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nické a experimentalni kardiologie. Pocinaje 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 nepiijima kazuistiky. Pokud byste méli zdjem, muzete
své kazuistiky zaslat do sesterského casopisu Cor et Vasa Case Reports, ktery
najdete na adrese https://www.kardio-cz.cz/coretvasa-case-reports/.

Pfiloha Cor et Vasa Kardio pfindsi recenze knih, abstrakta z vybranych
kongresU, zpravy z kongrest a konferenci, voleb a diskusi, polemiky, ko-
mentare, informace z Ceské kardiologické spole¢nosti, Ceské spole¢nosti
kardiovaskularni chirurgie a Evropské kardiologické spole¢nosti i aktualni
mezinarodni zpravy a témata.

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

Casopis vychazi ve dvou verzich se stejnym obsahem: online a ti§téné verzi.
Cor et Vasa je dostupna 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.

Prispévky do Casopist zpracované podle pokynu autorim zasilejte pro-
sim prostfednictvim systému ACTAVIA - vstup do néj je na adrese:
http://actavia.e-coretvasa.cz/. Pfispévky do Kardia mUzete zasilat také na
adresu vedouciho redaktora nebo odpovédné redaktorky.

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

Vydavatel neodpovida za Udaje a nazory uvedené autory v jednotlivych
prispévcich ani za faktickou a jazykovou stranku inzerci.

Adresa pro korespondenci s vedoucim redaktorem casopisu Cor et Vasa
Prof. MUDr. Michael Aschermann, DrSc., FESC, FACC (vedouci redaktor)

II. interni klinika kardiologie a angiologie,

1. lékarska fakulta Univerzity Karlovy a Vseobecna fakultni nemocnice,

U Nemocnice 2, 128 08 Praha 2, Ceska republika

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

Vychézi 6x ro¢né (+ 5 suplement)

Povoleno Ministerstvem kultury CR E 18519.
ISSN 0010-8650 (print), ISSN 1803-7712 (online)
© 2025, CKS.

S PRILOHOU

Kardio

Vydavatel
Ceska kardiologicka spole¢nost, z. s.
Netroufalky 6b, 625 00 Brno

Predseda
Prof. MUDr. Petr Ostadal, Ph.D., FESC

Odpovédna redaktorka

Mgr. Klara Prochazkova

Tel.: +420 607 932 545

E-mail: ProchazkovaKlara@email.cz,
redakce@e-coretvasa.cz

Inzerce

Mgr. Denisa Ebelova

Tel.: +420 725 777 880
E-mail: ebelova@kardio-cz.cz

Distribuce, predplatné
Distribuce vydanych cisel bude zajisténa cestou
mailingu vSéem ¢lendim spolecnosti.

Pro ¢leny CKS je ro¢ni predplatné tisténého ¢asopisu
2 400 K¢, pro necleny CKS 3 000 K¢, v pFipadé zajmu

kontaktujte prosim pani Mgr. Denisu Ebelovou:
ebelova@kardio-cz.cz

Vydavatel neruci za kvalitu a uc¢innost jakéhokoli
vyrobku nebo sluzby nabizenych v reklamé nebo
jiném materialu komer¢ni povahy.

Pre-press
Studio Franklin Praha
E-mail: franklin@franklin.cz

Tisk
Tiskarna Knopp s.r.o.
Nové Mésto nad Metuji



aSa

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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Plvodni sdéleni | Original research article

Cardiovascular Risk Factors and DXA-Assessed Body
Composition Changes after Laparoscopic Sleeve Gastrectomy:
A One-Year Retrospective Study
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ARTICLE INFO SOUHRN

Article history: Uvod: Laparoskopicka rukavova resekce zaludku (LSG) se ukazala jako ucinny zakrok pfi lé¢bé té2ké obezity,
Submitted: 9. 1. 2025 avsak jeji vliv na kardiovaskuldrni rizika pres zmény télesného slozeni dava prostor k blizsimu zkoumani.
Accepted: 2. 2. 2025 Metody: Tato retrospektivni studie hodnotila 98 pacientd, ktefi podstoupili LSG, analyzovali jsme télesné
Available online: 25. 9. 2025 slozeni pomoci dualni rentgenové absorpciometrie (DXA) a metabolické parametry pied operaci a 12 mésict

po operaci. Byly hodnoceny zmény hmotnosti, tukové hmoty, netukové hmoty, lipidového profilu a glukd-
zového metabolismu, véetné jejich vzdjemnych vztaha.

Vysledky: Dvanact mésict po operaci byly pozorovany vyznamné redukce celkové télesné hmotnosti, tukové
hmoty a netukové hmoty (vSechny p < 0,001). Metabolické parametry vykazovaly vyrazné zlepdeni, s vy-
znamnym poklesem glykemie nalacno, glykovaného hemoglobinu (HbA, ) a triglyceridd, spolu se zvySenim
HDL cholesterolu (vSechny p < 0,001). LDL/HDL pomér se zlepsil z medianu (interkvartilové rozpéti [IQR]) 2,79
(1,59) na 2,20 (0,91) (p < 0,001). Aterogenni index plazmy se snizil z 0,23 (0,30) na -0,10 (0,29) (p < 0,001),
coz predstavuje posun ze zvyseného na nizké kardiovaskularni riziko. Byla zjisténa stfedni negativni korela-

Klicova slova:
Dyslipidemie

DXA

HDL cholesterol
Kardiovaskularni riziko
Rukavova resekce zaludku

Slozen( téla ce mezi zménami netukové hmoty a HDL cholesterolu (r =-0,331, p < 0,001), zatimco slabé, ale vyznamné
korelace byly nalezeny mezi zménami poméru pas/boky a glykemickymi parametry.
Zavér: LSG vede k vyznamnému zlepseni kardiovaskuldrniho rizika jeden rok po operaci s pozitivnim ovlivné-
nim lipidovych parametru a sloZeni téla. Nové objevena korelace mezi ztratou netukové hmoty a zménami
HDL cholesterolu naznacuje, ze zachovani netukové hmoty by mohlo byt klicové pro optimalizaci metabo-
lickych benefitli po bariatrické operaci.
© 2025, CKS.
ABSTRACT
Background: While laparoscopic sleeve gastrectomy (LSG) is known to reduce weight, its impact on cardio-
vascular risk profile through changes in body composition remains unclear.
Keywords: Methods: This retrospective study evaluated 98 patients who underwent LSG, analyzing body composition
Atherogenic dyslipidemia via dual-energy X-ray absorptiometry (DXA) and cardiovascular risk parameters at baseline and 12 months
Body composition post-surgery. Changes in weight, fat mass, lean mass, atherogenic lipid profile, and glucose metabolism
Cardiovascular risk were assessed, along with their interrelationships.
DXA Results: Significant reductions were observed in total body weight, fat mass, and lean mass at 12 months
HDL cholesterol post-surgery (all p <0.001). Metabolic parameters showed marked improvements, with significant decreases
Sleeve gastrectomy in fasting glucose, HbA, , and triglycerides, alongside an increase in HDL cholesterol (all p <0.001). The LDU/
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HDL ratio improved from median (IQR) 2.79 (1.59) to 2.20 (0.91) (p <0.001). The atherogenic index of plasma
decreased from 0.23 (0.30) to -0.10 (0.29) (p <0.001), representing a shift from increased to low cardiovascu-
lar risk. A moderate negative correlation was identified between changes in lean mass and HDL cholesterol
(r =-0.331, p <0.001), while weak but significant correlations were found between changes in waist-to-hip

ratio and glycemic parameters.

Conclusions: LSG results in significant improvements in cardiovascular risk profile at one year post-surgery,
with favorable changes in atherogenic lipid parameters and body composition. The novel correlation be-
tween lean mass preservation and HDL cholesterol suggests that maintaining muscle mass might be crucial
for optimizing cardiovascular benefits following bariatric surgery.

Introduction

Obesity has emerged as one of the most pressing pub-
lic health challenges of the 21st century, with its preva-
lence reaching epidemic proportions worldwide.' Beyond
its direct health implications, obesity represents a major
modifiable risk factor for cardiovascular disease, the lead-
ing cause of mortality worldwide.? The pathophysiologi-
cal relationship between obesity and cardiovascular risk
is complex and multifaceted, involving various metabolic
perturbations including dyslipidemia, insulin resistance,
and chronic inflammation.? Of particular concern is the
impact of excess adiposity on lipid metabolism, specifical-
ly its association with decreased high-density lipoprotein
(HDL) cholesterol levels and elevated triglycerides, both
independent risk factors for cardiovascular disease.*

In cases of severe obesity, bariatric surgery has dem-
onstrated superior efficacy compared to conventional
weight loss approaches, not only in achieving sustained
weight reduction but also in improving cardiovascular
risk factors.>®* Among various bariatric procedures, lapa-
roscopic sleeve gastrectomy (LSG) has gained prominence
due to its favourable risk-benefit profile and significant
metabolic effects.” LSG induces weight loss through both
restrictive and hormonal mechanisms, leading to sub-
stantial improvements in obesity-related comorbidities.
However, the procedure’s impact extends beyond simple
weight reduction, affecting body composition and meta-
bolic parameters in ways that are not fully understood.

Traditional methods of assessing post-bariatric out-
comes have primarily focused on total weight loss and
basic anthropometric measurements. However, these met-
rics fail to capture crucial changes in body composition,
particularly the relative loss of fat versus lean mass.® Dual-
energy X-ray absorptiometry (DXA) has emerged as a valu-
able tool in this context, offering precise quantification of
body composition components.® This technology enables
detailed analysis of fat distribution and lean mass changes,
providing insights that may be more relevant to cardiovas-
cular risk assessment than total weight loss alone.

The preservation of lean mass during weight loss has
gained increasing attention in bariatric medicine, as
skeletal muscle plays a crucial role in metabolic health.?
Emerging evidence suggests that muscle tissue functions
as an endocrine organ, secreting myokines that influence
lipid metabolism and insulin sensitivity." However, the
specific relationship between post-operative lean mass
preservation and improvements in cardiovascular risk
factors, particularly lipid profiles, remains inadequately
characterized. This knowledge gap is especially relevant

given that excessive loss of lean mass might potentially
attenuate the metabolic benefits of bariatric surgery.

Furthermore, the dynamic interplay between body
composition changes and metabolic parameters following
LSG warrants investigation within the context of cardio-
vascular risk modification. While improvements in tradi-
tional cardiovascular risk factors after bariatric surgery are
well-documented, current research is establishing precise
body composition targets to optimize these cardiovascular
benefits.® Understanding these relationships could inform
post-operative care strategies and potentially enhance car-
diovascular outcomes in bariatric patients.

