnesticky rozhovor se
zamérenim na pfipadné pretrvavajici symptomy ischemie
myokardu, znamky dekompenzovaného srde¢niho selha-
ni nebo vyskyt arytmii, které by mohly byt vyvolany fyzic-
kou zatézi. Riziko téchto komplikaci se vyrazné snizuje jiz
béhem nékolika dni az tydnu po kardiovaskularni pfiho-
dé, coz umoznuje zahdjit KVR bezpecné jiz 1-2 tydny po
propusténi z hospitalizace, napfiklad po PCl nebo nekom-
plikovaném AIM.#

Zlatym standardem pro posouzeni fyzické zdatnosti
a odhad bezpecné miry zatéze je symptomy limitovany
test, idealné spiroergometrie.*’ Ta umozriuje objektivné
stanovit aerobni kapacitu a zaroven odhalit pfipadnou is-
chemii myokardu nebo zatézi indukované arytmie, které
by mohly vyZadovat Gpravu farmakoterapie ¢i prehodno-
ceni tréninkovych parametrd. V klinické praxi vSak mezi
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spiroergometrii a terénnimi testy stoji zakladni EKG er-
gometrie (béhatko/kolo), kterd je Siroce dostupnd i vam-
bulantni kardiologii a umoznuje symptomy limitované
a kvantifikované hodnoceni véetné sledovani EKG, krev-
niho tlaku (TK) a symptomu.*?

Detekci ischemie u zatéZzového EKG i spiroergomet-
rie je nicméné tfeba interpretovat obezfetné, protoze
bez zobrazovaci modality maji tyto testy omezenou sen-
zitivitu; u pacientl s intermedidlni ¢i vyssi predtestovou
pravdépodobnosti je vhodné zvazit zobrazovaci zatézové
metody.*4

Navic vétsinu vyhod pfipisovanych spiroergometrii (od-
had funk¢ni kapacity, hemodynamickd a chronotropni
odpovéd, detekce ischemie a arytmii, bezpecnd preskrip-
ce zatéze) lze v dostatecné mire ziskat i ze standardni-
ho ergometrického vysetfeni;*>* spiroergometrie nadto
pridava VO,  a zejména stanoveni ventilacnich prahd
(VT1/VT2), které umozniuji presnou individualizaci trénin-
kovych zén (napt. podle tepové frekvence [TF], vykonu ve
Wi % VO, ) a jemnéjsi individualizaci zatéze.”*

U pacientl s nizkym rizikem a interpretovatelnym kli-
dovym EKG je zatéZové EKG bez zobrazovaci metody po-
vazovano za rozumnou prvni volbu k vylouceni ischemie
a stanoveni funk¢ni kapacity.*24° V prostfedi podezieni na
chronickou ICHS s intermedialni predtestovou pravdépo-
dobnosti naopak soucasna evropska doporuceni preferuji
jako pocatecni strategii zobrazovaci test (funkéni ¢i CT
koronarografii); volba vysetfeni ma vychazet z klinického
cile (diagnostika vs. preskripce zatéze), charakteristik pa-
cienta a dostupnosti.®®>' Béhem testovani by mél pacient
setrvat na své obvyklé medikaci a idedIné test absolvovat
ve stejnou denni dobu, v jaké bude probihat vétsina tré-
ninkovych jednotek, aby se minimalizoval cirkadidnni vliv
na vykon a hemodynamickou odpovéd.>%>!

V pripadech, kdy neni spiroergometrie dostupna nebo
pacient neni schopen ji absolvovat, Ize vyuzit validované
terénni testy, jako je napriklad 6minutovy test chize.>%>
Tento jednoduchy submaximalni test je Siroce pouZivan
v ramci KVR a predstavuje cenny nastroj jak pro vstupni
hodnoceni, tak pro pravidelné monitorovani pokroku bé-
hem rehabilita¢niho programu.>*** Funk¢ni hodnoceni je
obzvlast dulezité u pacientd s komorbiditami (napr. dia-
betes, obezita, chronicka bolest, dusnost), které mohou
snizovat toleranci zatéZe a zvy3ovat riziko komplikaci.
Proto by ¢lenové KVR tymu méli byt proskoleni nejen ve
standardnim kardiologickém screeningu, ale i v indivi-
dudlnim a kulturné senzitivnim posuzovani specifickych
potieb a limitaci pacient(.%6>7

Doporuceni pro progresivni cviceni

PA a cviceni v ramci KVR by méla byt individualizovana
na zakladé vstupniho vysetieni a celkové klinické situace
pacienta. Stabilni pacienti po kardiovaskularni prihodé
mohou s rehabilita¢nim cvi¢enim zacit jiz v prabéhu prv-
niho tydne po propusténi. Nasledujici doporuceni se ty-
kaji predevsim aerobniho (vytrvalostniho) tréninku; silovy
trénink, flexibilita a rovnovaha jsou rfeseny oddélené. Ci-
lovy tydenni objem je 150-300 min stfedni intenzity nebo
75-150 min vy33i intenzity, obvykle ve formatu 30-60 min
po 3-5 dnech v tydnu. Intenzita zatéze mlze byt moni-

torovana pomoci subjektivniho hodnoceni ndmahy podle
Borgovy $kaly (6-20) a ,talk testu”; pro stfedni intenzi-
tu cilit na RPE 11-14 a schopnost mluvit kratkymi, jed-
noduchymi vétami (plynuld konverzace = nizka intenzita;
neschopnost dokoncit kratké véty = nad prahem VT2).
U osob, které vykazuji ischemické symptomy pri zatézi, by
méla byt cilovd tepova frekvence nastavena minimalné 10
tepUd/min pod anginéznim prahem.>®

PFi preskripci cvicebniho programu se doporucuje apli-
kovat princip FITT-P. Pokud je k dispozici spiroergometrie,
preferujte preskripci podle ventilacnich praht (VT1/VT2):
cviceni prevazné mezi VT1-VT2, intervaly > VT2 jen u sta-
bilnich pacientd. Pfi zatézovém testu bez analyzy plynu
pouzivejte % rezervni srdecni frekvence (HRR) 40-70 %
(pokrocilejsi 70-85 %) nebo % HRpeak 50-85 %; u pacien-
t0 na betablokatorech uprednostnéte relativni ukazatele
(RPE, talk test) pred cilovymi TF. Intenzitu Ize hodnotit ab-
solutné (napf. METs) nebo relativné vici maximalnim ka-
pacitam (napf. % VO.,_,). U dekompenzovanych a fyzicky
nevytrénovanych osob je vhodnéjsi vyuzivat relativni uka-
zatele. Neni vhodné pouzivat zjednodusené prediktivni
vzorce pro odhad maximalni srde¢ni frekvence, jako je
napriklad , 60 % z (220 — vék)”, zejména u pacientl uziva-
jicich betablokatory, protoze tyto léky vyrazné ovliviiuji

Tabulka 4 - Prakticka preskripce aerobniho tréninku v KVR

podle FITT-P (intenzita, rozsahy a progrese)

Komponenta Doporuceni/hodnoty

3-5x tydné (u doméciho rezimu Ize postupné

Frekvence sméfovat k vétsiné dni v tydnu).

Trénink prevazné mezi VT1-VT2 (stiedni
intenzita). Intervaly > VT2 jen u vhodnych/
stabilnich pacient(.

%HRR 40-70 % (stfedni); u pokrocilych

Intenzita - CPET

e s
9 Alternativné % HR__ 50-85 %.
Intenzita - Borg (6-20): 11-14 stfedni; 13-16 vyssi
subjektivné stfedni-vysoka.
Krétké, jednoduché véty = stfedni intenzita
Intenzita - (~ kolem VT1 - < VT2);
talk test plynulad konverzace = nizks;
neschopnost dokondit kratké véty = nad VT2.
Specidlni Pfi ischemickém prahu: cilova
pravidlo TF > 10 tepUd/min pod anginéznim prahem.
Start 20-30 min (Ize délit do 10minutovych
Trvani blok() — cilové 30-60 min na jednotku.

Zahtivani a zklidnéni 5-10 min.

Chuze, bicykl/ergometr, elipticky trenazer,
Typ plavani; voliteIné nordic walking, krokomet-
rie/monitorovéni krokd.

Nejprve navysovat trvani/frekvenci, teprve
poté intenzitu. Bez novych symptomu
pridavat ~5-10 % kazdé 2-4 tydny.

Progrese

CPET - spiroergometrie; HR o = dosazend maximalni srde¢ni
frekvence pfi zatéZovém testu; HRR - rezerva srdecni frekvence;
KVR - kardiovaskularni rehabilitace; RPE - subjektivni hodnoceni
namahy podle Borgovy 3kaly; TF - tepové frekvence; VO, -

vrcholova spotreba kysliku; VT1/VT2 - ventila¢ni prah 1 a 2.
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chronotropni odpovéd a mohou vést k nespravnému na-
staveni intenzity zatéZe. Trvani vyjadfuje délku jednotlivé
cvicebni jednotky, typ odkazuje na konkrétni formu akti-
vity (napf. chlize, cyklistika), a progrese by méla probihat
systematicky: nejdiive zvySovat trvani/frekvenci, teprve
nasledné intenzitu.>® Souhrn praktické aplikace principu
FITT-P vcetné doporucenych intenzit a progrese je uveden
v tabulce 4.

Zahajeni cviceni by mélo byt konzervativni, zejména
u osob s vy$sim rizikem komplikaci. Dulezitou soucasti
programu by mélo byt i planovani odpocinku a regene-
race mezi tréninkovymi jednotkami, coZz umoznuje adap-
taci a snizuje riziko pretizeni.®® Efektivni Ffizeni progrese
cvi¢eni by mélo vychazet z pravideIného monitoringu kli-
nického stavu a tolerance zatéze.>®¢' Pokud nedochazi ke
zhordeni symptomU, mUze byt zatéz postupné zvySovana,
typicky o ~5-10 % kazdé 2-4 tydny.®? Pfi spravné nastave-
né progresi dochazi k pribéznému zvysovani kardiopul-
mondlni zdatnosti a aerobni kapacity. Pokud progresivni
navySovani zatéze chybi, adaptace organismu stagnuje
a dalsi zlepSovani zdatnosti se zastavuje.