Therefore, this retrospective study aimed to evaluate
comprehensive changes in body composition via DXA
and their correlation with metabolic parameters one year
after LSG. Our investigation focused particularly on the
relationship between lean mass preservation and meta-
bolic improvements, with special attention to lipid pro-
file changes. By elucidating these associations, we sought
to provide insights that could guide post-operative care
strategies and optimize metabolic outcomes in patients
undergoing bariatric surgery.

Material and methods

Study design and population

The study retrospectively enrolled 98 patients who under-
went laparoscopic sleeve gastrectomy (LSG) at two centers
(Hospital 1 [Hospital AGEL Ostrava-Vitkovicel: 71 [72%]
and Hospital 2 [University Hospital Ostraval: 27 [28%] of
patients) between the years 2010-2019. There were no
significant differences in patient characteristics, surgical
techniques, and protocols or outcomes between the two
centers. Inclusion criteria followed the International Fed-
eration for the Surgery of Obesity and Metabolic Disor-
ders (IFSO) guidelines: body mass index (BMI) >40 kg/m?
or BMI >35 kg/m? with obesity-related comorbidities. Ex-
clusion criteria included active malignancy, and inability
to complete follow-up visits. The study was approved by
the institutional ethics committee.

Clinical assessments and measurements

Comprehensive evaluations were conducted at baseline
and 12 months post-surgery. Anthropometric measure-
ments included weight, height, waist circumference, and
hip circumference, performed using standardized proto-
cols. Body composition analysis was performed using DXA
(Discovery A; Hologic, Waltham, MA, USA), which provid-
ed measurements of total body mass, fat mass, and lean
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Table 1 - Baseline demographic and clinical characteristics 1400
k% *%k% *k%
Characteristics Value 120.0
Total participants, n 98 100.0
Age (years), mean + SD 43.8 +9.6 »:? 80.0
Sex, n (%) Y
60.0
Male 25 (25.5 %) s
Female 73 (74.5 %) 40.0
Height (cm), mean + SD 169.5+ 8.4 20.0 I
Baseline demographic and clinical characteristics of 98 patients 0.0
undergoing laparoscopic sleeve gastrectomy. Data presented as Total mass Fat mass Lean mass
mean = standard deviation (SD) or number (percentage). Wasclne  [12months  *** p<0.001

mass. Blood samples were collected after overnight fast-
ing for analysis of lipid profile (triglycerides, high-density
lipoprotein cholesterol, total cholesterol, and low-density
lipoprotein cholesterol) and glucose metabolism (fasting
glucose and glycated hemoglobin).

Statistical analysis

Statistical analyses were performed using IBM SPSS ver-
sion 30.0.0. The Shapiro-Wilk test was used to assess data
normality. For non-normally distributed variables (weight,
DXA total mass, fat mass, lean mass, glycemia, triglycer-
ides, HbA, , LDL/HDL ratio, atherogenic index and waist-
to-hip ratios), the Wilcoxon signed-rank test was applied
to compare baseline and 12-month values. Paired t-tests
were used for normally distributed variables. Only param-
eters showing significant changes (p <0.05) were included
in the subsequent correlation analysis. Relationships be-
tween changes in body composition and metabolic pa-
rameters were evaluated using Spearman’s correlation
coefficient. Correlation strength was categorized as weak
(r = 0.2-0.3), moderate (r = 0.3-0.5), or strong (r >0.5).

Results

Patient demographics
The study cohort comprised 98 Caucasian patients (25
men, 73 women) with a mean age of 43.8 + 9.6 years and

Fig. 1 - Body composition changes 12 months after laparoscopic
sleeve gastrectomy.

Changes in body composition parameters measured by dual-energy
X-ray absorptiometry (DXA) at baseline (blue bars) and 12 months
post-surgery (green bars). Values are presented as medians. Total
mass decreased from 122.5 kg to 91.8 kg, fat mass from 56.9 kg to
34.6 kg, and lean mass from 62.8 kg to 53.2 kg. *** indicates statis-
tical significance at p <0.001 for all comparisons.

mean height of 169.5 + 8.4 cm (Table 1). Pre-existing co-
morbidities included hypertension in 49 patients (50%)
and type 2 diabetes mellitus in 25 patients (25.5%). 26
patients (26.5%) were current smokers at the time of
surgery. All patients completed the 12-month follow-up
period.

Changes in body composition

Significant reductions were observed in all anthropomet-
ric measurements at 12 months post-surgery (Table 2,
Fig. 1). Median body weight decreased by 31.7 kg, from
122.4 kg (IQR: 13.2) at baseline to 90.7 kg (IQR: 26.3) at
12 months (p <0.001). DXA analysis revealed substantial
changes in body composition. Total body mass decreased
from a median of 122.5 kg (IQR: 34.8) to 91.8 kg (IQR:
26.9) (p <0.001). Fat mass showed a median reduction of
22.3 kg, from 56.9 kg (IQR: 19.6) to 34.6 kg (IQR: 16.0) (p
<0.001). Lean mass also decreased significantly, from 62.8
kg (IQR: 17.2) to 53.2 kg (IQR: 17.1) (p <0.001).

Table 2 - Changes in body composition and anthropometric parameters

Parameter

Weight (kg), median (IQR)

DXA total mass (kg), median (IQR)
DXA fat mass (kg), median (IQR)
DXA lean mass (kg), median (IQR)
Waist 1 (cm), mean + SD

Waist 2 (cm), mean + SD

Hip circumference (cm), mean = SD
Waist 1-to-hip ratio, mean + SD
Waist 2-to-hip ratio, mean + SD

Baseline 12 months
122.4 (13.2) 90.7 (26.3)
122.5 (34.9) 91.8 (26.9)
56.9 (19.6) 34.6 (16.0)
62.8 (17.2) 53.2 (17.1)
120.4 + 14.5 97.3+133
129.7 +15.9 104.6 + 14.1
1329+ 135 112.00+ 11.6
0.91+0.11 0.87 £0.10
0.98 +0.10 0.93 +0.09

Body composition and anthropometric measurements at baseline and 12 months post-surgery (n = 98). Waist 1 measured at midpoint
between 10th rib and iliac crest. Waist 2 measured at umbilicus level. All changes were statistically significant (p <0.001). Data presented as

median (interquartile range, IQR) or mean + standard deviation (SD).



558

CV Risk and DXA Changes Post-Sleeve Gastrectomy

6.0
**k% *kk *k%k *kk
= 50
°
£
E w0 S
W ~
=] v
o <
= o)
< 3.0 T
£
(5]
=
O 20
1.0 I I | .
Glycemia HbA, TGC HDL
(mmol/L) (%) (mmol/L) (mmol/L)
M Baseline [ 12 months  *** p <0.001

Fig. 2 - Changes in metabolic parameters 12 months after lapa-
roscopic sleeve gastrectomy. Changes in metabolic parameters at
baseline (blue bars) and 12 months post-surgery (green bars). Values
are shown for glycemia (mmol/L), glycated hemoglobin (HbA,, %),
triglycerides (TGC, mmol/L), and HDL cholesterol (mmol/L). Signi-
ficant improvements were observed in all parameters, with dec-
reases in glycemia (5.63 to 4.88 mmol/L), HbA, (4.0 to 3.6%), and
TGC (1.95 to 1.21 mmol/L), while HDL cholesterol increased (1.20 to
1.51 mmol/L). *** indicates statistical significance at p <0.001 for all
comparisons.

Metabolic outcomes

Glucose metabolism markers showed significant improve-
ments (Table 3, Fig. 2). Median fasting glucose levels de-
creased from 5.63 mmol/L (IQR: 1.75) to 4.88 mmol/L (IQR:
0.75) (p <0.001). HbA, _levels reduced from a median of

4.0% (IQR: 1.4) to 3.6% (IQR: 0.6) (p <0.001). The lipid pro-
file demonstrated favourable changes, with median tri-
glyceride levels decreasing from 1.95 mmol/L (IQR: 0.99)
to 1.21 mmol/L (IQR: 0.64) (p <0.001). Mean HDL choles-
terol increased from 1.20 £ 0.30 mmol/L to 1.51 + 0.32
mmol/L (p <0.001). Total cholesterol and LDL cholesterol
did not show statistically significant changes over the
study period.

Correlation analysis

Analysis of the relationships between changes in body
composition and metabolic parameters revealed several
significant correlations (Table 4). The most notable was
a moderate negative correlation between changes in lean
mass and HDL cholesterol (r =-0.331, p <0.001). Weak but
significant correlations were observed between changes
in hip circumference and HbA, (r = -0.258), between
changes in glycemia and waist-to-hip ratio (first measure-
ment: r = 0.235; second measurement: r = 0.250), and be-
tween changes in HbA, and waist-to-hip ratio (first mea-
surement: r = 0.224; second measurement: r = 0.245).

Additional analysis of atherogenic profile

The comprehensive analysis of cardiovascular risk mark-
ers revealed significant improvements in the atherogenic
profile (Table 5). The LDL/HDL ratio decreased from me-
dian (IQR) 2.79 (1.59) to 2.20 (0.91) (p <0.001). Analysis
of the atherogenic index of plasma (AIP), calculated as
log10(triglycerides/HDL cholesterol), showed significant
improvement from baseline to 12-month follow-up. The
median (IQR) AIP decreased from 0.23 (0.30) at baseline,
indicating increased cardiovascular risk, to —-0.10 (0.29) at
12 months, representing low cardiovascular risk (p <0.001).

Table 3 - Changes in metabolic parameters

Parameter

Glycemia (mmol/L), median (IQR)
HbA, (%), median (IQR)

TGC (mmol/L), median (IQR)

HDL cholesterol (mmol/L), mean + SD
Total cholesterol

LDL cholesterol

Baseline 12 months p-value
5.63 (1.75) 4.88 (0.75) <0.001
4.0 (1.4) 3.6 (0.6) <0.001
1.95 (0.99) 1.21 (0.64) <0.001
1.20 £ 0.30 1.51+0.32 <0.001
Not significant change NS
Not significant change NS

Changes in metabolic parameters from baseline to 12 months post-surgery (n = 98). Data presented as median (IQR) or mean + SD.

NS - not significant; TGC - triglycerides.