Kontinualni versus intervalova metoda cviceni

V rdmci predpisu PA a cviceni se nejcastéji vyuzivaji dvé
zadkladni metody aerobniho tréninku, a to kontinualni
trénink o stfedni intenzité (MICT) a intervalovy trénink
o vysoké intenzité (HIIT). Kontinudlni forma predstavu-
je souvislou fyzickou aktivitu (napf. chlize nebo jizda na
rotopedu) po dobu 30-60 minut v rovnhomérné intenzité.
Oproti tomu HIIT kombinuje kratké useky intenzivni za-
téze (napr. 85-90 % maximalni TF) s obdobimi aktivniho
odpocinku. Obé metody maji své misto v terapii a vybér
by mél reflektovat aktualni stav, zdatnost a preference
pacienta.546>

Z praktického hlediska muGze byt HIIT vyhodnéjsi
u osob, které preferuji kratsi, ale intenzivnéjsi tréninkové
jednotky, jelikoz pfinasi vyraznéjsi zlepseni kardiopulmo-
nalni zdatnosti ve srovnatelném nebo i kratsim case nez
MICT.% Rada metaanalyz ukazuje, Ze HIT mGze byt efek-
tivnéjsi nejen v rozvoji aerobni kapacity, ale také v re-
dukci diastolického tlaku a zlepseni endotelidlni funkce,
a to i u pacientl po AIM nebo se srde¢nim selhanim.5:68
Dullezité viak je, aby byl HIIT dobfe strukturovany, s jasné
stanovenymi intervaly, pauzami a trvanim celé cvicebni
jednotky. V praxi se ¢asto vyuZzivaji protokoly 4x4 minuty
vysoké intenzity prokladané tfiminutovym aktivnim od-
pocinkem, provadéné 2-3x tydné po dobu 8-12 tydnu.586°

MICT zUstava osvédcenou a bezpecnou volbou zejmé-
na pro pacienty ve vy$$im riziku nebo s nizsi zdatnosti,
ktefi nemuseji byt schopni zvladnout intervalovou for-
mu.®® | tato metoda vede k vyznamnym zlepsenim vy-
konnosti a snizeni krevniho tlaku. Pro Uplnost je vhodné
zminit také intervalovy trénink o nizké intenzité, ktery se
vyuziva u pacientl s pokrocilym srde¢nim selhdnim nebo
vyraznou dekondici.”® Navic se ukazuje, Ze stfedné inten-
zivni intervalovy trénink, tedy intervalovy pfistup s mir-
néjsi intenzitou muze byt vhodnym mezistupném pro
osoby s nizkou motivaci ¢i intoleranci k vysoké zatézi.”

PrestoZe HIIT muUze prinést o néco vyssi zlepseni zdat-
nosti nez MICT, zvySené riziko opakovanych témér ma-

ximalnich zatézovych fazi u jedincl s dokumentovanou
nebo suspektni ICHS naznacuje, Ze jeho zafazeni by mélo
byt uvazlivé, a v prostfedi bez odborného dohledu do-
konce kontraindikované.” Vybér metody by mél byt vzdy
individualizovdn s ohledem na celkovou toleranci pacien-
ta k fyzické zatézi, jeho moznosti a dlouhodobou udrzi-
telnost tréninkového rezimu.

Role odporového tréninku,
flexibility a rovnovahy

Vedle aerobniho cviceni by mél komplexni rehabilitacni
program zahrnovat také pravidelny odporovy trénink,
trénink flexibility a rovnovahy, zejména u starsich paci-
entd. Odporovy trénink je zasadni pro zlepseni svalové
sily, fyzické funkce a kvality Zivota. Doporucuje se pro-
vadét 2-3krat tydné, v 1-3 sériich po 8-12 opakovanich,
s intenzitou zatéze 60-80 % maxima pro jedno opakové-
ni (1 RM), pfi¢emz u pacientd s vy3sim rizikem je vhodna
nizsi intenzita v rozmezi 30-40 % 1 RM. Cviceni by mélo
zahrnovat 8-10 raznych cvikd na hlavni svalové skupiny
hornich i dolnich koncetin. Zpocatku je dilezité klast du-
raz na spravnou techniku provedeni a postupnou adap-
taci pohybového aparatu, intenzita maze byt postupné
navySovana dle tolerance pacienta. Dynamické formy
odporového cviceni (napf. elastické pasy, volné cinky,
stroje) jsou preferovany pred izometrickymi cviky kvuli
mensimu riziku nezadoucich vykyvl krevniho tlaku. Do-
porucena rychlost provedeni je 1-2 sekundy koncentrické
faze a 2-3 sekundy excentrické faze s prestdvkami mezi
sériemi 60-90 sekund.”273

Trénink flexibility a rovnovahy by mél byt nedilnou
soucasti rehabilita¢niho programu u starSich jedinca.
Zlepseni flexibility pomaha predchazet muskuloskeletal-
nim poranénim, zatimco trénink rovnovahy a koordinace
je klicovy pro prevenci padd, zlepsuje posturalni stabilitu
a pozitivné ovliviiuje kvalitu Zivota i prognézu. Efektivni
mohou byt cviky provadéné jak ve statickych, tak v dyna-
mickych pozicich, napf. stoje na jedné noze, tandemovy
stoj nebo dynamické cviky na nestabilnich plochach.”74

Optimalni struktura jedné cvicebni jednotky by méla
obsahovat Uvodni zahrati (5-10 minut lehké aerobni
aktivity a dynamicky strecink), hlavni ¢ast (20-40 minut
aerobniho nebo intervalového tréninku a/nebo odporo-
vého tréninku) a zavére¢né zklidnéni (5-10 minut niz-
kointenzivni aktivity nasledované statickym strecinkem
a relaxaci). IndividudIné Ize do jednotky pravidelné za-
fazovat také cvi¢eni na rozvoj rovnovahy a flexibility dle
potfeb konkrétniho pacienta. Takto komplexni pfistup
zajistuje nejen maximalni zdravotni benefity, ale i bez-
pecnost, motivaci a dlouhodobou udrzitelnost programu
u pacientd s KVO.”

Role denniho poctu krokt

Vzhledem k rostouci dostupnosti nositelnych zafizeni,
jako jsou fitness naramky nebo chytré telefony, se sle-
dovani denniho poctu krokt stalo snadno uchopitelnym
a motivujicim nastrojem pro podporu pohybové aktivity.
Pro mnoho pacientt predstavuji kroky konkrétni a srozu-
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mitelny ukazatel, ktery jim pomdaha udrzovat aktivni Zi-
votni styl mimo strukturované cvi¢ebni programy.’ | kdyz
tradi¢ni doporuceni 10 000 krokd denné nema pevny vé-
decky zaklad,”” vyzkumy potvrzuji, Ze jiz 7 000 krok’ den-
né je spojeno s vyznamnym snizenim rizika prfed¢asného
umrti a kardiovaskuldrnich prihod, zejména u starsich
0sob.787°

Z pohledu praktické aplikace se doporucuje predevsim
individualizovany pfistup, kdy cilem neni nutné dosah-
nout vysokého poctu krokd, ale spiSe pravidelného navy-
sovani oproti vychozi urovni. Naptiklad zvyseni denniho
poctu krokd o 2 000 mize vést k 8-10% snizeni ro¢niho
rizika kardiovaskularnich pfihod. Dosazeni 6 000-8 000
krokl denné pak byva spojeno s az 50% snizenim rizika
kardiovaskularnich onemocnéni ve srovnani s velmi niz-
kou aktivitou (~2 000 krokl denné).”” Kvalita aktivity je
pritom rovnéz dalezitd, rychlost chiize mlize mit nezavisly
vliv na zdravotni pfinosy.®°

Pro pacienty v KVR, zejména ty méné zdatné nebo
starsi, predstavuje sledovani krokG prakticky nastroj ke
zvyseni motivace. Je snadno aplikovatelny i v domacim
prostfedi a mize byt vhodnym doplrikem k planovanym
tréninkovym jednotkam.?'-8 Zaroven vsak nelze opomi-
jet jeho limity, krokoméry nezachyti aktivity bez kroko-
vého pohybu (napf. jizda na rotopedu nebo posilovani)
a neposkytuji informaci o intenzité. Pfesto mohou byt
vybornym startovacim bodem pro dosud sedavé jedince,
u nichZz i maly narust denni aktivity znamena vyznamny
zdravotni prinos.®

Rizika pohybové aktivity a extrémniho cviceni
pro kardiovaskularni zdravi

PrestoZze pfinosy pravidelné PA pro kardiovaskularni
zdravi jsou dobre prokdazany, je dulezité upozornit také
na mozna rizika, kterd mohou nastat zejména pfi nepfi-
mérené intenzivnim nebo ndhle zahajeném cviceni. Nej-
¢astéjsim rizikem PA je muskuloskeletalni poranéni, aviak
pfi neobvykle vysoké zatézi mize u predisponovanych je-
dinct dojit i k zavaznym kardiovaskularnim komplikacim,
jako je AIM, maligni arytmie nebo nahla srde¢ni smrt.858
Riziko téchto prihod je vyrazné vyssi u osob, které jsou
dlouhodobé fyzicky neaktivni a nahle zahdji intenzivni
cviceni.®” Proto je doporuceno u zacatecnikl zahajovat
pohybovy rezim napfiklad pomalou chlzi (2-3 METs),
s postupnym zvySovanim intenzity v horizontu 2-4 mési-
cl, pfi zachovani bezpriznakového stavu.®

Zavazné kardidlni pfihody pfi cviceni jsou vzacné, ze-
jména pokud je aktivita sprdvné indikovana a dohliZena.
Bezpecnost modernich program( KVR je velmi vysoka vy-
skyt zdvaznych nezddoucich pfihod pfiblizné 1 na 53 000
hodin cviceni, vyskyt nahlé smrti pak 1 na 750 000 ho-
din.®% Pfesto by méli byt pacienti s vyssim rizikem kom-
plikaci peclivé monitorovani a cviceni by mélo byt zahé-
jeno pod odbornym dohledem. Dlsledna individualizace
programu a pozvolny nabéh zatéze jsou klicem k minima-
lizaci rizik a zajisténi bezpecnosti.

Pri extrémnich objemech a intenzitach cviceni — typicky
u vrcholovych ¢i vytrvalostnich sportovcld — jde o kumula-
tivni tréninkové davky mnohondsobné prevysujici bézné
déavky u pacientl v KVR.*' Fenotyp tzv. sportovniho srdce

(athlete’s heart) zahrnuje prevdzné fyziologické adapta-
ce na dlouhodobou vytrvalostni zatéZ a vymezuje hranici
mezi fyziologii a patologii; podrobné viz aktualni pre-
hled.®2

V této populaci se popisuje vyssi vyskyt fibrilace sini,
zejména u muzu; souvislost s remodelaci levé siné a zmé-
nami funkce siné podporuji jak pfehledovd, tak longitu-
dinalni zobrazovaci data.”"** Dale byly popsany nalezy
vyssiho stupné kalcifikace koronarnich tepen (CAC) nebo
remodelace pravé komory u geneticky predisponovanych
jedincd.®*%¢ Otdzka ,vyssiho CAC u vytrvalcl” je vsak
z hlediska interpretace komplexni (vék, slozeni platd, se-
lekce, rozdilnd prognostickd hodnota kalcifikovanych vs.
meékkych platd) a nelze ji zjednodusit na , vice CAC = vys-
Si riziko”.** Fyziologickou remodelaci pfi dlouhodobém
vytrvalostnim tréninku popisuji Arbab-Zadeh a spol.,*
zatimco u geneticky predisponovanych jedincd muze vy-
soky objem zatéze urychlit fenotyp arytmogenni kardio-
myopatie.?® Recentni studie zjistila vyskyt fokdlni neische-
mické fibrézy myokardu u témér poloviny vytrvalostnich
sportovcl a u vice nez pétiny vyskyt komorovych arytmii
béhem dlouhodobého sledovani; zmény postihovaly pre-
vazné bazalni inferolaterdlni segment levé komory dle
kardiovaskularni magnetické rezonance;* nové zobrazo-
vaci data tento obraz déle potvrzuji.*’

Nelze tedy uzavirat, Ze , pfi zachované dostatecné ae-
robni kapacité” je riziko zavaznych pfihod minimalni -
komplikace byly popsany i u sportovcl se supranormal-
nim VO, .>>* Zavéry z populace vrcholovych sportovci
navic nelze pfimo prendset na pacienty v KVR s vyrazné
nizsimi tréninkovymi davkami; klicové je individudlni po-
souzeni rizika, sdilené rozhodovani a adekvatni klinické
sledovani.*!