Table 4 - Correlation analysis of changes in body composition and metabolic parameters

Parameters

A DXA lean mass vs. A HDL

A Hip circumference vs. A HbA,_

A Glycemia vs. waist 1-to-hip ratio
A Glycemia vs. waist 2-to-hip ratio
A HbA,_vs. waist 1-to-hip ratio

A HbA, vs. waist 2-to-hip ratio

Correlation coefficient (R) Strength
-0.331 Moderate

-0.258 Weak

0.235 Weak

0.250 Weak

0.224 Weak

0.245 Weak

Correlation analysis between changes in body composition and metabolic parameters over 12-month follow-up. All correlations significant
at p <0.05. Correlation strength: weak (r = 0.2-0.3), moderate (r = 0.3-0.5), strong (r >0.5).
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Table 5 - Changes in atherogenic profile after laparoscopic

sleeve gastrectomy

Parameter Baseline 12 months  p-value
LDL/HDL ratio,

median (IQR) 2.79(1.59) 2.20(0.91) <0.001
U Y 0.23(0.30) -0.10(0.29) <0.001

of plasma, median (IQR)

AIP was calculated as log10(triglycerides/HDL cholesterol)
Cardiovascular risk interpretation:
* AIP >0.21 increased risk; AIP 0.11-0.21 intermediate risk;
AIP <0.11 low risk;
* LDL/HDL ratio interpretation: Ideal: <2.0; good: <5.0; poor: >5.0

Discussion

This retrospective study demonstrates significant im-
provements in both body composition and cardiovascular
risk factors one year after laparoscopic sleeve gastrec-
tomy, with several notable findings regarding the inter-
relationship between these changes. The median weight
loss of 31.7 kg observed in our cohort aligns with pre-
vious studies,” which reported mean excess weight loss
ranging from 60-70% at one year post-LSG. This weight
loss represents substantial cardiovascular risk reduction,
particularly considering established evidence that each 10
kg of weight loss associates with a 6 mmHg reduction in
systolic blood pressure and improved insulin sensitivity.?

The comprehensive body composition analysis via DXA
revealed substantial reductions in both fat mass (median
reduction 22.3 kg) and lean mass (median reduction 9.6
kg). These findings are comparable to those reported by
previous studies.'* However, our study extends beyond
these observations by examining the metabolic implica-
tions of these compositional changes.

Our analysis revealed clinically significant improve-
ments in cardiovascular risk markers. The marked increase
in HDL cholesterol and substantial decrease in triglycer-
ides, combined with the improvement in LDL/HDL ratio,
represent meaningful reductions in cardiovascular risk.
The magnitude of HDL increase (0.31 mmol/L) is partic-
ularly noteworthy, given that previous studies have as-
sociated each 0.03 mmol/L increase in HDL with a 2-3%
reduction in cardiovascular events.'

The most significant finding of our study was the mod-
erate negative correlation (r =-0.331, p <0.001) between
changes in lean mass and HDL cholesterol levels. This nov-
el observation suggests that excessive lean mass loss may
attenuate improvements in this cardioprotective lipopro-
tein. This relationship likely reflects the role of skeletal
muscle as an endocrine organ,' through myokine secre-
tion. Our findings add to this body of knowledge by sug-
gesting that lean mass preservation during post-bariatric
weight loss might be crucial for optimizing cardiovascular
risk reduction.

The marked reduction in atherogenic index of plasma
represents a clinically significant shift from high to low
cardiovascular risk category. This improvement in AIP,
which is considered a sensitive predictor of cardiovascular
risk, particularly in obesity, suggests that the beneficial ef-

fects of sleeve gastrectomy extend beyond simple weight
reduction to fundamental improvements in lipoprotein
metabolism. The magnitude of AIP reduction shows that
bariatric surgery can lead to substantial improvements in
cardiovascular risk markers, even before maximal weight
loss is achieved.

The improvements in glycemic parameters (median fast-
ing glucose reduction from 5.63 to 4.88 mmol/L) and lipid
profile (triglycerides reduction from 1.95 to 1.21 mmol/L)
are consistent with previous research.® However, our study
uniquely demonstrates weak but significant correlations
between changes in waist-to-hip ratio and both glycemia
(r = 0.235-0.250) and HbA,_(r = 0.224-0.245), suggesting
that improvements in body fat distribution contribute to
enhanced glucose metabolism. These changes in glycemic
parameters contribute to cardiovascular risk reduction
through reduced glycation end-products, improved endo-
thelial function, decreased inflammatory markers, and en-
hanced insulin sensitivity.

These findings have important implications for cardio-
vascular risk management. The significant improvements
in cardiovascular risk factors support considering LSG in
high-risk cardiovascular patients with obesity who have
failed conservative management. When monitoring these
patients, careful attention should be paid to exercise test-
ing protocols and safety measures, particularly in times of
increased infectious disease risk." The inverse relationship
between lean mass loss and HDL improvement suggests
that muscle preservation strategies should be integrated
into post-operative cardiovascular risk management. This
aligns with recent guidelines by major bariatric societies
recommending structured resistance training and ad-
equate protein intake post-operatively.'®'® Furthermore,
regular monitoring of lipid parameters is essential for op-
timizing cardioprotective medication regimens.

Several limitations warrant consideration. The absence
of inflammatory marker data limits our understanding of
inflammation-mediated cardiovascular risk reduction. We
also lack endothelial function measurements and direct as-
sessment of cardiovascular events. While our one-year fol-
low-up provides valuable insights, longer-term studies are
needed to evaluate the durability of these relationships.

Future research directions should explore three criti-
cal areas: determining the optimal fat-to-lean mass re-
duction ratio for maximal metabolic benefits, evaluating
post-operative protocols focused on lean mass preserva-
tion through prospective studies, and developing per-
sonalized strategies based on individual body composi-
tion profiles. These investigations would help establish
evidence-based guidelines for optimizing metabolic out-
comes after bariatric surgery. composition patterns

Conclusions

This study demonstrates that laparoscopic sleeve gastrec-
tomy leads to significant improvements in cardiovascular
risk factors at one year post-surgery, characterized by fa-
vourable changes in atherogenic lipid profile and body
composition. The novel finding of a relationship between
lean mass preservation and HDL cholesterol levels sug-
gests that maintaining muscle mass might be crucial for
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optimizing cardiovascular benefits. These results support
the role of LSG in cardiovascular risk reduction strategies
for patients with severe obesity.
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Uvod: Hypertroficka obstrukéni kardiomyopatie (HOCM) je charakterizovana dynamickou obstrukci vytoko-
vého traktu levé komory (LVOT) zpUsobenou asymetrickou hypertrofii septa a systolickym anteriornim pohy-
bem (SAM) predniho cipu mitralni chlopné. U pacientl s pretrvavajicimi symptomy navzdory optimalizované
farmakoterapii je indikovéna intervencni metoda redukce septalni hypertrofie. Zatimco alkoholova septélni
ablace (ASA) je dlouhodobé zavedenou metodou, endokardiélni radiofrekvencni ablace septélni hypertrofie
(ERASH) se v posledni dobé jevi jako slibna alternativni strategie. Cilem nasi prace je ukazat pilotni vysledky
randomizované studie srovndvajici ucinnost a bezpecnost ERASH a ASA.
Metodika: Cilem této prospektivni, randomizované pilotni studie bylo srovnat ucinnost a bezpe¢nost ERASH
a ASA u symptomatickych pacientli s obstrukéni HOCM refrakterni na medikamentozni terapii. ERASH byla
provedena pomoci katétrové radiofrekvencni ablace septdlni hypertrofie za pouziti 3D elektroanatomic-
kého mapovani, pfitlakovych katétrd a intrakardialni echokardiografie (ICE). ASA spocivala v aplikaci 96%
alkoholu do septalni vétve levé korondrni arterie a v nasledném kontrolovaném infarktu této tepny, ktery
ved| k fibréze septa a jeho ztenceni s naslednou redukci obstrukce vytokového traktu. Gradienty v LVOT
byly invazivné méreny pred vykonem a bezprostiedné po vykonu. Sledovani pacientli probihalov 3., 6. a 12.
mésici a zahrnovalo kontrolu echokardiografickych parametr a klinického stavu pacientt.
Vysledky: Celkem bylo randomizovano 19 pacientd k vykonu ERASH (n = 10) nebo ASA (n = 9) od kvétna
2021 do prosince 2023. Doba vykonu byla signifikantné delsi ve skupiné ERASH (median 180 vs. 30 minut, p
< 0,001), zatimco cas a davka rtg zareni byly srovnatelné (6,24 min/11 000 mGy/cm? ERASH vs. 7,18 min/11
151 mGy/cm? ASA, p = 0,391/0,967). Obé skupiny dosahly vyrazného bezprostiedniho poklesu gradientu ve
vytokovém traktu levé komory (LVOTG). Ve skupiné ERASH se klidovy gradient snizil z medidnu 103 mm Hg
na 22,5 mm Hg a provokovany gradient z 205 mm Hg na 67 mm Hg. Ve skupiné ASA doslo ke snizeni klido-
vého gradientu ze 72 mm Hg na 20 mm Hg a provokovaného ze 155 mm Hg na 54,5 mm Hg. Pfi 12mési¢nim
sledovani zUstévaly klidové gradienty nizké (17,5 mm Hg ve skupiné ERASH vs. 15,5 mm Hg ve skupiné ASA)
a doslo ke zlepseni funkéni tiidy NYHA na 2,25 a 1,75. Také doslo k zlepseni testu Sestiminutovou chlzi
(395,9 mvs. 311,9 m, p = 0.264).
Periproceduralni komplikace byly cetnéjsi ve skupiné ERASH, véetné dvou pfipadi perikardidlniho vypotku
a jedné trvalé atrioventrikularni (AV) blokady, pfevazné u pacientd s predchozimi poruchami prevodniho
systému.
Zavér: V této randomizované pilotni studii prokazala metoda ERASH srovnatelnou ucinnost jako ASA pfi
redukci LVOTG a zlepseni symptomU pacientd. Vyssi vyskyt komplikaci ve skupiné ERASH mudze souviset
s ucebni kfivkou a rizikovym profilem pacientt. ERASH mUize do budoucna predstavovat alternativni metodu
septalni redukce u pacientd s nevhodnou anatomii koronarnich tepen nebo jinymi kontraindikacemi k ASA.
K potvrzeni téchto vysledkl a upfesnéni indikacnich kritérii jsou zapotiebi rozsahlejsi multicentrické studie.
© 2025, CKS.
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ABSTRACT

Introduction: Hypertrophic obstructive cardiomyopathy (HOCM) is characterized by dynamic left ventricular
outflow tract (LVOT) obstruction due to asymmetric septal hypertrophy and systolic anterior motion (SAM)
of the mitral valve. In patients with persistent symptoms despite optimized medical therapy, septal reduc-
tion therapy is indicated. While alcohol septal ablation (ASA) is a well-established catheter-based treatment,
endocardial radiofrequency ablation of septal hypertrophy (ERASH) has recently emerged as a promising
alternative. Aim of our study is to report the pilot data of the randomized study comparing efficacy and
safety of ERASH versus ASA.