Domaci pohybova aktivita
a cviceni vedené na dalku

Domadci PA a rehabilitace vedend na déalku predstavuji
efektivni a flexibilni alternativu pro pacienty, ktefi nemo-
hou pravidelné dochdazet do rehabilitacniho centra.®®®
V rdmci domdacich programd se obvykle vyuzivd poca-
te¢ni edukace, na kterou navazuje strukturované cvicenfi
s podporou formou telefonickych nebo digitalnich kon-
zultaci.’® Vyzkumy ukazuji, Ze domaci programy vyrazné
prodluzuji dobu trvani PA a mohou vést ke srovnatelné-
mu zlep3$eni aerobni kapacity jako programy ambulantni,
zvlasté pokud jsou dobie monitorovany a zahrnuji prv-
ky edukace, monitoringu a behavioralni podpory.'°"10
Prakticky Ize domdci cviceni doporucit napfiklad formou
pravidelné chuze, jizdy na rotopedu nebo jednoduchych
posilovacich cvikt, pficemz vyhodou je moznost pfizpu-
sobeni individudlnim ¢asovym a prostorovym moznostem
pacienta.®

Rozvoj digitalnich technologii umoznil vznik tzv. tele-
rehabilitace, tedy cvi¢eni na dalku s vyuzitim mobilnich
aplikaci, videokonzultaci a nositelnych zafizeni." V pra-
xi se uplatiiuje bud synchronni rezim (napf. videohovor
v redlném case), nebo asynchronni rezim, kdy pacient
vykondva cviceni samostatné a data (tepova frekvence,
tlak, aktivita) odesild k pozdéjSimu vyhodnoceni.'® K nej-
¢astéjsim nastrojam digitalnich technologii (tabulka 5)
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Tabulka 5 - Technologie pro domaci cviceni a KVR vedenou na dalku

Kategorie technologie Konkrétni priklady

Telemedicina / telehealth

Nositelnd zatizeni (wearables) a senzory
monitory TF

Aplikacni portaly a mobilni aplikace
rozhrani

Asynchronni délkova spréva
zaznamy aktivit

Digitalni zdravotnické pristroje

Uméld inteligence a analyza dat

Elektronicka zdravotni dokumentace

Videohovory, telefonni konzultace
Fitness naramky, chytré hodinky,
Mobilni zdravotni aplikace, webové
Textové zprdvy, e-mail, samostatné

Digitalni tlakoméry, véhy, glukometry

Algoritmy pro sledovani trendu a rizik

Propojeni EHR se zafizenim

Moznosti vyuziti a monitoringu

Vzdalené vedeni a edukace, intervence
v realném case

Monitoring TF, rytmu, aktivity, VO,,
spanku, variability TF

Zéaznam cviceni, pfipominky, sledovani
rezimu, edukace

Zpétna vazba mimo reélny cas, motivace
a adherence

Méreni TK, hmotnosti, glykemie, saturace O,

Podpora klinického rozhodovani, predikce
zatézové tolerance

Integrace dat do klinického systému, prehled
o pokroku

EHR - elektronické zdravotni dokumentace (electronic health record); TF - tepova frekvence; TK - krevni tlak; VO, - spotieba kysliku.

patfi chytré hodinky, aplikace na sledovani krokl nebo
srde¢niho rytmu, domaci tlakomeéry ¢i vahy. Tyto néstroje
mohou pomoci bezpecné vést komplexni preventivni pro-
gram i u pacientd se zvysenym rizikem. DulezZité je, aby
byl pacient sprdvné edukovdn a motivovan k pravidelné-
mu zaznamenavani a odesilani dat, idealné s technickou
podporou a pravidelnou zpétnou vazbou.

PrestoZe vyhody domaci a distancni KVR jsou nesporné
(lepsi dostupnost, nizsi naklady, vyssi adherence) existuji
i vyzvy, zejména u starsich pacientl nebo osob s nizkou
digitalni gramotnosti.'% ' Pro tyto skupiny je vhodné vo-
lit jednoduché technologie nebo zapojit rodinné pfislus-
niky do asistence. Zaroven je tfeba dbat na bezpecnost,
zejména u pacientl s vyssim rizikem by mélo byt doméci
cviceni zahajeno az po duakladném vstupnim screeningu
a pod dohledem odbornika. Hybridni modely (kombina-
ce domaciho a ambulantniho cvi¢eni) pfedstavuji vhodny
kompromis a mohou byt cestou k Sirsi implementaci indi-
vidualizované a dlouhodobé udrzitelné KVR.3"108

Zavér

PA a cviceni predstavuji zasadni, efektivni a dostupny na-
stroj primarni i sekundarni prevence ICHS, jehoZ vyznam
je jednoznacné podporen soucasnymi odbornymi dopo-
ru¢enimi. Pro optimalni implementaci v klinické praxi je
nezbytné vcas identifikovat pacienty v riziku a nabid-
nout jim strukturované programy pohybové intervence,
respektujici individudlni klinicky stav, fyzickou zdatnost,
osobni preference a psychosocialni kontext. Klicovou roli
pfitom hraje dikladny vstupni screening. PFi preskripci
cviceni by méla byt dodrzena postupna progrese a indivi-
dualizovany pfistup s vyuzitim principt FITT-P za soucas-
ného kontinualniho monitorovani reakci pacienta. Dlraz
je tfeba klast na bezpecnost, zejména u pacientl s doku-
mentovanym ¢i suspektnim KVO.

Domaci formy KVR a digitalni technologie predstavuji
ucinné nastroje pro prekondvani bariér v Ucasti na reha-
bilitaci a zvySuji adherenci a dostupnost pohybovych in-
tervenci Sirokému spektru pacientd, véetné téch, ktefi ne-

mohou pravidelné dochdzet do specializovanych center.
Vyuziti denniho poctu krokl jako jednoduchého a srozu-
mitelného ukazatele fyzické aktivity mdze slouzit jako vy-
znamny motivacni prvek, zejména u starSich nebo méné
fyzicky zdatnych pacientl. Lékari a rehabilita¢ni specia-
listé by méli aktivné podporovat zvySovani pohybové ak-
tivity pacientl jiz od nizkych vychozich urovni, protoze
i malé zmény maji vyznamny pozitivni zdravotni dopad.

Integrace PA do bézné klinické praxe vyZzaduje multi-
disciplinarni pfistup, kontinudIni edukaci pacientt i zdra-
votnickych pracovnikl a aktivni zapojeni modernich tech-
nologii. Takto pojata strategie mUze vyznamné pfispét
ke snizeni morbidity a mortality spojené s ICHS a zdsadné
zlepsit progndzu i kvalitu zivota pacientd.

Prohlaseni autorti o mozném stfetu zajmu
Autofi nejsou ve stfetu zajmu.

Financovani

Realizace vyzkumu byla podporena Ministerstvem zdra-
votnictvi Ceské republiky — koncepéni rozvoj vyzkumné
organizace (FNBr, 65269705).

Prohlaseni autorti o etickych aspektech publikace

Tato prace je prehledovy ¢lanek. Nepracuje s individualni-
mi daty pacientl ani neobsahuje intervenci; souhlas etic-
ké komise nebyl vyzadovan.
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Ciel® Klippelov-Trénaunayov syndrém (KTS) je zriedkava kombinovana cievna malformacia spojena s nad-
mernym rastom koncatiny. Cielom tejto prehladovej prace je zhrnut sicasné poznatky o predpokladanej
etioldgii, najcastejsich anomaliach spojenych s KTS, diagnostickom pristupe a liecebnych stratégiach.
Metody: V obdobi od januédra do maja 2025 bola vykonand analyza literatury s vyuzitim databaz PubMed
a Google Scholar so zameranim na klt¢ové pojmy Klippelov-Trénaunayov syndréom a PIK3CA-related over-
growth spectrum (PROS).
Zaver: KTS sa prejavuje ako subor vrodenych malformécii postihujucich koncatinu a typicky postihuje jed-
nostranne dolnu koncatinu. Je dosledkom postzygotnej aktivacnej mutécie v géne PIK3CA, ktord vedie
k nadmernej aktivacii signalnej drahy PI3K~AKT-mTOR. Klinicky obraz je variabilny, od miernych foriem
az po zéavazné ochorenie s postihnutim visceralnych orgdnov a trombohemoragickymi komplikaciami.
Preferovanou zobrazovacou metédou na postudenie rozsahu cievnych malformacii a postihnutia tkaniv je
MR angiografia. Lie¢ba KTS si ¢asto vyzaduje multidisciplindrny pristup. V roku 2022 FDA schvalila alpelisib
ako systémovu liecebni moznost pre pacientov s tazkymi formami KTS.

© 2025, CKS.

ABSTRACT

Objective: Klippel-Trénaunay syndrome (KTS) is a combined slow-flow vascular malformation associated
with excessive growth of limbs. The aim of this review is to summarize the knowledge about the presumed
etiology, the most common anomalies associated with KTS, the diagnostic approach, and the treatment
strategies.

Methods: A literature search was conducted between January and May 2025 using PubMed and Google
Scholar databases, focusing on terms such as Klippel-Trénaunay syndrome and PIK3CA-related overgrowth
spectrum (PROS).

Conclusions: KTS manifests as a cluster of congenital malformations affecting the limb and typically affects
the lower extremity unilaterally. It results from a postzygotic activating mutation in the PIK3CA gene which
leads to overactivation of the PI3K-AKT-mTOR signaling pathway. The clinical presentation is variable, ran-
ging from mild forms to severe disease with the visceral organ involvement and thrombo-hemorrhagic com-
plications. MRI-angiography is the preferred imaging modality to assess the extent of vascular malforma-
tions and tissue involvement. Management of KTS often requires a multidisciplinary approach. In 2022, the
FDA approved alpelisib as a systemic treatment option for patients with severe forms of KTS.
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Introduction

Although Klippel-Trénaunay syndrome (KTS) has been
known since 1832, it was first described as a distinct clini-
cal entity in 1900 by the French physicians Maurice Klippel
and Paul Trénaunay.'? The clinical diagnosis of KTS is ba-
sed on the characteristic triad of capillary malformation,
venous malformation (unilateral, extensive veins), and
segmental overgrowth, which most commonly occur in
the lower extremity.> Many patients also have lymphatic
malformations. Although clear diagnostic criteria are lac-
king, the presence of two of the three typical symptoms
is required for the diagnosis.*> Vascular malformations
and overgrowth may involve the gastrointestinal tract,
bladder, kidney, spleen, liver, and mediastinum.® Visceral
organ involvement is likely when the capillary malforma-
tion extends to the abdomen and trunk. It is thought to
affect both men and women equally without racial pre-
disposition.” The prevalence of KTS is low, mild forms are
probably underreported and its estimated incidence ran-
ges from 1 to 5 per 100,000 individuals.?®

Pathophysiology of Klippel-Trénaunay
syndrome

KTS belongs to the PIK3CA-related overgrowth spectrum
(PROS), a group of rare congenital disorders characteri-
zed by segmental or lateralized overgrowth of various
tissues and anatomical regions. These conditions share
a mosaic, postzygotic, somatic gain-of-function mutation
in the PIK3CA gene, which arose during embryogenesis
and fetal development.'®"

The PIK3CA gene encodes the p110a catalytic subunit
of class | phosphatidylinositol-3-kinase (PI13K), which has
a role in cellular processes such as proliferation, motility,
invasion, and death through its involvement in the PI3K/
protein kinase B (AKT)/mammalian target of rapamycin
(mTOR) pathway. This mutation leads to activation of
the PI3K signaling cascade, including downstream effec-
tors such as AKT and mTOR.3'%1214 Experimental studies
using animal models have demonstrated that activating
mutations in PIK3CA gene are associated with hyperplas-
tic vasculature, increased endothelial cell proliferation,
enhanced angiogenesis, spontaneous hemorrhage, and
pronounced phenotypic anomalies.™

Cells that arise from a mutated cell carry the mutation,
resulting in mosaicism (an organism has cells with differ-
ent genetic content). Different distribution of healthy
and pathological cells in tissues leads to variable pheno-
typic expression. The presence of a somatic mutation does
not confer disease risk to the offspring of the patient.'®

Increased expression of the AGGFT gene (angiogenic
factor with G patch and FHA domains 1) has also been
documented in individuals with KTS. Overexpression of
the AGGFT gene enhances angiogenesis through phos-
phorylation of the p110a catalytic subunit and the p85a
regulatory subunit of the PI3K."%"7 In addition, sporadic
chromosomal translocations between chromosomes 5
and 11 and 8 and 14 have been reported as other, less
common genetic events potentially involved in KTS
pathogenesis.'®

Slow-flow vascular malformations

in Klippel-Trénaunay syndrome

According to the International Society for the Study of
Vascular Anomalies classification, KTS is characterized
by the presence of capillary malformation, venous mal-
formation, and limb overgrowth with/without lymphatic
malformation.” In a study including 252 patients with
KTS conducted at the Mayo Clinic in Rochester, all three
characteristics were observed in 63% of cases, while 37%
of patients showed two of these features.?’ Unilateral lo-
wer limb involvement was described in 71% of cases in
the study conducted by Alwalid et al., and bilateral but
asymmetric lower limb involvement was described in the
remaining 29% of cases.® The upper limbs are less fre-
quently affected. KTS is a trunkal vascular malformation,
therefore it does not have the ability to proliferate after
removal.?

Capillary malformations (nevus flammeus) are usually
present at birth (Figs 1-3). This lesion consists of a flat,
well-circumscribed, pink, red, or purple patches resem-
bling a map-like distribution, referred to as a port wine
stains. It occurs in 98% of patients and often is the first
clinical manifestation of KTS.2° The lesions tend to grow
proportionally with the child. Its proximal extension in
the gluteal region, pelvis, and abdominal wall is associ-
ated with a risk of visceral vascular and organ involve-
ment.>2?

Venous malformations occur in 70-100% of patients
and most commonly manifest as dilated veins.® Both the
superficial and deep venous systems may be affected,

Fig. 1 - Capillary malformation (nevus flammeus) of left leg and
toes (yellow arrow), longer left leg in child with KTS (archive of
the VUSCH).
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Fig. 2 - Capillary malformation (nevus flammeus) (yellow arrow) in
a patient with KTS (archive of the VUSCH).

Fig. 3 - Macrodactyly of the index finger and middle finger of
the left hand in patients with KTS (archive of the VUSCH).

with manifestations ranging from small vein ectasia to
persistent embryonic veins, and extensive venous mal-
formations. Large embryonic veins may be present in
17-72% of patients.?' These anomalous veins include the
sciatic vein, the lateral marginal vein, gluteal and pelvic-
retroperitoneal venous malformations. Approximately
17-56% of patients with KTS have a lateral marginal
vein, also known as the vein of Servelle or the vein of
Klippel-Trénaunay. It arises from the metatarsal region,
is located on the lateral part of the calf and thigh, enters

the deep venous system at various anatomical levels and
is frequently associated with deep venous hypoplasia or
aplasia.’ It communicates via large perforators with the
deep and superficial veins and may divide into multiple
channels.

The persistent sciatic vein, present in almost 50% of
patients, starts at the level of knee, follows the anatomi-
cal course of the sciatic nerve and terminates into inter-
nal iliac vein.?>?* Avalvular dilated embryonic veins with
abnormal thin-walled structure, are a source of venous
reflux, subsequent venous insufficiency, and a source of
intravascular coagulation.®

The deep venous system is often dysplastic with ab-
normalities including agenesis, atresia, hypoplasia, du-
plication, valvular insufficiency, stenosis, ectasia, and an-
eurysmal dilatation."™ Deep vein hypoplasia/aplasia was
observed in 20% of patients.?' Popliteal vein was affected
in 51% of cases, superficial femoral vein in 16% of cases,
both in 29% of cases, iliac veins in 3% of cases and infe-
rior cava vein in 1% of cases.?® Venous return from the
limb is often diverted from the smaller, underdeveloped
deep venous system into anomalous valveless veins that
function as a collateral compensatory venous drainage
system.

The prevalence of lymphatic malformations in the
study conducted by Liu et al. was comparable to the
prevalence of venous malformations.? In this study, lym-
phatic hypoplasia and aplasia were identified in 64% of
patients, while lymphatic hyperplasia was observed in
36% of patients. Lymph node abnormalities, including
hyperplasia, hypoplasia, or aplasia, were present in 71%
of cases. Patients with lymphatic hyperplasia may have
concomitant lymph node aplasia, whereas individuals
with normal lymph nodes may have hypoplasia or aplasia
of superficial lymphatic vessels.?

Primary lymphedema worsens chronic venous insuffi-
ciency, contributes to limb swelling, overgrowth, and in-
creases the risk of elephantiasis, erysipelas, cellulitis, and
leg ulcers. Recurrent cellulitis further damages the lym-
phatic system, and leads to progressive lymphedema. The
most common symptoms include pain, swelling, bleeding,
heaviness in the extremities and cosmetic problems.

The frequent coexistence of venous and lymphatic
malformations supports the hypothesis of a close devel-
opmental relationship between these two circulatory sys-
tems and is consistent with the hypothesis that primitive
lymphatic sacs originate from endothelial cells of embry-
onic veins.” Lymphatic malformations, similarly to venous
malformations, could also occur in the pelvis, bladder,
gastrointestinal tract, and in the spleen.®

Hematologic complications

of Klippel-Trénaunay syndrome

Patients with venous malformations are at risk of trom-
botic and bleeding complications. Localized intravascu-
lar coagulopathy (LIC) occurs in approximately 40-60%
of patients with venous malformations and is explained
by blood stasis and degenerative changes in the venous
wall. It is characterized by elevated D-dimers, and in seve-
re forms with low fibrinogen levels.?’?® Elevated D-dimers
are seen in 42-58% of patients, and hypofibrinogenemia
is present in 6-10% of patients.?’
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LIC may be chronic and asymptomatic; however, if
symptomatic, it may cause swelling and pain due to throm-
bosis or bleeding within the malformation.?” Over time, in-
tralesional thrombi develop into phleboliths (intraluminal
calcified thrombi or focal calcifications of the vein wall),
which may be palpable as hard nodules.?” LIC carries a risk
venous thromboembolism (VTE) which has been reported
in 8-30% of patients with KTS. The presence of a lateral
marginal vein 2.7-fold increases the risk of VTE.?”?® Other
factors that increase the risk of VTE include venous ectasia,
previous thrombosis, thrombophilic states, and a recent
history of surgical or endovascular procedures.

Risk factors (trauma, surgical or endovascular procedures,
infection, immobilization, pregnancy) can cause LIC pro-
gression to disseminated intravascular coagulation (DIC).26%
Structural abnormalities of the venous wall and venous
hypertension further increase the bleeding risk. Bleeding
most commonly occurs in the gastrointestinal and urogeni-
tal tracts, but depending on the anatomical location of the
KTS, bleeding may also occur in other visceral organs.

Tissue overgrowth and visceral involvement

The most variable feature of KTS is excessive growth of
the affected limb due to hypertrophy of soft tissues and/
or bones, which occurs in 67-100% of patients.2%? Hy-
pertrophy may be isolated, e.g. macrodactyly, but the en-
tire lower limb could be affected. Polydactyly, clinodacty-
ly, syndactyly, camptodactyly, and ectrodactyly were also
described.’™ The limb increases in width and length.232?
Limb differences are variable, but after the growth plates
close, the bone does not grow in length. Overgrowth may
lead to secondary problems such as early arthritis, con-
tractures, stiff joint, joint instability, gait disturbances,
spinal stenosis, muscle atrophy and scoliosis.3* Orthopedic
manifestations occur in almost two thirds of patients.?'
In the analysis conducted by Schoch et al. which included
410 patients with KTS, 84% of patients had a limb length
discrepancy, 10% angular limb deformity, 9% scoliosis,
7% osteopenia/osteoporosis, 6% pathological fracture,
and 5% had a contracture.?

The progression of limb hypertrophy/overgrowth is
deteriorating by chronic venous insufficiency and lymph-
edema therefore it is difficult to predict it. Tissue hyper-
trophy/overgrowth could occur in the pelvic, gluteal, and
abdominal regions. Maxillary and mandibular involve-
ment in cases of upper limb involvement has also been
described.?

Gastrointestinal involvement is present in approxi-
mately 20% of patients with lower extremity venous mal-
formation. “Hemorrhoids” can be the tip of the iceberg of
gastrointestinal manifestation.?* Bleeding from gastroin-
testinal venous malformations can be mild or occult (e.g.
from perianal lymphatic vesicles), but cases of fatal intra-
abdominal bleeding have been documented.>26323334

The pathophysiology of complications differs in the
anorectal and anorectosigmoid regions. In the anorec-
tal region, blood from venous malformations drains to
the internal iliac vein. Venous malformations in this re-
gion may present with enterorrhagia, as well as LIC with
phlebolith formation.

In anorectosigmoid venous malformations, blood
drains into the internal iliac vein, superior rectal vein, and

inferior mesenteric vein. Stasis and venous hypertension
in these veins, in addition to the complications mentioned
above, increase the risk of portal vein thrombosis, portal
hypertension, gastroesophageal varices, and ascites.

In the urogenital tract KTS may manifest as cryptor-
chidism, phimosis, megaureter, penile hypertrophy/de-
formity, scrotal overgrowth, megauterus, unilateral renal
hypertrophy, and bladder wall thickening.®? Hematuria
has been reported in 1% of patients and it may origi-
nate from the bladder, urethra, and kidneys.?*3* Uterine
venous malformations may cause menorrhagia.*® Splenic
lesions may present with multifocal or diffuse lymphatic
malformations and splenomegaly. Intestinal lymphangi-
ectasia may cause protein-losing enteropathy.