Methods: This single-center, prospective, randomized pilot study compared the efficacy and safety of ERASH
versus ASA in symptomatic patients with obstructive HOCM refractory to medical therapy. ERASH procedure
is catheter radiofrequency ablation of septal hypertrophy using contact force-sensing irrigated ablation
catheters guided by 3D electroanatomical mapping with use of intracardiac echocardiography. ASA is based
on injection of 96% alcohol into the septal branch of the left coronary artery to induce a small, controlled
infarction of the hypertrophic septum and consequently abolishes the dynamic outflow obstruction. LVOT
gradients were measured invasively at baseline and immediately post-procedure, and patients were follo-
wed at 3, 6, and 12 months for clinical and echocardiographic reassessment.

Results: Nineteen patients were randomized to undergo ERASH (n = 10) or ASA (n =9) from May 2021 to Feb-
ruary 2023. Procedural duration was significantly longer in the ERASH group (median 180 vs. 30 minu-
tes, p <0.001), while fluoroscopy time and dose (6,24 min/11000 mGy/cm? ERASH group vs 7,18 min/11151
mGy/cm? ASA group, p = 0.391/0,967) were comparable. Both groups achieved substantial immediate reduc-
tions in LVOT gradients. In the ERASH group, resting LVOT gradient decreased from a median of 103 mmHg
to 22.5 mmHg, and provocable gradient from 205 mmHg to 67 mmHg. In the ASA group, resting gra-
dient decreased from 72 mmHg to 20 mmHg, and provocable gradient from 155 mmHg to 54.5 mmHg. At
12-month follow-up, resting gradients remained low (17.5 mmHg in ERASH vs. 15.5 mmHg in ASA), and
NYHA functional class improved to 2.25 and 1.75, respectively. ERASH patients showed a greater improve-
ment in 6-minute walk distance (395.9 m vs. 311.9 m, p = 0.264). Periprocedural complications were more
frequent in the ERASH group, including two pericardial effusions and one permanent arioventricular (AV)
block, mostly occurring in patients with pre-existing conduction disorders.

Conclusion: In this randomized pilot study, ERASH demonstrated comparable clinical and hemodynamic effi-
cacy to ASA in reducing LVOT gradients and improving symptoms. While the complication rate was higher
with ERASH, it may reflect procedural learning curve and baseline patient risk. ERASH may offer an alterna-
tive in patients with unsuitable coronary anatomy or different contraindications to ASA. Larger studies are
needed to confirm these results and optimize patient selection.

Introduction

selective allosteric myosin inhibitors that reduce myocar-
dial oxygen demand and prolong diastolic filling, reduces
actin-myosin cross-bridge formation and lowers LVOT

Hypertrophic obstructive cardiomyopathy (HOCMP) is
characterized by abnormal thickening of the left vent-
ricular myocardium not explained by abnormal hemo-
dynamic conditions.” HOCMP is a common inherited
cardiomyopathy, typically autosomal dominant, caused
by >1,500 mutations across >15 sarcomeric genes,? with
a prevalence of approximately 1: 500 in adults.?

In adults, hypertrophic cardiomyopathy (HCM) is de-
fined by a maximal wall thickness 215 mm in one or more
left ventricle (LV) segments, as measured by any imag-
ing modality, in the absence of other causes.' The ob-
structive form is characterized by left ventricular outflow
tract (LVOT) obstruction with a maximal LVOT gradient
(LVOTG) 230 mmHg at rest and/or after provocation.*
Hemodynamically significant obstruction occurs in up to
~25% of patients with HCM?® and is frequently associated
with systolic anterior motion (SAM) of the anterior mitral
leaflet.

Symptomatic pharmacological treatment is the basis of
HOCMP therapy. Treatment choice is guided by symptoms
and the severity of LVOT obstruction.® Agents with nega-
tive inotropic effects (e.g. betablockers and verapamil)
reduce myocardial oxygen demand, prolong diastolic
filling and decrease LVOT gradient and symptoms. Mava-
camten, the first representative of a new drug group of

gradients with functional improvement (EXPLORER-HCIM;
VALOR-HCM).”® However, pharmacological treatment
has limited efficacy with risk of adverse effects.>'® Con-
temporary guidelines recommend invasive septal reduc-
tion therapy for persistently symptomatic patients, typi-
cally New York Heart Association IlI-IV (NYHA [lI-IV) with
resting or provoked LVOTG >50 mmHg despite guideline-
directed medical therapy.®' Some centers consider earlier
intervention in highly symptomatic NYHA Il with marked
provocable gradients and SAM-related mitral regurgita-
tion." Reducing LVOTG is strongly associated with im-
proved survival compared to healthy population.

The oldest method to reduce LVOTG is surgical septal
myectomy (Morrow procedure), introduced in the 1960s
and still considered the gold standard in many centers,
especially in the United States. The principle is resection
of the hypertrophic basal interventricular septum (IVS) to
the papillary muscle bases with selective mobilization.
Concomitant mitral valve surgery is required in ~11-20%
of patients.™ In experienced centers, operative mortality
is ~<1-2%, and permanent pacemaker (PPM) dependency
is ~4% after septal myectomy.

Less invasive strategies such as dual-chamber pacing
were explored in the 1970s,'® aiming to alter activation
and lessen dynamic obstruction. The principal is the api-
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cal preexcitation effect, which is the shortening of the
atrioventricular conduction interval. First, contraction of
the apex and apical part of the IVS is present, while the
basal parts of the IVS participate in LVOT narrowing and
contract at the end of systole, which leads to improved
ejection fraction of the left ventricle, however, it is not
longer recommended for LVOTG reduction.

Alcohol septal ablation (ASA) was first reported by
Sigwart in 1994." This catheter-based intervention relies
on the injection of 96% alcohol into the septal branch
of the left coronary artery to induce a small, controlled
infarction of the hypertrophic septum and consequently
abolishes the dynamic outflow obstruction (in the case of
a suitable coronary artery anatomy). LVOTG decrease was
correlated with a significant clinical improvement in the
patient’s symptomatology and left ventricular remodel-
ing. Periprocedural mortality is <1% in tertiary centers,
and survival approaches that of the general population.'®
Atrioventricular (AV) block is the principal complication
(temporary or permanent ~20-50%) with a need of pace-
maker implant rates 7-20%, especially with pre-existing
LBBB or larger alcohol volumes." A total volume of 2 ml
is generally safe. Higher doses of alcohol are slightly more
effective in reducing LV obstruction and result in a high-
er incidence of peri-procedural complete heart block,?
and other severe risks are potential developing defects
of the interventricular septum. Therefore, ASA should
be indicated in cases of IVS thickness >15 mm as recom-
mended by American guidelines in 20112'and >16 mm as
recommended by European guidelines in 2014." After the
procedure, reduction of LVOTG significantly decreased
total mortality, which is likely comparable to the healthy
population.?? However, in 10-15% of patients, ASA could
not be performed because of unsuitable coronary artery
anatomy.®

Endocardial radiofrequency ablation of septal hyper-
trophy (ERASH) seems to be a new method to reduce sep-
tal hypertrophy. Principally, this is catheter-based ablation
procedure that targets the hypertrophied basal interven-
tricular septum to reduce LVOT obstruction.?®* Using ret-
rograde transaortic or transseptal access, an irrigated RF
catheter delivers focal lesions at the mitral-septal contact
zone under fluoroscopy plus electroanatomic mapping
with intracardiac echocardiography guidance. The aim is
to create localized hypokinesis and lessen SAM-mediated
obstruction, lowering resting and provocable gradients.
ERASH is repeatable, avoids coronary injury, and — when
guided by 3 D mapping/ICE - can be performed with low
risk of complications; the principal safety concerns are
conduction block (occasionally requiring pacing) and, less
commonly, pericardial effusion.

ERASH first emerged in the early 2000s as a catheter-
based alternative to surgical myectomy and alcohol septal
ablation for obstructive HCM. The first clinical experience,
reported by Lawrenz and colleagues in 2004, demonstrat-
ed technical feasibility: after two inconclusive transseptal
attempts, a stable retrograde approach with an irrigated
catheter achieved a substantial decrease in resting and
provocable LVOT gradients.? Larger retrospective series
from the same group six years later were made on 19 pa-
tients using electroanatomic mapping and irrigated RF
energy via right- or left-ventricular approaches, showing

consistent reductions in resting and provocable gradients
and improvement in NYHA class, while also revealing
the main deal - conduction injury (complete AV block in
~21% requiring pacing) and a small risk of pericardial ef-
fusion.®

Parallel pediatric work from Emmel et al. described
two children with meaningful gradient reduction,? and
Sreeram et al. subsequently reported a 32-patient pedi-
atric cohort with sustained hemodynamic improvement
over long follow-up, tempered by rare serious events in-
cluding one death from paradoxical obstruction and oc-
casional pacemaker implantation for AV block.?”

By 2016, a transseptal series from Crossen et al. (n=11)
demonstrated a decrease in the gradient and symptom-
atic benefits, again with a measurable risk of permanent
pacing.?® Beaser et al. explored ERASH against pharma-
cologic comparators such as disopyramide, showing sub-
stantial early gradient reduction.?

Taken together, these studies trace ERASH's evolution
to focused, image-guided therapy: a repeatable option
that consistently reduces LVOT gradients and improves
symptoms. However, conduction system injury stays as
the principal periprocedural risk to be avoided.?

Despite of these studies, there still remains a lack
of randomized studies directly comparing the two ap-
proaches. Our study reports pilot data from a prospective
randomized trial designed to evaluate and compare the
efficacy and safety of ERASH versus ASA in patients with
symptomatic hypertrophic obstructive cardiomyopathy
who remained refractory to optimal medical therapy.