Diagnosis of Klippel-Trénaunay syndrome

Diagnosis is based on history, physical signs and sym-
ptoms.® The length and circumference of the affected
limb, hand, and foot should be measured at each exa-
mination. Plain radiograph is used for evaluation and fo-
llow-up of limb length discrepancy, bone abnormalities
such as scoliosis, joint dislocation and it can show phle-
bolits which are pathognomic for venous malformations.®
Ultrasonography is used to diagnose superficial and deep
vein involvement. Patients with recurrent thromboses
and LIC should be examined by echocardiography for
the presence of pulmonary hypertension. MRI-angiogra-
phy is the examination of first choice for visceral venous
malformations and tissue hypertrophy; if unavailable,
CT-angiography is used (Figs 4-8).° Lymphoscintigraphy
is used to diagnose lymphatic malformation. Depending

Fig. 4 - CT-angiography of patient with KTS. Phlebolits in venous
malformations in the rectum (red arrow), megacava with diameter
of 35.6 mm (yellow arrow), hypertrophy of the right gluteal region
(archive of the VUSCH).
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Fig. 5 - CT-angiography of a patient with KTS. Phlebolits in venous
malformations in bladder (yellow arrow) and in venous malforma-
tions of the intestine (red arrow) (archive of the VUSCH).

on the affected organs and complications, further exa-
minations are indicated (dermatological, urological exa-
mination, and cystoscopy, endoscopic examination of the
gastrointestinal tract, gynaecological examination). If the
diagnosis is not confirmed by clinical examinations, ma-
lignancy is suspected, a biopsy for genetic testing is per-
formed. The biopsy must be performed from overgrown
limb or from the area of vascular malformation. Labora-
tory evaluation includes monitoring of D-dimers, fibrino-
gen, hemoglobin, platelets, prothrombin time, activated
partial thromboplastin time. Normal hemoglobin and
iron levels decrease probability of occult bleeding from
the gastrointestinal or urogenital tract.

General principles of Klippel-Trénaunay
syndrome therapy

Depending on the extent of the disease, treatment is led
by a multidisciplinary team that includes a dermatologist,
gastroenterologist, urologist, orthopedist, angiologist,
vascular surgeon, hematologist, radiologist, and gynae-
cologist. Its goal is to improve the quality of life; a full
recovery is not yet possible.

Patients with symptoms of chronic venous disease and
lymphedema should be treated similarly to patients with
more common forms of these diseases with compres-
sion therapy (graduated compression stockings, e.g. class
[I-11). Compression therapy reduces pain, the risk of su-
perficial thrombophlebitis, ulceration, LIC and slows the
lymphedema progression.?’

Patients should avoid factors that increase thrombotic
risk, such as exogenous estrogens, immobility, smoking,
and obesity. Anticoagulation is individualized and can

Fig. 6 - CT-angiography of a patient with KTS, absence of the right
common iliac vein (green arrow) presence of left common iliac vein
(yellow arrow) (archive of the VUSCH).

Fig. 7 - CT-angiography of a patient with KTS, absence of the right
superficial femoral vein (green arrow), venous malformations in
the posterior part of right thigh (red arrows), left superficial femo-
ral vein (yellow arrow) (archive of the VUSCH).

Fig. 8 - CT-angiography of a patient with KTS. Ectasia of right po-
pliteal vein with diameter of 43.3 mm (green arrow), asymmetrical
soft tissue thickening of the right leg (archive of the VUSCH).
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be prophylactic or therapeutic; short-term, long-term
or lifelong. In high-risk situations (perioperatively, after
trauma, immobilization, pregnancy, postpartum), pro-
phylactic anticoagulation therapy for 1-2 weeks pre- and
2 weeks post-procedural in recommended.

Long-term anticoagulation therapy is used in patients
with persistently elevated D-dimer and decreased fibrin-
ogen, to treat bleeding associated with low fibrinogen
levels, to prevent conversion of LIM to DIC, and in pa-
tients with multiple phleboliths, recurrent thrombosis,
thrombophlebitis, pulmonary embolism, and pulmonary
hypertension.?* Some authors suggest long-term antico-
agulation therapy in all patients with KTS after phlebo-
thrombosis and pulmonary embolism.?? It is not yet cer-
tain whether the efficacy of NOAGCs in LIC is the same as
that of LMWH.%

Treatment of vascular malformations

A collaborative approach among professionals of a mul-
tidisciplinary team is important to provide optimal care
for these patients. Hematologists are involved due to
high thrombosis risk. Dermatologists treat capillary mal-
formations. A variety of vascular-selective lasers may be
employed, with the pulsed dye laser being the most com-
mon and well studied. Vascular experts are required for
chronic venous insufficiency. Removal of superficial veins
in patients with deep vein agenesis/aplasia worsens the
symptomatology and swelling of the legs, therefore, an
examination of the deep vein patency before any invasive
procedure is necessary.

Indications for the treatment of superficial limb ve-
nous malformations are severe symptoms and recurrent
bleeding. Endovascular therapy is the treatment of first
choice and foam sclerotherapy, radiofrequency and laser
thermal ablation are used.?

Vascular surgery (high ligation of persistent embryonic
vein, vein stripping, and stab phlebectomy) is associated
with high recurrence rate, poor wound healing and may
be used in selected patients. The ligation and excision of
large venous lakes are considered futile.??

Treatment of gastrointestinal and rectal bleeding
depends on severity. Patient should be evaluated by
a gastroenterologist and general surgeon. Conserva-
tive treatment including blood transfusion and stool
softeners is possible in spontaneously resolving bleed-
ing.?® In case of recurrent gastrointestinal bleeding,
endoscopic treatment is used for localized lesions, and
surgery when endoscopic treatment fails. Sclerothera-
py is the safe choice for anorectal venous malforma-
tions.?¢ However, it is not suitable for anorectosigmoid
venous malformation, as it increases the risk of acute
portal thrombosis, so surgical treatment is considered
a better option.?

Abnormalities of urogenital tract and hematuria due
to urogenital complications should be evaluated by an
urologist. Mild hematuria may be treated with intrave-
nous hydration and transfusion, however, in the presence
of refractory or life-threatening hematuria, more invasive
treatment such as laser coagulation, selective emboliza-
tion of the internal iliac arteries, cauterization and partial
cystectomy are used.®

Macrocystic lymphatic malformations are treated with
sclerotherapy, lymphatic skin vesicles with CO, laser, large
complex lymphatic malformations with fatty overgrowth
with surgical debulking. Splenomegaly and splenic lesions
usually carry little clinical significance and therefore do
not require intervention. Rarely, massive splenomegaly is
treated with splenectomy.

Early involvement of the orthopaedist is crucial in limb-
length discrepancy to determine the optimal timing of
intervention and to improve limb symmetry. In the study
conducted by Schoch et al., limb length correction by
epiphysiodesis was performed in 62.4% of patients, de-
bulking in 6.8% of patients, and amputation in 32.3% of
patients.?'

Despite multidisciplinary efforts, endovascular and sur-
gical treatment of KTS is not completely curative.” These
treatment modalities treat patients’ symptoms without
affecting the underlying molecular etiology of KTS.3° Af-
ter identification of the underlying cause of PROS in 2012
and genetic definition in 2015, drugs targeting the PI3K
pathway, previously used in the treatment of malignan-
cies, began to be investigated as new therapeutic options
for KTS.73637

The mTOR (mammalian target of rapamycin) inhibitor
sirolimus, is a direct inhibitor of the protein kinase mTOR.
It is used in the prevention of kidney transplant rejec-
tion.?? Sirolimus may stop the progression of vascular mal-
formations, tissue hypertrophy and improve the quality
of life. It could be an alternative treatment for patients
in whom standard therapy is either not efficacious or not
tolerated.?’ Most of its adverse effects are dose-depen-
dent. Headaches, gastrointestinal complaints, elevation
of cholesterol, and triglycerides, stomatitis, bone marrow
suppression, increased risk of infections, impaired wound
healing, and rarely interstitial pneumonia have been de-
scribed.?238

In 2022, the Food and Drug Administration approved
alpelisib for the treatment of PIK3CA disease in patients
who require systemic therapy. Alpelisib is a competitive,
selective inhibitor of the catalytic subunit of PI3K (PI3Ka)
approved for the treatment of advanced or metastatic
breast cancer with a PIK3CA mutation. Treatment with
alpelisib in patients with PROS was well tolerated and
associated with a clinical improvement.” In the EPIK-P1
study, at 24 weeks after treatment initiation, 37.5% of
patients experienced >20% reduction in target lesion vol-
ume, 74% of patients showed reduction in target lesion
volume with a mean reduction of 13.7%, and no patients
experienced disease progression at the time of the pri-
mary analysis.>® Withdrawal of alpelisib resulted in asym-
metric hypertrophy in animal model, suggesting that
continuous administration of alpelisib may be needed.*
Glucose levels should be monitored during treatment as
hyperglycaemia is common. The use of alpelisib in Eu-
rope for KTS is considered off-label, and the European
Medicines Agency does not yet recommend its routine
use in this indication. Other drugs being tested include
serabelisib, a selective PI3K inhibitor, which appears to be
effective and well tolerated.>® The protein kinase B (AKT)
inhibitor miransertib was not shown to be effective in the
MOSAIC trial.3®4" Taselisib, an inhibitor of PI3Ka, PI3Ky,
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and PI3KA isoforms, had a negative safety profile in the
TOTEM study.*

Conclusions

Klippel-Trénaunay syndrome is a complex slow-flow
vascular malformation with excessive growth of the
affected limb due to hypertrophy of soft tissues and/or
bones. The clinical presentation is variable, ranging from
mild forms to severe disease with the visceral organ invol-
vement and thrombo-haemorrhagic complications. The
diagnosis is clinical, and a somatic PIK3CA mutation in
affected tissue confirms Klippel-Trénaunay syndrome. To
determine the venous anatomy of the extremities, duplex
ultrasonography is used. MRl imaging is recommended to
examine the extent of vascular malformations, soft tissue,
joints, muscles, and bone involvements.

Treatment depends on the extent of the disease. In
general, it is aimed at improving chronic venous insuf-
ficiency, lymphedema, and thrombo-hemorrhagic com-
plications. Patients with symptoms of chronic venous
disease should be treated similarly to patients with more
common forms of chronic venous disease, taking into ac-
count the possible agenesis of deep veins. Genetic studies
have opened up the prospect of alternative or comple-
mentary treatments to the current therapies, which ad-
dress the symptoms rather than the underlying cause of
Klippel-Trénaunay syndrome. Alpelisib, a selective PI3Ka
inhibitor, targets the etiology of this syndrome and thus
offers a new therapeutic approach.
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Zda se, ze by pomér neutrofil( a lymfocytl (neutrophil-lymphocyte ratio, NLR) mohl byt slibnym biomar-
kerem u trombdzy hlubokych Zil (deep vein thrombosis, DVT), nebot odrazi spletity vztah mezi zanétem
a trombdzou. Tento prehledovy ¢lanek zkouma dvoji Ulohu NLR jako diagnostického i prognostického na-
stroje pfi |écbé DVT. Soucasné dlikazy ukazuji, ze zvysené hodnoty NLR (> 3,0) tésné koreluji s vyskytem
DVT, jeji zavaznosti a s rizikem recidivy, zvlasté u vysoce rizikovych populaci, jako jsou pacienti po operaci
a pacienti s onkologickym onemocnénim. Z hlediska mechanismu NLR zaznamenéva protrombotické tcinky
neutrofilnich extraceluldrnich pasti (neutrophil extracellular trap, NET) a antitrombotickou regulaci lymfo-
cyty, a umoznuje tak blizsi poznani patogeneze onemocnéni. Pokud se zkombinuje s tradi¢nimi nastroji,
jako jsou Wellsova kritéria, zvySuje NLR z klinického hlediska diagnostickou presnost, a ve specificité pfi DVT
asociované s onkologickym onemocnénim je spolehlivéjsi nez D-dimer. Z hlediska prognézy predikuji hod-
noty NLR > 4,0 nepfiznivéjsi vysledny stav véetné post-trombotického syndromu a kratsiho preziti pacientd
s malignitami. Pres existujici limitace v oblasti standardizace a specificity ¢ini nakladovd ucinnost a bézna
dostupnost z NLR cenny pridatny parametr pfi lé¢bé DVT. V budoucnu se vyzkum musi zaméfit na stanoveni
standardizovanych meznich hodnot a posouzeni vyznamu monitorovéni NLR pfi pouziti antikoagulace.