Methods

Study design

The primary aim of our study was to conduct a compara-
tive evaluation of the efficacy and safety of endocardial
radiofrequency ablation of septal hypertrophy (ERASH)
versus alcohol septal ablation (ASA) in patients with
symptomatic hypertrophic obstructive cardiomyopathy
(HOCM) who remained refractory to optimal medical
therapy. Specifically, we sought to determine whether
ERASH, as a catheter-based alternative to ASA, could
achieve comparable reduction in LVOTG, symptom relief,
and functional capacity, while maintaining an accepta-
ble procedural risk profile. The study was a single-center,
open-label, prospective, randomized pilot comparison.

Patient population

Eligible patients had symptomatic obstructive HCM with
resting or provocable LVOTG >50 mmHg despite optimi-
zed medical therapy; IVS thickness 216 mm; and NYHA
class >lll or progressive class Il with significant daily-life
limitation.

All patients were evaluated in a specialized heart-
failure outpatients clinic. Baseline assessment included
transthoracic echocardiography (TTE), clinical status, and
optimization of pharmacotherapy. Cardiac MRI, genetic
testing, 24-h Holter monitoring, and sudden cardiac
death risk stratification were done.

Each patient had TTE performed at screening (pre-ran-
domization) and at 3-, 6-, and 12-month follow-up. LV
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Fig. 1 - Principle of the alcohol septal ablation. (A) Introduction of the guidewire to ramus septalis, (B) occlusion of the artery with ballon,
(C) introduction of the alcohol, (D) obstruction of artery, arteficial infarction.

dimensions, IVS thickness, left atrial diameter, left ven-
tricle ejection fraction (LVEF), presence of SAM, and dia-
stolic parameters were obtained from standard paraster-
nal long-axis and apical four-chamber views. LVOTG was
measured by continuous-wave Doppler at rest and during
Valsalva maneuver.

Patients who agreed with interventional method of
treatment underwent coronary angiography due to
check anatomy of coronary arteries. That was a part of
screening protocol.

After we checked inclusion criteria and informed con-
sent was signed, patients were randomized to ASA or
ERASH group

Alcohol septal ablation

A temporary RV pacing lead was placed before ASA for
brady-arrhythmia backup. Left coronary angiography de-
lineated septal branches. A pigtail catheter recorded LV-
-to-aortic gradients at rest and with provocation (Valsalva
maneuver). An over-the-wire balloon catheter was positi-
oned in the target septal branch; echocontrast injection
confirmed myocardial territory (echo-guided approach).
Ethanol (96%) was administered, approximately 2 mL,
followed by 10-min balloon occlusion and repeat gradi-
ent assessment. Final angiography excluded non-target
injury/no-reflow. Temporary pacing remained in situ for
~24 h; telemetry monitoring continued for >48 h in in In-

tensive Care Unite (ICU) up to 5 days total. Alcohol dose
limits and pacemaker thresholds followed center proto-
col (Fig. 1).

Endocardial radiofrequency ablation of septal
hypertrophy

Procedure was performed in a standard electrophysiology
laboratory. For ablation, via v. femoralis I. dx., Agilis stea-
rable sheath for transeptal aproach was introduced and
for retrograde approach 9F standard sheath to the right
femoral artery was introduced. An 8F standard ablation
catheter with irrigation tip and contact force technology
TactiCath™ SE (Abbott, Chicago, IL, USA), or THERMO-
COOL SMARTTOUCH® (Biosense Webster, Diamond Bar,
CA, USA) were used for ablation. The rest of catheters:
decapolar 7F catheter to coronary sinus, quadrupolar
catheter on His and intracardiac ultrasound probe was
inserted via left femoral vein. Electroanatomy map of
the left ventricle was created with 3D electroanatomi-
cal mapping system EnSite Precision™ Mapping System
(Abbott, Chicago, IL, USA) or CARTO®3 System, (Biosense
Webster, Diamond Bar, CA, USA). The whole procedure
was performed with multichannel electrophysiology dia-
gnostic system LabSystem PRO EP Recording System (Bos-
ton Scientific, Marlborough, MA, USA) and intracardiac
ultrasound (ICE) AcuNav® (Siemens, Biosense-Webster)
(Fig. 2). Measurements of LVOTG in rest and after Valsal-
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Fig. 2 - Endocardial radiofrequency ablation of septal hypertrophy, images from intracardial ultrasound. (A) Hypertrophic septum, (B) con-

tact of catheter with myocardium, (C, D) creating ablation lessions.

T.Time

*AmpAmanamal.

Fig. 3 - Three dimensional electroanatomical map of the left ventricle (grey) and ascendent aorta (violet) created during ERASH. (A) The hy-
pertrophic septum is clearly visible as an imprint in the left ventricle model. Blue dots are tags created during mapping of the left ventricle
and bordering septal hypertrophy. Yellow points marked conduction system. White and red points marked regions of the radiofrequency
ablations. (A) Modified inferior projection, (B) anteroposterior projection.

va maneuver were performed with pigtail catheter. His
potentials were marked to the electroanatomy map to
avoid demage of the conduction system (Fig. 3). Ablati-
on targeted the basal septum at the mitral-septal contact
zone, with iterative reassessment of gradients. Anticoa-
gulation was hold with ACT about 300. Radiofrequency
ablation of the sepum was done with power 35-40 W
and irrigation 30 ml/min under the ICE and 3D mapping
control. After ablation, measurements of gradient were
performed with pigtail catheter again. Post-procedure,
patients were monitored on the arrhythmology unit for
arrhythmias and complications eventually.

Clinical follow-up

Follow-up visits occurred at 3, 6, and 12 months for cli-
nical assessment, TTE, ECG/Holter, and medication adjus-
tment. At 12 months, we obtained 6-minute walk test.
Patients continued routine care thereafter.

Statistical analysis

Statistical analysis was performed with the programming
language R in the integrated development environment
R studio. Results with a p-value below 0.05 were consi-
dered statistically significant. Continuous variables are
presented as mean = standard deviation (SD) or median
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(interquartile range). Categorical variables are presented
as numbers with percentages. Data were tested for nor-
mality using Shapiro-Wilk test and graphically using Q-Q
plots and histograms. Mann-Whitney test was used to de-
termine differences in continuous variables between two
groups. Chi-square test was used to determine an associ-
ation in categorical variables.

Results

Baseline patient characteristics

Between May 2021 and February 2023 a total of 19 pati-
ents was enrolled and randomized to the ERASH group
(n =10) or ASA group (n = 9). Baseline characteristics are
comparable, only ERASH group had a trend to the higher
BMI (29.4 vs. 25.8 kg/m?, p = 0.055). Most patients were
highly symptomatic, with median NYHA class Il in both
groups at baseline (p = 0.087). For details see Table 1.

Baseline echocardiographic parameters did not differ
significantly between groups. Mean interventricular sep-
tal (IVS) thickness was similar (18.5 mm in ERASH vs. 18
mm in ASA, p = 0.123), as resting and provocable LVOT
gradients were (p = 0.905 and p = 0.252, respectively). Sys-
tolic anterior motion (SAM) of the mitral valve was pres-
ent in nearly all patients (100 % in ERASH, 88.9% in ASA;
p = 0.957). Left atrial diameter was significantly larger in
the ASA group (50 mm vs. 41.5 mm; p = 0.037).

Periprocedural results

Procedural parameters are shown in Table 2. Procedu-
re time was significantly longer in the ERASH group
(median 180 vs. 30 minutes, p <0.001), reflecting the
complexity of 3D mapping and ablation strategy. Ho-
wever, fluoroscopy time (7,18 min for ASA group vs
6,24 min for ERASH group, p = 0.391) and radiation dose
(11151 mGy/cm? vs 11000 mGy/cm?, p = 0.967) were simi-
lar between groups.

Table 1 - Baseline characteristics of patients

Baseline characteristics ASA (N=9) ERASH (N = 10) p-value
Male 4 (44,4) 3(30.0) 0.861
Age 60 (48-70) 67 (61-70) 0.595
BMI (kg/m?) 29.43 (27.77-30.02) 25.82 (23.51-27.61) 0.055
Initial NYHA 3(3-3) 2.5(2.5-3) 0.087
6M walking test (m) 405 (300-462.5) 336 (318.7-404.4) 0.606
Hypertension 4 (44.4) 8 (80.0) 0.259
Diabetes mellitus type 2 2(22.2) 2 (20.0) >0.999
Medication
Calcium blockers 9 (100.0) 10 (100.0) -
Betablockers 6 (66.7) 8 (80.0) 0.891
Anticoagulant therapy or antiplatelet therapy 5 (55.6) 3 (30.0) 0.508
Echocardiography parameters
Ejection fraction (%) 65 (65-75) 72.5 (70-75) 0.209
LVOTG in rest before (mmHg) 90 (67-153) 99 (53-133) 0.905
LVOTG Valsalva before (mmHg) 140 (90-200) 105 (72-128) 0.252
SAM 8(88.9) 10 (100.0) 0.957
IVS thickness (mm) 18 (17-18) 18.5 (17-22) 0.123
LA diameter (mm) 50 (45-54) 41.5 (39-47) 0.037
E (m/s) 0,96 (0.86-1.06) 0,84 (0.62-0.99) 0.230
E" med (m/s) 0.06 (0.05-0.06) 0.05 (0.04-0.05) 0.099
E" lat (m/s) 0.07 (0.06-0.1) 0.06 (0.06-0.07) 0.134
E/E" med 17.22 (15.5-19.5) 17.05 (13-21.25) 0.284
E/E” lat 12.29 (9.45-17.37) 14.83 (10-16.83) 0.633
LV diameter 43 (39-48) 39.5 (37-46) 0.413
Mi regurgitation

1 1(11.1) 0(0.0)

1.5 4 (44.4) 7 (70.0) 0.400

2 1(11.1) 0(0.0)

25 3(33.3) 2 (20.0)
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Table 2 - Periprocedural parameters

Periprocedural parameters ASA (N=9) ERASH (N = 10) p-value
Procedure time (minutes) 180 (124-223) 30 (22-35) <0.001
X ray time (min) 7.18 (5.8-18.8) 6.24 (4-10.51) 0.391

X ray dose (mGy/cm?) 11151 (8191-21030) 11000 (8000-21500) 0.967
Number of RFA 17 (16-35) - -

Time of RFA 577 (483-891) - -
LVOTG beginning of procedure / in rest (mmHg) 72 (19-107) 103 (77-113) 0.270
LVOTG beginning of procedure / Valsalva (mmHg) 155 (73-166) 205 (105-250) 0.066
LVOTG end of procedure / rest (mmHg) 20 (7.5-57) 22.5 (8-68) >0.999
LVOTG end of procedure / Valsalva (mmHg) 54.5 (41-130.5) 67 (49-128) 0.896
LVOTG delta in rest (mmHg) 56.5 (10.1-64.5) 73.5 (33-95) 0.3281
LVOTG delta Valsalva (mmHg) 40.9 (12.5-104) 108.5 (39-131) 0.09121

Table 3 - Periprocedural complications
Periprocedural complications

Hemodynamically significant effusion

Complete AV block requiring pacemaker implant
Temporary pacing required

Onset of LBBB

Onset of RBBB

Jugular vein trombosis

ASA (N =9) ERASH (N = 10)
0 2
0 1
1 0
0 1
5 1
1 0

Follow-up at 3 months ASA (N=9) ERASH (N = 10) p-value
LVOTG rest (mmHg) 22 (8-62) 18 (13-21) 0.682
LVOTG Valsalva (mmHg) 55 (12-111) 44.5 (25-59) 0.967
SAM 7(77.8) 7 (70.0) 0.567
IVS thickness (mm) 16 (14-17) 15.5 (12-18) 0.967
LVEF (%) 62 (55-65) 66 (60-70) 0.157
LA diameter (mm) 46 (40-51) 43 (41-46) 0.346
E (m/s) 0.83 (0.71-1.43) 0.76 (0.64-0.87) 0.449
E"med (m/s) 0.06 (0.05-0.07) 0.05 (0.04-0.06) 0.218
E" lat (m/s) 0.08 (0.08-0.09) 0.06 (0.05-0.07) 0.020
E/E" med 16.05 (10.44-23.75) 13.65 (12.57-17.75) 0.722
E/E" lat 11.81 (7.94-17.03 12.7 (8.88-14.5) 0.964
LV diameter (mm) 42 (41-47) 42.5 (38-48) 0.837

Both groups showed substantial reduction in LVOT
gradients immediately after the procedure. In the ERASH
group, median resting gradient decreased from 103
mmHg to 22.5 mmHg and provocable gradient from 205
mmHg to 67 mmHg. In the ASA group, resting gradient
declined from 72 mmHg to 20 mmHg and provocable
gradient from 155 mmHg to 54.5 mmHg. Intergroup dif-
ferences in postprocedural gradients were not statisti-
cally significant.

Periprocedural complications were more frequent in
the ERASH group. Two patients developed a hemody-

namically significant pericardial effusion requiring drain-
age. One patient developed a complete AV block neces-
sitating permanent pacemaker implantation, and another
required temporary pacing. Notably, both cases of com-
plete AV block occurred in patients with preexisting right
bundle branch block. One patient developed new-onset
left bundle branch block. In the ASA group, one transient
complete AV block resolved during hospitalization. Five
patients developed new right bundle branch block, and
one experienced jugular vein thrombosis associated with
temporary pacing. For details see Table 3.
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Table 5 - Follow-up at 6 months

Follow-up at 6 months
LVOTG rest (mmHg)
LVOTG Valsalva (mmHg)
SAM

IVS thickness (mm)

LVEF (%)

Diameter left atrium (mm)
E (m/s)

E”med (m/s)

E’ lat (m/s)

E/E" med

E/E’ lat

LV diameter (mm)

ASA (N=9) ERASH (N = 10) p-value
16 (10-24) 20 (17-33) 0.513
55 (30-111) 49.5 (34-61) 0. 548
16 (15-17) 12.5 (11-15) 0.032
5 (55.6) 3(30.0) 0.474
65 (60-70) 66 (60-70) >0.999
50 (39-53) 43.5 (38-46) 0.059
0.8 (0.64-1.47) 0.79 (0.59-0.91) 0.315
0.06 (0.06-0.06) 0.05 (0.04-0.06) 0.165
0.07 (0.07-0.07) 0.06 (0.05-0.08) 0.074
10.5 (10-24.83) 15.17 (13.29-18.25) 0.525
11.43 (9.14-21) 11 (9.83-14.33) 0.489
44 (44-47) 42.5 (41-45) 0.592

Table 6 - Follow-up at 12 months

Follow-up at 12 months

Echocardiography parameters

Ejection fraction (%)
LVOTG in rest (mmHg)

LVOTG Valsalva before (mmHg)

SAM
IVS thickness (mm)

Diameter of left atrium (mm)

E (m/s)
E" med (m/s)
E" lat (m/s)
E/E" med
E/E" lat
LV diameter (mm)
Mi regurgitation
1
1,5
2
Initial NYHA
6M walking test (metres)
Medication
Ca blockers

Betablockers

Anticoagulation therapy or antiplatelet therapy

ASA (N =9) ERASH (N = 10) p-value
65 (62.5-67.5) 70 (65-70) 0.163
15.5 (9-26) 17.5 (10-25) 0.9291
68.5 (20-90) 41 (28-45) 0.306
2(22.2) 7 (70.0) 0.1547
15.5 (14-17.5) 15.5 (14-20) 0.9642
50 (39-53) 42.5 (39-45) 0.078
0.67 (0.53-1.11) 0.7 (0.58-1.1) 0.896
0.06 (0.06-0.07 0.06 (0.05-0.06) 0.059
0.08 (0.07-0.09) 0.06 (0.05-0.06) 0.002
9.29 (7.17-24.83) 13.4 (9.67-21.33) 0.469
8.75 (7.46-12.92) 13.5(9.67-18.33) 0.138
44.5 (42-48) 46 (41-48) 0.656
4 (44.4) 2 (20.0)

3(33.3) 5 (50.0) 0.171
1(11.1) 0(0.0)

2.25 (2-2.5) 1.75 (1.5-2) 0.202
311.95 (255-343.6) 395.9 (381-436) 0.242
5 (55.6) 3(30.0) 0.508
9 (100.0) 9 (90.0) >0.999
4 (44.4) 3(30.0) 0.860

Follow-up

Follow-up at 3 months

ly decreased in both groups (15.5 vs. 16 mm, p = 0.967),
and LVEF remained preserved. For details se Table 4.

At 3 months, both groups maintained lower LVOT gra-  Follow-up at 6 months

dients. Resting gradients were 18 mmHg (ERASH) vs. 22 At 6 months, the resting and provocable LVOT gradients
mmHg (ASA), and provocable gradients were 44.5 mmHg remained stable: 20 mmHg (ERASH) vs. 16 mmHg (ASA)
vs. 55 mmHg, respectively (p = NS). Septal thickness slight-  at rest; 49.5 mmHg vs. 55 mmHg with Valsalva. Septal

thickness and left atrial diameter showed continued
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downward trends without significant differences. Diasto-
lic indices remained stable. A significantly lower residual
SAM grade was observed in the ERASH group (median
12.5 mm vs. 16 mm; p = 0.032). For details see Table 5.

Follow-up at 12 months

At 12 months, both groups maintained improved hemo-
dynamic and symptomatic status. Resting LVOT gradients
were 17.5 mmHg (ERASH) and 15.5 mmHg (ASA), with
provocable gradients 41 mmHg vs. 68.5 mmHg (p = NS).
IVS thickness remained similar between groups. NYHA
functional class improved from baseline to 2.25 (ERASH)
and 1.75 (ASA) (p = 0.202). Six-minute walk distance im-
proved in both groups, with a trend to bigger improve-
ment in the ERASH cohort (395.9 mvs. 311.9 m, p = 0.264).
Mild to moderate mitral regurgitation persisted in several
patients, but no progression was noted. Diastolic func-
tion parameters (E/E') and LA size showed the modest
improvement without statistical significance. For details
see Table 6.

Discussion

Endocardial radiofrequency ablation is an established
therapeutic modality for cardiac arrhythmias; its adapta-
tion for the treatment of obstructive hypertrophic cardio-
myopathy (ERASH) represents an innovative catheter-ba-
sed alternative to traditional septal reduction therapies.
ERASH could reduce left ventricular outflow tract gradi-
ents reproducibly and improve symptoms in carefully se-
lected patients with hypertrophic obstructive cardiomyo-
pathy.

In this pilot randomized study, we performed a com-
parison of ERASH and alcohol septal ablation and our
findings suggest that both modalities achieved signifi-
cant periprocedural reductions in LVOT gradients, with
comparable fluoroscopy time and radiation exposure.
Procedure duration was longer in the ERASH group,
likely reflecting the complexity of endocardial mapping
and lesion delivery. While both techniques were gen-
erally safe, the overall complication rate was higher in
the ERASH group - predominantly related to pericardial
effusion and conduction system disturbances. Probably
also due to learning curve of operaters, and notably,
the occurrence of complete atrioventricular block was
observed primarily in patients with pre-existing right
bundle branch block. These findings underscore the im-
portance of a precise conduction system mapping, intra-
cardiac echocardiography guidance, and individualized
risk assessment.

Septal myectomy and ASA remain the current stan-
dard-of-care options for patients with drug-refractory ob-
structive HCM. However, the recent introduction of car-
diac myosin inhibitors, such as mavacamten, has altered
the therapeutic landscape by offering a pharmacologic
means of gradient reduction, potentially decreasing the
need for septal reduction therapy in selected patients.
Despite these new treatment, ERASH may hold distinct
value for patients who are not candidates for ASA or my-
ectomy — particularly those with unsuitable septal artery
anatomy, or high surgical risk. ERASH reduces LVOT ob-

struction not by extensive septal thinning but through
the creation of focal myocardial hypokinesis at the mi-
tral-septal contact point, which disrupts systolic anterior
motion of the mitral valve. This effect highlights the im-
portance of accurate lesion depth, and controlled deliv-
ery of radiofrequency energy using contact force-sensing
catheters and advanced mapping systems.

The safety profile of ERASH must be carefully consid-
ered. The risk of high-grade atrioventricular block neces-
sitates detailed mapping of the His-Purkinje system, cau-
tious energy titration. ERASH should be approached with
caution in patients with baseline RBBB, given the po-
tential for iatrogenic left bundle branch block to aquire
complete heart block. Furthermore, the risk of pericardial
effusion, although low, needs real-time imaging with ICE,
adherence to anticoagulation protocols, and precise post-
procedural observation.

Limitations

This study was limited by a small sample size and potenti-
onally, learning curve effects could have influenced out-
comes in the ERASH group. Larger, multicenter trials with
standardized imaging protocols and long-term follow-up
are needed.