© 2026, CKS.

ABSTRACT

The neutrophil-lymphocyte ratio (NLR) has emerged as a promising biomarker in deep vein thrombosis
(DVT), reflecting the intricate relationship between inflammation and thrombosis. This literature review
examines NLR's dual role as both a diagnostic and prognostic tool in DVT management. Current evidence
demonstrates that elevated NLR (>3.0) correlates strongly with DVT occurrence, severity, and recurrence risk,
particularly in high-risk populations such as postoperative and cancer patients. Mechanistically, NLR captu-
res the pro-thrombotic effects of neutrophil extracellular traps (NETs) and the anti-thrombotic regulation
by lymphocytes, offering insights into disease pathogenesis. Clinically, NLR enhances diagnostic accuracy
when combined with traditional tools like Wells' criteria and outperforms D-dimer in specificity for cancer-
-associated DVT. Prognostically, NLR >4.0 predicts poorer outcomes including post-thrombotic syndrome and
reduced survival in malignancy. While limitations exist regarding standardization and specificity, NLR’s cost-
-effectiveness and routine availability position it as a valuable adjunct in DVT management. Future research
should focus on establishing standardized cut-offs and exploring therapeutic implications of NLR monitoring
during anticoagulation.
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Introduction

Deep vein thrombosis (DVT) is a serious medical condition
characterized by the formation of blood clots within the
deep veins, most commonly in the lower extremities. As
a major component of venous thromboembolism (VTE),
DVT not only increases the risk of morbidity but also mor-
tality, particularly when progressing to pulmonary em-
bolism (PE)."? The incidence of DVT is reported to range
from 50 to 100 cases per 100,000 people annually, with
recurrence rates reaching 10% in the first year and 30%
within 5-8 years after initial diagnosis.>* Current diagno-
sis of DVT relies on clinical assessment, imaging, and bio-
markers such as D-dimer, which, although sensitive, has
limitations in specificity.®

Recent studies have highlighted the potential of the
neutrophil-lymphocyte ratio (NLR) as a novel biomark-
er for DVT. NLR, derived from routine complete blood
counts (CBC), reflects the balance between pro-inflam-
matory neutrophils and anti-inflammatory lymphocytes,
offering insights into the inflammatory state associated
with thrombosis.® This literature review explores the role
of NLR as both a diagnostic and prognostic tool in DVT,
examining its pathophysiological basis, clinical correla-
tions, and prognostic value.

Inflammation in DVT pathogenesis

Inflammation plays a pivotal role in the pathogenesis of
DVT, as described by Virchow’s triad, which emphasizes
endothelial injury, stasis, and hypercoagulability as key
contributors.” Neutrophils, the primary mediators of inna-
te immunity, contribute to thrombus formation through
the release of neutrophil extracellular traps (NETs). These
structures promote coagulation by activating platelets
and providing a scaffold for fibrin deposition.® Concu-
rrently, inflammatory cytokines such as IL-6 and TNF-a
enhance endothelial activation and tissue factor expre-
ssion, further driving the hypercoagulable state.® The
neutrophil-lymphocyte ratio captures this inflammatory
imbalance, with elevated levels (>3.0) strongly correlating
with DVT severity and recurrence risk."°

inflammation and immune response dynamics.” NLR has
gained attention as a diagnostic and prognostic marker in
various conditions, including cardiovascular diseases and
cancer, due to its ability to indicate the balance between
pro-inflammatory and anti-inflammatory pathways.” In
the context of DVT, elevated NLR values signify increased
neutrophil activity and reduced lymphocyte-mediated im-
mune regulation, both of which contribute to thromboge-
nesis.” Studies have demonstrated that NLR is an indepen-
dent predictor of DVT, particularly in high-risk populations
such as postoperative and cancer patients.™

Neutrophils in DVT pathophysiology

Neutrophils play a central role in DVT development
through mechanisms involving NETosis and cytokine re-
lease. NETs, composed of DNA, histones, and proteases,
not only trap pathogens but also promote thrombosis by
activating coagulation factors such as factor Xll and inhi-
biting fibrinolysis."> Pro-inflammatory cytokines like IL-6
further amplify neutrophil recruitment and NET formati-
on, creating a vicious cycle of inflammation and coagula-
tion.'® Elevated neutrophil counts and persistent NETosis
are associated with larger thrombi and delayed resoluti-
on, as observed in patients with high NLR (>4.0)."7 These
findings underscore neutrophils as key players in bridging
inflammation and thrombosis in DVT.

Role of lymphocytes in DVT pathophysiology

Lymphocytes, particularly regulatory T cells (Tregs), mo-
dulate the immune response and play a protective role
against excessive thrombosis. Tregs suppress endothelial
activation and tissue factor expression, thereby reducing
thrombin generation and fibrin deposition.® Lymphope-
nia, or reduced lymphocyte counts, disrupts this balance,
leading to unopposed inflammation and hypercoagulabi-
lity.” In DVT patients, low lymphocyte counts are associ-
ated with higher recurrence rates and poorer outcomes,
highlighting the importance of lymphocyte-mediated im-
mune regulation in thrombus resolution.?

Neutrophil-lymphocyte ratio

The Neutrophil-lymphocyte ratio is a simple, cost-effective
biomarker derived from routine CBC, reflecting systemic

Hypercoagulability and NLR

The neutrophil-lymphocyte ratio serves as a biomarker
of hypercoagulability, integrating both cellular and mo-

Table 1 - Pathophysiological mechanisms linking neutrophils, lymphocytes, and IL-6 to NLR elevation in DVT

Factors Pathophysiology

T Neutrophile - Increased TF

{ Lymphocyte - Failure to inhibit thrombosis
- Stimulation of fibrinogen production

TIL-6 - Inhibition of fibrinolysis

- Activation of factor XIl & platelets via NETs

- Decreased IL-10 production (anti-inflammatory)

Impacts on NLR

TNLR
T NLR

TNLR
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lecular mechanisms of thrombosis. Elevated NLR reflects
increased neutrophil activity (e.g., NET release) and dimi-
nished lymphocyte function (e.g., reduced Treg activity),
both of which contribute to a pro-thrombotic state.?'
Clinically, high NLR values correlate with DVT severity,
recurrence, and complications such as post-thrombotic
syndrome (PTS) (Table 1).22 This ratio provides a practical
tool for risk stratification, particularly in cancer patients,
where NLR >3.5 is associated with higher VTE rates and
reduced survival.?

Clinical correlation in diagnostics

NLR has emerged as a valuable adjunct in DVT diagno-
sis, particularly in settings where imaging is not imme-
diately available. Studies have shown that NLR >3.5-4.0
independently predicts DVT occurrence, with sensitivity
and specificity comparable to traditional biomarkers like
D-dimer.? For example, in emergency departments, NLR
integration with clinical scoring systems (e.g., Wells’ cri-
teria) improves diagnostic accuracy.?> Additionally, NL-
R’s cost-effectiveness and routine availability make it an
attractive tool for early DVT detection, especially in re-
source-limited settings.?

Prognostic value

Beyond diagnosis, NLR serves as a robust prognostic mar-
ker in DVT. Elevated NLR (>4.0) is associated with larger
thrombus burden, higher recurrence rates, and increased
risk of PTS.? In cancer-associated DVT, NLR >3.5 predicts
poorer survival outcomes, with pancreatic cancer pati-
ents exhibiting median survival of 6 months compared
to 12 months in those with low NLR.%® Furthermore, NLR
dynamics during anticoagulation therapy may reflect tre-
atment efficacy, with persistently high levels indicating
resistance or occult malignancy.?® These prognostic insi-
ghts highlight NLR’s potential in guiding personalized
management strategies for DVT patients.

Conclusions

The Neutrophil-Lymphocyte Ratio represents a promising
biomarker for DVT, bridging inflammation and thrombo-
sis in both diagnostic and prognostic contexts. While NLR
alone cannot replace imaging, its integration into clinical
workflows enhances risk stratification and personalized
care, particularly for high-risk populations. Future re-
search should focus on standardizing NLR cut-offs and ex-
ploring its therapeutic implications, such as targeting NE-
Tosis or modulating lymphocyte function. With ongoing
advancements, NLR may become an indispensable tool in
the comprehensive management of DVT.
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Opustil nas profesor Jan Petrasek (8. 9. 1929-12. 2. 2026)

Pan prof. MUDr. Jan Petrasek, DrSc., jeden z poslednich
velkych internist( se specializaci v oborech endokrinolo-
gie a kardiologie, nas opustil 12. 2. 2026, ve véku 96 let.

Promoval na Lékarské fakulté Univerzity Karlovy v Pra-
ze, v roce 1956 nastoupil na Ill. interni kliniku Fakultni
nemocnice v Praze 2, kde na 1. |ékarské fakulté a ve Vse-
obecné fakultni nemocnici pracoval az do letosniho roku.
Na tehdejsi Charvatové klinice se prvnich 15 let vénoval
predevsim problematice sympatoadrendlniho systému
a hormonalné podminéné hypertenzi. Monografie Fe-
ochromocytom, kterd vysla v roce 1976, byla v té dobé
druhou evropskou monografii o této problematice. To,
co pozdéji dominovalo v praci profesora Petraska, byl roz-
voj diferencované péce, jmenovité koronarnich jednotek
a intenzivni péce, ve fakultni nemocnici prosadil vybudo-
vani jednotky intenzivni péce, tieti v Ceskoslovensku. Po-
stupné vyskolil tym |ékar i sester, vznikla kardiologicka
skupina kliniky, na tomto pracovisti pak vedl nové vznik-
lou echokardiografickou laboratot, také jednu z prvnich
v republice. Spolu s Jaromirem Hradcem napsali v roce
1980 skripta Echokardiografie, kterd obdrzela v tomto
roce i cenu rektora Univerzity Karlovy. Pan profesor byl
¢estnym ¢lenem Ceské kardiologické spole¢nosti a drzite-
lem Ffady pamétnich medaili, véetné medaile profesora Li-
benského. Dalsi oblasti, ve které dosahl vynikajici urovné,
byla jeho redak¢ni ¢innost, fadu let byl vedoucim redak-
torem Casopisu lékaru ¢eskych (1985-2001), pozdé&ji pak
pracoval pro nakladatelstvi Grada Publishing a Galén,
celkem recenzoval téméf sto monografii, do leto3niho
roku psal i recenze do ¢asopisu Cor et Vasa. Dnes se tedy
lou¢ime s velkou osobnosti interni mediciny, endokrino-
logie a kardiologie, na kterou budeme vzpominat jako
na nesmirné vzdélaného lékare, ucitele, jenz desitky let
prispival ke zlepSovani Urovné uvedenych obora.