Conclusion

In conclusion, this pilot randomized comparison, ERASH
and ASA achieved significant reductions in LVOTG with
symptomatic improvement at 12 months. Procedure du-
ration was longer with ERASH but fluoroscopy time/dose
were similar. Complications were more frequent with
ERASH, particularly pericardial effusion. Probably it was
associated with standard potential risk and complicati-
ons of radiofrequency catheter ablation with transseptal
approach. Secondly, conduction disturbances in patients
with baseline RBBB. Pacemaker implant was needed in
one case, in second case just temporary pacing with fo-
llowing restitution of sinus rhythm. This means amount
of complete AV block occured in 11,1 % almost compa-
rable amount to ASA procedure known from registers.
Careful patient selection, conduction system mapping,
and ICE guidance are essential for this method. Larger,
multicenter trials are warranted to define long-term effi-
cacy, safety, and patient selection criteria.

Septal myectomy and ASA remain the current standard-
of-care options for patients with drug-refractory obstruc-
tive HCM. However, ERASH may represent a valuable and
effective option for selected patients, particularly those
with challenging anatomy or contraindications to ASA.
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Uvod: Pooperaéni infekce a dehiscence sternalni rany jsou zévazné komplikace kardiochirurgickych operaci,
které prodluzuji délku hospitalizace a zvysuji nédklady na zdravotni péci. U vysoce rizikovych pacientl je
standardni péce o rdnu pro prevenci této komplikace nedostatecnd. Diky nasim rozsahlym zkuSenostem
s podtlakovou terapii rdny (NPWT) pfi komplikacich po sternotomii predpokladdme, ze okamzité osetieni
rany touto technikou maze snizit vyskyt komplikaci rany.
Metody: Provedli jsme prospektivni, randomizovanou, nezaslepenou studii srovnavajici tc¢innost profylak-
tické NPWT (Prevena) aplikované na uzaviené sternotomii (n = 40) oproti standardnimu pievazu rany (n =
40) u pacientl s vysokym rizikem infekce sternalni rany po kardiochirurgickém vykonu. Primarni vysledky
zahrnovaly vyskyt poruch hojeni rany a délku hospitalizace. Komplikace rany jsme kontrolovali sedm dni po
operaci a poté ve tiech mésicich.
Vysledky: Studie zahrnovala 80 pacientt (64 muzd, 16 Zen; primérny vék 65,4 roku), ktefi byli do studie
zafazeni od dubna 2023 do ledna 2024. Mezi komorbidity patfily diabetes mellitus (82,5 %), obezita (index
télesné hmotnosti [BMI] > 30; 82,5 %), chronické obstruk¢ni plicni nemoc (21,3 %), aktivni koureni (20 %),
rendlni insuficience (12,5 %) a uzivani kortikosteroidu (13,8 %). Oboustranny odbér vnitini mamarni tepny
(BIMA) byl proveden v 18,8 % pfipadd. Po sedmi dnech po operaci se vyskytly komplikace v rané u ¢tyf paci-
entd ve skupiné Prevena (10 %) a u sedmi v kontrolni skupiné (17,5 %) (hodnota p = 0,52). Po tfech mésicich
byla hluboka infekce rany pfitomna u jednoho pacienta ve skupiné Prevena (2,5 %) a u dvou pacientt v kon-
trolni skupiné (5 %) (hodnota p = 1,00). Median délky hospitalizace byl srovnatelny mezi skupinou Prevena
(12 dni) a kontrolni skupinou (11 dni) (hodnota p = 0,75).
Zavér: Preventivni podtlakova Iécba ran snizuje vyskyt komplikaci hojeni ran u vysoce rizikovych pacientd,
i kdyz ve studii nebyl statisticky vyznamny. Ackoli studie neprokazala vyznamny vliv na délku hospitalizace,
potencialni snizeni vyskytu komplikaci rany si zaslouzi dalsi zkoumani. Ke zjisténi ucinnosti a nakladové
efektivity této preventivni strategie jsou nutné rozsahlejsi studie.

© 2025, CKS.

ABSTRACT

Background: Postoperative sternal wound infections and dehiscence are serious complications of cardiac sur-
gery that increase the length of hospital stay and healthcare costs. Standard wound care may be insufficient
for preventing these complications in high-risk patients.

Methods: We conducted a prospective, randomized study comparing the efficacy of closed incisional negative
pressure wound therapy (ciNPWT) using Prevena (study group) versus standard wound dressing (control group)
in patients at high risk of sternal wound infections following cardiac surgery. Primary outcomes included the
incidence of sternal wound infection at seven days and three months postoperatively, and length of hospital stay.
Results: The study cohort comprised 80 patients (64 male, 16 female; mean age 65.4 years) randomized into two
groups with 40 patients in each. At 7 days post-operation, there were four patients with sternal wound infection
in the study group (10 %) and seven in the control group (17.5%) (p-value=0.52). At 3 months, deep wound in-
fections were present in 1 patient in the study group (2.5%) and 2 in the control group (5%) (p = 1.00). Median
length of hospital stay was comparable between the study (12 days) and control (11 days) groups (p-value = 0.75).
Conclusions: Preventive negative pressure wound treatment showed a trend towards reducing the incidence
of wound healing complications in high-risk patients following cardiac surgery, although the differences
were not statistically significant. Further large-scale studies are warranted to establish the efficacy and cost-
-effectiveness of this preventive strategy.
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Introduction

Despite all the improvements in modern cardiac surge-
ry, sternal wound infections remain a significant concern.
These complications are associated with increased mor-
bidity, mortality, length of hospital stay and cost."? They
are particularly prevalent in high-risk patient groups,
especially obese patients, those with diabetes, chronic
obstructive pulmonary disease (COPD), and those under-
going bilateral internal mammary artery (BIMA) harves-
ting.3”’

Sternal wound infections (SWI) can be classified as su-
perficial sternal wound infection (SSWI) or deep sternal
wound infection (DSWI). SSWI involve the skin, subcuta-
neous tissue, and the pectoralis fascia. Sternal wounds
with bony involvement and signs of infection in the me-
diastinum are classified as DSWI." The prevalence of SSWI
ranges from 0.5% to 8% with a combined morbidity and
mortality of 0.5% to 9%."* DSWI prevalence ranges from
0.4% to 5% with mortality rates ranging from 19% to as
high as 40%.136

Traditional strategies for preventing sternal wound
complications have focused on optimizing patient risk
factors, improving surgical technique, and implementing
strict perioperative infection control measures."” These
include preoperative skin preparation, appropriate an-
tibiotic prophylaxis, meticulous surgical technique, and
postoperative wound care."” Despite these measures,
sternal wound infections remain a persistent problem,
particularly in high-risk patients.

Negative pressure wound therapy (NPWT) has been
widely studied and used for treating postoperative
open wound complications. Its application as a pro-
phylactic measure on closed surgical incisions, closed
incision negative pressure wound therapy (ciNPWT), is
relatively less utilized nor studied. The Prevena™ Inci-
sion Management System (KCl USA, Inc., San Antonio,
TX) is one such ciNPWT device designed specifically for
closed surgical incisions. It provides a sterile, closed en-
vironment, maintains wound edge approximation, and
reduces tension on the incision, potentially decreasing
the incidence of wound complications.® Studies have
shown that ciNPWT can significantly reduce the inci-
dence of SWIs in high-risk patients, particularly those
with obesity, diabetes, and those undergoing BIMA
harvesting.34

Given the significant morbidity and mortality associ-
ated with sternal wound complications, and the potential
benefits suggested by early studies, there is a clear need
for further investigation of ciNPWT in high-risk cardiac
surgery patients. We hypothesized that immediate ap-
plication of ciNPWT to closed sternal incisions could de-
crease the incidence of sternal wound infection in this
population.

This study aims to contribute to the growing body of
evidence regarding the use of ciNPWT in cardiac surgery
and to inform clinical decision-making regarding its use
in high-risk patients. By analyzing sternal wound healing
outcomes in specific well-defined high-risk patient sub-
groups in the study, we hope to provide valuable insights
into the potential benefits of ciNPWT for these specific
patient groups.

Methods

Study design and patients

We conducted a prospective, randomized study from Ap-
ril 2023 to January 2024 at the Department of Cardiac
Surgery, University Hospital in Hradec Kralové, Czech
Republic. The study protocol was approved by the insti-
tutional ethics committee, and all patients gave written
informed consent.

Eligible patients were adults undergoing elective car-
diac surgery via median sternotomy who had at least
two of the following risk factors: diabetes mellitus, obe-
sity (BMI >30 kg/m?), COPD, active smoking, renal insuf-
ficiency, corticosteroid use, or planned BIMA harvesting.
Exclusion criteria included emergency surgery, redo ster-
notomy, and known allergy to dressing materials. Eli-
gible patients were randomly assigned in a 1 : 1 ratio to
receive either prophylactic ciNPWT using the Prevena™
Incision Management System (study group) or standard
wound dressing (control group). Randomization was
performed using a computer-generated sequence. In
the study group, the Prevena™ dressing was applied to
the closed surgical incision immediately after skin clo-
sure in the operating room and left in place for 7 days.
In the control group, standard sterile wound dressings
were applied and changed as per our institution’s pro-
tocol, usually every 2 to 3 days.

Our primary outcomes were the incidence of sternal
wound infection at seven days and three months post-
operatively, and length of hospital stay. Sternal wound
infections were classified as superficial or deep wound
infections based on the Centers for Disease Control and
Prevention criteria.® We further compared the outcome
of treatment using ciNPWT or standard dressings in spe-
cific high-risk patient sub-groups, stratified according to
comorbidities.

Statistical analysis

Continuous variables are presented as mean * standard
deviation or median (interquartile range), and categorical
variables as numbers and percentages. Between-group
comparisons were performed using Student’'s t-test or
Mann-Whitney U test for continuous variables and chi-
-square or Fisher’s exact test for categorical variables.
A p-value <0.05 was considered statistically significant.
All analyses were performed using NCSS 2021 Statistical
Software 2021 (NCSS, LLC. Kaysville, Utah, USA, ncss.com/
software/ncss).

Results

Baseline characteristics

Eighty patients were enrolled and randomized into two
groups, 40 patients in each group. Baseline characteristics
were generally well-balanced between the groups (Table
1). Eighty percent of the study population were male.
Sixty-six patients had diabetes and 66 were obese with
BMI >30. Patients in the study group were slightly older
and had higher BMI. The study group had slightly more
comorbidities compared to the control group. The use of
BIMA grafting was similar between the groups.