Za vybor CKS i osobné,
Michael Aschermann
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Zemrel détsky kardiolog a intenzivista, primar
MUDr. Jaroslav Wiedermann, CSc. (6. 4. 1949-4. 12. 2025)

Na konci lonského roku nahle zemrel ve véku 76 let nas
kolega, ucitel a pritel MUDr. Jaroslav Wiedermann, CSc.,
vyznamny détsky kardiolog, pediatr a intenzivista, ktery
po desitky let patfil k oporam détského Iékarstvi v Olo-
mouci.

Narodil se 6. dubna 1949 ve Sternberku. Po absolvovani
Stfedni vieobecné vzdélavaci skoly ve Sternberku vystu-
doval Lékarskou fakultu Univerzity Palackého v Olomou-
ci, kde v roce 1973 promoval. Cely svij profesni zivot spojil
s Détskou klinikou Lékarské fakulty Univerzity Palackého
a Fakultni nemocnice Olomouc, kde pUsobil nepretrzité
v letech 1973-2025.

Postupné zde zastaval fadu odbornych i akademickych
funkci — od sekundarniho Iékare pres odborného asisten-
ta az po zastupce prednosty Détské kliniky pro Iécebné-
-preventivni péci, jimz byl v letech 1990-2011. Od roku
2012 také pracoval jako vedouci lékar Détského centra
Ostravek v Olomouci, kde uplatnil své bohaté klinické
zkusenosti a lidsky pfistup k détskym pacientdm i jejich
rodinam.

Po atestaci z pediatrie se profesné zaméfil na dvé kli-
Cové oblasti — détskou intenzivni péci a détskou kardiolo-
gii. Spolu se svym ucitelem a nestorem détské kardiologie
v Olomouci, doc. MUDr. Jifim Vyhnalkem, CSc., v 70. a 80.
letech rozvijel péci o déti s vrozenymi srde¢nimi vadami,
véetné intervencnich katetriza¢nich vykont u novorozen-
ch s kritickymi srde¢nimi vadami. Zkusenosti z invazivni
kardiologie vyuzil i pfi rozvoji détské intenzivni a resus-
citacni péce.

V roce 1987 obhdjil diserta¢ni praci na téma ¢asné ma-
nifestace ischemické choroby srde¢ni u déti a ziskal titul
kandidata lékarskych véd. Vedle klinické a védecko-vy-
zkumné prace se vénoval i pedagogické ¢innosti. Po mno-
ho let se podilel na vyuce studentl vseobecného lékarstvi
na Lékarské fakulté Univerzity Palackého a na vychové
studentek a studentd oboru OSetfovatelstvi se zamére-
nim na intenzivni péci v pediatrii na Fakulté zdravotnic-
kych véd Univerzity Palackého v Olomouci.

Byl aktivnim ¢lenem odborné obce - pusobil ve vy-
boru Sekce intenzivni péce v pediatrii Ceské pediatrické
spole¢nosti CLS JEP, opakované byl ¢lenem vyboru Ceské
pediatrické spole¢nosti, byl ¢lenem Ceské kardiologické
spole¢nosti, Ceské spole¢nosti anesteziologie, resuscita-
ce a intenzivni mediciny CLS JEP a Spolku lékaFi CLS JEP
v Olomouci.

Ve volném case se vénoval své rodiné, miloval cestova-
ni a sport a mél Siroky prehled v oblasti uméni i hudby.

MUDr. Jaroslav Wiedermann byl nejen erudovanym
odbornikem, ale také respektovanym kolegou, ucitelem
a lékarem, ktery dokazal v tézkych chvilich dodat jistotu
pacientim, jejich rodicam i koleglm.

Cest jeho pamatce.

Prof. MUDr. Eva Klaskova, Ph.D., MHA;

MUDr. Sabina Kapréalova, Ph.D.;

MUDr. AlZzbéta Palatova;

Détska kardiologickd ambulance;

Détska klinika, Lékarska fakulta Univerzity Palackého
a Fakultni nemocnice Olomouc, Olomouc
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Pan profesor MUDr. Jifi Vitovec, CSc., FESC,

slavi zivotni jubileum

Profesor MUDr. Jifi Vitovec se narodil 25. 2. 1951 v Brné, Lé-
karskou fakultu absolvoval v Brné, promoval v roce 1975.
Po promoci nastoupil na I. interni kliniku FN u sv. Anny,
kterou vedl doc. MUDr. Jan Z&k, CSc. Spolu s doc. MUDr.
Véaclavem Chaloupkou pracoval Jifi nejprve na jednotce
intenzivni péce, v roce 1981 dostal nabidku od profeso-
ra Klabusaye délat klinickou farmakologii, proto presel
na Il. interni kliniku, kde se seznamil se svym ucitelem,
vzorem a ptitelem prof. MUDr. Milosem Stejfou, DrSc. Po-
stupné sloZil tfi atestace — z vnitfniho Iékafstvi v roce 1982,
z klinické farmakologie v roce 1991 a z kardiologie v roce
1997. Kandidatskou préci obhdjil v roce 1988, docentem
vnitiniho Iékafrstvi se stal v roce 1995 a profesorem vniti-
niho Iékafstvi byl jmenovan v roce 2001. Na klinice prosel
cestou od sekundarniho Iékare pres klinického asistenta
a docenta az do doby, kdy se v roce 2002 se stal pred-
nostou I. interni kardioangiologické kliniky Fakultni ne-
mocnice u svaté Anny v Brné. Tuto kliniku ved| az do roku
2012, kdy se rozhodl ukoncit své pusobeni jako pfednos-
ta a stal se zadstupcem pro Skolstvi, mimoto pak v letech
1997-2003 vykonaval funkci prodékana Lékarské fakulty
Masarykovy univerzity. Hlavnim odbornym zajmem Jirky
Vitovce byla vzdy kardiovaskularni farmakologie, dale hy-
pertenze a srdecni selhani. Publikoval pres 25 knih, vice
nez 40 ¢lankd v zahranici a vice nez 700 ¢lankd v ¢eském
pisemnictvi. Byl fadu let ¢lenem vyboru Ceské kardiologic-
ké spolecnosti, dale vykonaval funkci predsedy Pracovni
skupiny srde¢niho selhani CKS, byl opakované pfedsedou
organiza¢niho vyboru vyro¢niho sjezdu Ceské kardiolo-
gické spole¢nosti. Byl také ¢lenem vyboru Ceské interni-
stické spole¢nosti a Ceské spole¢nosti pro hypertenzi, je

¢lenem Evropské kardiologické spole¢nosti, kde ziskal ti-
tul Fellow (FESC). Je rovnéz znamo, ze byl ndrodnim koor-
dinatorem nékolika velkych klinickych studii, které zcela
zasadné ovlivnily kardiovaskuldrni farmakologii: studie
MERIT (1999), ktera definitivné urcila jasné postaveni be-
tablokatorl u srde¢niho selhdni, a studie SHIFT, publiko-
vané v roce 2010, jez v prvni fadé jasné ukazala, Ze tepova
frekvence je rizikovym faktorem po infarktu myokardu,
a ktera do kardiovaskularni farmakologie uvedla novou
lékovou skupinu, tzv. blokatory I, kanalu. Byl také hlav-
nim vyzkumnikem ve studii IMPROVE-IT a jeho centrum
nabralo nejvice pacientl na celém svété. Jifi je aktivni
i v oblasti redakéni ¢innosti — je ¢lenem redakéni rady Cor
et Vasa a Vnitrniho lékarstvi. Vzhledem k dlouholeté praci
v oblasti kardiologie, vnitiniho lékarstvi a klinické farma-
kologie je dnes JiFi Vitovec ¢estnym ¢lenem Ceské kardio-
logické spolec¢nosti, Slovenské kardiologické spolecnosti,
Ceské internistické spole¢nosti a Ceské spole¢nosti klinic-
ké farmakologie. V roce 2016 ziskal Cenu Jihomoravského
kraje, o rok pozdéji pak Cenu mésta Brna v oblasti , Iékar-
ské védy a farmacie”, v roce 2018 zlatou medaili Veteri-
narni a farmaceutické univerzity a v roce 2019 pamétni
medaili Lékarské fakulty Masarykovy Univerzity.

Tolik souhrn profesiondlniho Zivota skvélého kardiolo-
ga, velmi oblibeného |ékafe a ucitele, ktery vychoval ce-
lou fadu mladsich Iékaru. Jirka je také vzacnym ¢lovékem
s pevnym charakterem, ktery si udrzel po celou dobu svého
odborného plsobeni. Neprekvapi, Ze od mladi byl vynikaji-
cim sportovcem, vénoval se zavodné judu, v némz byl dva-
krat akademickym mistrem Moravy a dvakrat bronzovym
na celostatni univerziadé v polotézké vaze. Sport ho pro-
vazi celym zZivotem, stejné jako jeho mila manzelka Lenka,
ktera byla stani¢ni sestra na dialyze na Il. interni klinice. Vy-
chovali spolu dvé déti Lenku a Jirku z prvniho manzelstvi,
prvni manzelka Eva zemrela tragicky v roce 1986. V soucas-
né dobé maji tfi milovana vnoucata Vojtika, Klarku a Fran-
tika, kterym radi stale vénuji mimoradnou pozornost.

Stejné jako pred péti lety si na zavér dovolim osobni
poznamku - s Jirkou Vitovcem se zname mnoho let, vzdy
byl vzorem vyborného Iékafe, moudrého, sportovné zalo-
Zzeného clovéka, ktery na sebe dokazal upozornit prede-
v§im ohromnou znalosti kardiologie a vnitfniho lékafstvi.
Je prikladem osobnosti, kterd se vzdy snazi porozumét
a resit problémy, pokud se kolem ného vyskytly, a Fesil
je vzdy s noblesou jemu vlastni. Pfipomenu také, Ze jsme
spolu zalozili dnes jiz tradi¢ni béh Jifiho Tomana, ktery se
stal nedilnou soucasti vyrocniho sjezdu kardiologu v Brné.

Mily JiFi, je mi cti, Z2e Ti mohu za sebe a za vybor Ceské

kardiologické spolecnosti opét podékovat za krasné roky

spoluprdce ve prospéch ceské kardiologie a srdecné Ti

poprat jesté mnoho aktivnich let jak v praci, tak s Tvou
rodinou.

Za vybor CKS a viechny ¢eské kardiology,

srdecné Michael Aschermann
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Internista a kardiolog profesor Richard Ceska se stal
Séfem svétové interni mediciny

Zijeme v dobg, kdy mizeme kazdy den v televizi vidét
nase skveélé Spickové sportovce (napriklad Ester Ledeckou
a Davida Pastrnaka, jak ,drzi palec” v reklamé), ktefi si
zaslouzi obdiv a jisté ho i u mé maji! Je vak charakteri-
stické, Ze svétovy Uspéch lékare, internisty a kardiologa,
profesora MUDr. Richarda Cesky, CSc., FACP, FEFIM, zcela
unikl pozornosti viech médii. Richard Ceska je president
elect International Society of Internal Medicine (ISIM),
funkce prezidenta této spolecnosti se ujme na dvouleté
obdobi v roce 2026. Na strankach této spolecnosti se mu-
Zzeme docist, Ze jejim hlavnim cilem je Sifeni védeckych
poznatku a jednoty interni mediciny, vzdélavani mladych
internistd v celém svété. V dobé nesmirného rozvoje spe-
cializace a subspecializace do mnoha oborl je snahou
ISIM posilovat pozici interni mediciny jako integralni sou-
Casti globalni péce o zdravi. To, Ze se prezidentem této
vyznamné spolecnosti stal pravé cesky lékar, je vynikaji-
cim Uspéchem nasi mediciny a jisté je pro cely svét signa-
lem, Ze jsme se od roku 1989 posunuli sprdvnym smérem.
Dovolte mi tedy profesora Richarda Ceku pFedstavit po-
drobnéji.

Narodil se 29. 4. 1957 v Praze, absolvoval 1. |ékarskou
fakultu Univerzity Karlovy v Praze v roce 1982, kandida-

WCIM 2024, Prague, Czech Republic.

The 371" WCIM, a joint meeting with CSIM and ISIM, was attended by
approximately 3000 physicians and trainees from 87 countries. It had
outstanding lectures from distinguished national and international faculty
including a challenging keynote address, Al revolution in Medicine from
Behshad Behzadi. There were many oral and poster presentations made by
trainees during the conference. We had almost 1,000 presentations. 546

posters were prepared mostly by young physicians.
More »

Obr. 1. - Zprava o svétovém kongresu v Praze

turu obhdjil v roce 1992 na téma Farmakoterapie hyper-
lipoproteinémii, habilitoval v roce 2001 a profesorem
vnitfniho Iékafstvi se stal v roce 2006. Profesni Zivot spojil
s lll. interni klinikou 1. LF UK a V3eobecné fakultni nemoc-
nice v Praze, kde od prace sekundarniho Iékare, asistenta
kliniky, docenta a profesora dospél do funkce zastupce
prednosty kliniky a vedouciho Centra preventivni kardio-
logie Ill. interni kliniky. Jeho hlavnim védeckym zdjmem
byly prakticky celou dobu ,lipidy” - diagnostika a lé¢ba
hyperlipoproteinemii a s tim spojena Uzce preventiv-
ni kardiologie. Profesni Zivot Richarda Ce3ky vyznamné
ovlivnil pobyt v USA, konkrétné v Gladstone Institute for
Cardiovascular Disease v San Francisku. Aktivni byl samo-
zfejmé také na poli védeckém, mad vice nez 200 publikaci,
je autorem a spoluautorem 9 monografii, citaci ma cel-
kem 4189, H index je 29.

Od roku 2006 do sou¢asné doby je pfedsedou Ceské
internistické spole¢nosti CLS JEP. V letech 2016-2021 byl
védeckym sekretafem International Atherosclerosis Soci-
ety (IAS), predtim predsedou European Federation IAS.
A nyni se dostdvame k International Society of Internal
Medicine (ISIM) — zde byl od roku 2018 ¢lenem vyboru,
kde plsobi dodnes. Na zakladé jeho dlouholeté aktivity
ve vyboru se mu podafilo ziskat pro Ceskou republiky po-
radani svétového kongresu interni mediciny pro rok 2024
(obr. 1). Na obrazku je kratky souhrn tohoto uUspésného
kongresu a dalSim jiz zminénym Uspéchem se pak stala
volba nového prezidenta této spolecnosti. Stal se jim pan
profesor, funkce prezidenta spole¢nosti ISIM se ujme v le-
to$nim roce. Dovolim si proto za celou Ceskou internistic-
kou spole¢nost, ale také za Ceskou kardiologickou spole¢-
nost profesoru Ceskovi k tomuto mimofadnému Uspéchu
pogratulovat. Souc¢asné prejeme Richardovi pevné zdravi
a Uspésné absolvovani této narocné mise ve svétové inter-
ni mediciné. Vazime si toho, Ze se ¢eskému Iékari podafilo
ziskat tuto vyznamnou pozici na svétové Urovni.

Za vybor CKS a za Ceskou internistickou spole¢nost,
Michael Aschermann
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KATETRIZACI SRDCE

Michael Aschermann

Ondrej Aschermann

*  maxdorfjessenids

Cena: 695 Kc.

Zatatkem prosince roku 2025 byla na kongresu Ceské
asociace akutni kardiologie slavnostné pokfténa kniha
Historie katetrizaci srdce autort profesora Michaela
Aschermanna a jeho syna MUDr. Ondfeje Aschermanna,
vydand v nakladatelstvi Maxdorf. Toto obdobi spada as-
trologicky do znameni Strelce, coz je dosti symbolické,
nebot podivdme-li se na typické znaky pro toto znameni,
nemuzeme v nich nenalézt Zivotni postoje obou autora.
Jde zejména o optimismus, nadseni, svobodomyslnost,
touhu po pozndni a upfimnost. Knihy popisujici historii
oboru jsou casto zatizeny prehrsli dat a lehce moralizu-
jicim ténem téch, ktefi historii oboru popisuji ze své per-
spektivy doyena. To vsak neni pfipad této knihy, ze které
vyzafuje neutuchajici zapal pro obor intervencni kar-
diologie a Cistd radost z Uspéchd kolegu ¢i zakl, mezi
které mam tu cest se pocitat.

Kniha je rozclenéna do nékolika prehlednych
oddila, které popisuji historii srde¢ni katetrizace od
prvnich pokust o invazivni méreni tlaku ¢iintravenézni
aplikace v obdobi 17.-19. stoleti pfes skute¢né prvni
katetrizace provedené Claudem Bernardem v 19. sto-
leti a Wernerem Forssmannem ve 20. stoleti. Historic-
ky prehled pionyrd srdecni katetrizace, invazivniho
méreni krevniho tlaku, punkcniho pfristupu, rentge-
nového zareni, kontrastnich latek, balonku, stentl az
k perkutdanné zavddénym chlopennim bioprotézam
neni jen prostym vyc¢tem dat a objevd, ale je v knize
kombinovan s poutavym popisem lidskych osud jed-
notlivych objevitell i s jejich védeckymi, pracovnimi i
osobnimi strastmi, coz ¢tendre rychle vtahuje do pfi-
bé&hu objevd, jejich doby a rovnéz mu umoznuje snad-
néji pochopit slozitost objevovani novych cest a bore-
ni starych paradigmat. Tato ¢ast mUze rovnéz slouzit
jako vyborna motivace pro védce stojici na zacatku své
kariéry, ktefi tak mohou vidét, Ze vSe nové se rodi cas-
to obklopeno nezdjmem ¢i mnoha protivenstvimi a ze
je tfeba k védeckému zapalu rovnéz pripojit trpélivost
a cilevédomost.

Velmi prehledné a Ctivé jsou rovnéz zpracovany ¢asti,
nad nimiz se dnes ¢tenafi roztfese ruka jen z popisu vy-
konu, které jiz nastésti patti do kategorie historie. Jde o
Casti popisujici transbronchidlni punkci levé siné ¢i prfimé
perkutdnni punkce srdecnich oddilG. Popisy téchto vyko-
nG viak ¢tenare seznamuiji s logikou jejich vzniku a pfino-

Michael Aschermann, Ondrej Aschermann:

Historie katetrizaci srdce

Praha, Maxdorf, 2025, 344 stran.
Vydani prvni, format 154 x 230 mm, pevna vazba, barevny vytisk.
ISBN 978-80-7345-837-9

sem pro pochopeni patofyziologie srdec¢nich vad a rozvoj
jejich diagnostiky.

Velkou pozornost autofi vénuji rozvoji zobrazeni ko-
ronarnich tepen, od prvnich angiografii az po moderni
zobrazovaci metody a dale pak koronarnim interven-
cim. Velmi poutavé je podan pribéh prvni angioplastiky
koronarnich tepen provedené Andreasem Grintzigem
i jeho Zivotni pfibéh a dopad na cely obor interven-
¢ni kardiologie. V témze duchu pokracuji barvita liceni
rozvoje strukturdlnich intervenci od balonkové atrio-
septostomie, uzavéru defektu septa sini az po dnesni
strukturdlni intervence na srdecnich chlopnich. Tato
¢ast monografie je bohata na obrazovou dokumentaci,
kde se ¢tendr mlze sezndmit se vzhledem nejriiznéjsich
chlopni a dal$iho materidlu, ktery je k témto vykonim
pouzivan. K intervencni kardiologii neodmyslitelné pa-
tfi i intervencni arytmologie, jiz je vénovéana ¢ast popi-
sujici jak rozvoj kardiostimulator( a defibrilatoru, tak
rozvoj abla¢nich technik. Velmi vhodnym doplnénim
téchto kapitol jsou medailonky ceskoslovenskych pra-
kopnik, ktefi polozili zéklady oboru v Ceskoslovensku
a stali se vynikajicimi uciteli dal$i generace interven-
¢nich kardiologl a rovnéz prednimi autoritami doma
i v zahranidi.

Monografie je zakoncena komplexnim predstavenim
jednotlivych kardiocenter z celé Ceské republiky s po-
pisem historie jejich vzniku, profesiondlniho zaméreni
i persondlniho obsazeni a — jak je velkym pfinosem pu-
blikace i v ostatnich kapitolach — s rozsdhlou obrazovou
dokumentaci.

Souhrnné lze fici, Ze kniha velmi ¢tivé pokryva celou
historii rozvoje intervenc¢ni kardiologie véetné inter-
vencni arytmologie a pfinasi celou fadu poutavych pfri-
béhu z dob rozvoje oboru, ale rovnéz je zdrojem pouce-
ni o mnoha milnicich interven¢ni kardiologie, na jejichz
zakladech stoji tato cast kardiologie dodnes. StarSim
koleglm pfipomene velkou ¢ast jejich profesiondlni
kariéry a rovnéz Zivotni pfibéhy jejich ucitell, mlad$im
pak nahled na to, s jakym nesmirnym Uusilim prekona-
vali prakopnici katetrizovani v Cechach i ve svété Fadu
prekazek, abychom dnes mohli tyto vykony provadét
velmi precizné a co moznd nejbezpecnéji. Velmi zdafi-
lym pocinem je prehled ceskych a moravskych katetri-
zacnich pracovist, z nichz kazdé ma svou unikatni histo-
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rii a popis jejich persondlniho obsazeni bude jiz navzdy
zaznamenan pro pokoleni pfisti.

Autorlm nelze nez podékovat za tuto heroickou pra-
ci, kterd prinasi do ceské kardiologické literatury svézi
publikaci, jez nepfindsi jen prehled historickych milnikd,
ale zejména barvity popis lidskych pribéhu, které tuto his-
torii vytvarely. Na zadvér bych si dovolil osobni poznamku.
Hlavni autor publikace — profesor Michael Aschermann - je
zosobnénim v Uvodu uvedené astrologické charakteristiky
a myslim, Ze mluvim za vSechny interven¢ni kardiology,
ktefi s nim méli moznost pracovat, kdyz feknu , Ze pravé
jeho optimismus, nadseni, svobodomyslnost, touha po po-

zndni a upfimnost jsou ozdobou jak nasi kardiologie, tak
nam déla dobré jméno ve svété. Michaeli a Ondreji, dékuji
za krasny zazitek pfi cetbé a myslim, Ze nejsem sam, kdo si
vasi monografii vystavi na cestném misté ve své knihovné.

Prof. MUDr. Tomas Kovarnik, Ph.D.,

Il. interni klinika kardiologie a angiologie,
1. Iékarska fakulta Univerzity Karlovy

a Vseobecna fakultni nemocnice v Praze,
e-mail: tomas.kovarnik@vfn.cz
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