S. Timbilla et al.

573

Table 1 - Baseline characteristics of study participants

Characteristic Study group (n = 40) Control group (n = 40) p-value
Age, years (mean = SD) 66.4+7.4 64.4 + 10.5 0.58
Male sex, n (%) 31(77.5) 33 (82.5) 0.58
BMI, kg/m? (mean = SD) 129 61365 228 08351} 035
Diabetes mellitus, n (%) 35 (87.5) 31(77.5) 0.38
COPD, n (%) 12 (30) 5(12.5) 0.06
Active smoking, n (%) 9 (22.5) 7(17.5) 0.58
Renal insufficiency, n (%) 7 (17.5) 3(7.5) 0.31
Corticosteroid use, n (%) 7 (17.5) 4(10) 0.52
BIMA harvesting, n (%) 7 (17.5) 8 (20) 0.78
EuroSCORE Il (mean = SD) 27+26 23+15 0.77

Table 2 - Primary outcomes

Outcome Study (n = 40)
Wound defects at 7 days, n (%) 4(10%)

- Superficial wound infection 3 (7.5%)

- Deep wound infection 1(2.5%)
Deep wound infection at 3 months, n (%) 1(2.5%)
Length of hospital stay, days (mean = SD) 13.4+6.3
(IQR) 12 (9-15)

Control (n = 40) p-value
7 (17.5%) 0.52

5 (12.5%) 0.61

2 (5%)

2 (5%) 1.00
13.7+84 0.75

11 (9-16)

Primary outcomes

At 7 days post-surgery, 13.75% of the study population
developed wound complications (11 patients) (Table 2).
Three had deep wound infections and eight developed
superficial wound infections. We observed fewer pati-
ents with wound complications in the study group (four
patients, 10%) compared to the control group (seven
patients, 17.5%). Three patients in the study group had
superficial wound infection and one had deep wound in-
fection compared to five superficial and two deep wound
infections in the control group. This difference though
did not reach statistical significance (p = 0.52).

At the 3-month follow-up, only deep wound complica-
tions were observed (3 patients). One patient had deep
wound infections the study group (2.5%) compared to
two patients in the control group (5%) (p-value = 1.00).

The median length of hospital stay was comparable
between the study (12 days, IQR 9-15) and the control
group (11 days, IQR 9-16) (p = 0.75).

Analyses of specific patient sub-groups

Our study included several predefined patient populati-
ons based on specific risk factors for sternal wound com-
plications.

In the BIMA harvesting group (n = 15; 7 in the study
group vs 8 in the control group), there was a notable
trend towards fewer wound complications in the study
group compared to the control group. At 7 days post-
operation, there was 1 superficial wound infection in the
study group (14.3%) and no deep wound infection whilst
there were 4 superficial and 1 deep wound infection in

the control group (62.5%) (p = 0.184). At 3 months, no
deep infections were present in the study group, while
1 deep infection (12.5%) occurred in the control group
(p-value = 1.00).

In obese patients (BMI >30; n = 66, 33 patients in each
group), we observed a lower incidence of wound compli-
cations in the study group. In the study group, 3 patients
had superficial wound infection (9.1%) and 1 patient had
deep wound infection (3.0%) at 7 days compared to 4
patients with superficial wound infections (12.1%) and 2
deep wound infections (6.1%) in the control group (p-
value = 0.78). At 3 months, both groups had 1 patient
with deep wound infection.

Similar trends were observed in other high-risk patient
populations, including patients with diabetes mellitus, re-
nal insufficiency, corticosteroid use, active smoking, obe-
sity and COPD. The differences however, did not reach
statistical significance due to limited sample sizes.

Discussion

In this prospective, randomized study of high-risk pati-
ents undergoing cardiac surgery, we found that prophy-
lactic ciNPWT using the Prevena™ system showed a trend
towards reducing the incidence of sternal wound infec-
tions compared to standard wound dressing. Although
the differences did not reach statistical significance, the
potential clinical importance of these findings warrant
further investigation.

Our results are consistent with previous studies that
have suggested a benefit of ciNPWT in reducing surgical
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site infections. A large multicentre propensity matched
study by Suelo-Calanao et al. consisting of 1532 patients
(766 per group) with high risk of sternal wound infection
comparing ciNPWT and standard dressings found that
CiNPWT reduced the incidence of sternal wound infection
(6% vs 16%, p-value= 0.0001). However, length of hospi-
tal stay was not reduced.

Grauhan et al. compared patients prospectively receiv-
ing ciNPWT with standard dressings retrospectively and
reported lower infection rate in the group with ciNPWT
compared to the control within 30 days (1.3% in the
study group, 1 patient out of 237 vs 3.4% in the control
group, 119 patients out of 3508, p-value = 0.05)." Witt-
Majchrzak et al. reported a reduction in superficial ster-
nal wound infections with the use of ciNPWT (PICO™) in
a similar high-risk population undergoing cardiac sur-
gery.”? A retrospective study conducted by Jennings et
al. demonstrated a statistically significant reduction in
sternal wound infections in patients treated with ciN-
PWT compared to a predicted rate.* Similarly, Grauhan
et al. found a significant reduction in wound infections
in obese patients receiving ciNPWT after cardiac surgery.?
A recent systematic review and meta-analysis of ten stud-
ies by Biancari et al. showed ciNPWT was associated with
lower risk of developing sternal wound infection (both
superficial and deep). However, the difference was not
statistically significant for superficial sternal wound infec-
tion.™

The analysis of specific patient populations, while ex-
ploratory in nature and limited by small sample sizes,
provide valuable insights into the potential benefits of
C¢iNPWT in specific high-risk patient groups. The trend
towards reduced wound complications in our BIMA har-
vesting subgroup is particularly noteworthy. Although
these differences did not reach statistical significance,
the magnitude of the effect is clinically relevant. This
finding is particularly important given that BIMA har-
vesting is a known risk factor for sternal wound com-
plications.’'> BIMA grafting has been associated with
improved long-term outcomes in coronary artery by-
pass surgery but is often avoided due to concerns about
sternal wound complications.’® Should our findings be
confirmed in a larger study focused on use of ciNPWT
in patients after BIMA harvesting, it could potentially
increase the utilization of BIMA grafting and improve
long-term patient outcomes.

Even after developing deep sternal wound infection,
Lo Torto et al. demonstrated the benefit of using ciNPWT
(Prevena™) combined with monolateral pectoralis major
muscle flap (MPMF) compared to a control group using
standard dressings with MPMF in improving patient out-
comes, with few patients in the study group developing
wound complications compared to the control group."
A similar outcome was observed by Gabriel et al. who
used ciNPWT to improve healing outcomes in patients
who developed deep sternal wound infection.'®

Length of hospital stay was comparable between the
study and control group. This finding was unexpected,
given the trend towards fewer wound complications in
the ciNPWT group. Several factors may explain this re-
sult. With only a small number of wound complications
in both groups, the impact on overall length of stay may

have been limited. Our institution’s standardized care
protocols for postoperative cardiac surgery patients may
have mitigated the impact of wound infections on dis-
charge timing. Factors unrelated to wound healing, such
as cardiac rehabilitation protocols or social factors affect-
ing discharge planning, may have played a more signifi-
cant role in determining length of stay.

Though cost-effectiveness was not analysed in our
study, a study by Hawkins et al. found that ciNPWT was
cost-effective for the prevention of deep but not super-
ficial wound infection, and as such recommend using
CiNPWT only in patients with a high risk of deep sternal
wound infection.

According to Hyldig et al.’s meta-analysis, ciNPWT is re-
lated with a considerable reduction in surgical site infec-
tions across various surgical specialities.?’ This implies that
the benefits of ciNPWT may go beyond cardiac surgery
and have broader uses in high-risk surgical groups.

What distinguishes this study from previous studies is
its prospective and randomized design, which compared
the use of ciNPWT and standard dressings on sternal
wound healing outcomes in a well-defined high-risk pa-
tient cohort. While many prior studies on closed incisional
negative pressure wound therapy (ciNPWT) have been ret-
rospective or observational, this trial randomly assigned
patients and monitored them for both early (7-day) and
late (3-month) outcomes. This study design decreases bias
and other confounding variables and as such makes the
results more reliable. Furthermore, we analyzed specific
high risk patient sub-groups providing a more granular
insight into the effectiveness of ciNPWT in these patient
groups. This helps determine which patient sub-groups
might benefit the most from this therapy and aiding in
providing patient tailored postoperative treatment strat-
egies. The trend towards reduced wound infections in the
BIMA harvesting sub-group suggests a potential clinical
significance that could influence future surgical protocols
and increase the use of BIMA grafts.

Although our findings were not statistically signifi-
cant even in the sub-group analysis, the trend towards
reduced sternal wound infections in high-risk cardiac sur-
gery patients receiving ciNPWT merits larger studies to
confirm these findings and assess its cost-effectiveness.
These results if validated, could influence future clinical
and surgical practices.

Conclusion

In conclusion, our findings indicate that ciNPWT may
help minimize sternal wound complications in high-risk
patients undergoing cardiac surgery, however, the dif-
ferences were not statistically significant. Larger, multi-
center trials are required to determine the efficacy and
cost-effectiveness of this preventive method. Such studies
should also seek to identify specific patient categories
who may benefit the most from preventive ciNPWT, ena-
bling for more tailored delivery of this resource-intensive
strategy. Future study should include longer-term follow-
-up, economic evaluations, and patient-reported out-
comes to gain a more complete picture of the impact of
prophylactic ciNPWT in cardiac surgery.
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Cil: Cilem této studie bylo prozkoumat a zhodnotit adherenci k 1é¢bé u seniort s chronickym srde¢nim selha-
nim a vyznam faktord, které ji vysvétluji.
Metodika: Jedna se o prirezovou korelacni a deskriptivni kvantitativni studii. Vyzkumny vzorek tvofilo 127
seniord s chronickym srde¢nim selhanim, ktefi spinili stanovend kritéria. K posouzeni adherence k lé¢bé
u seniorl s chronickym srdecnim selhdnim byla pouzita ceska verze upraveného standardizovaného dotaz-
niku ACDI - Adherence pacientd s chronickym onemocnénim. Sbér dat probihal v letech 2023 az 2024 na
kardiovaskularnim oddéleni vybraného zdravotnického zafizeni se souhlasem jeho ndméstkyné pro osetio-
vatelskou péci.
Vysledky: Vétsina seniord uvedla dobrou adherenci jak k medikaci (99,2 %), tak ke zdravému Zivotnimu stylu
(87,4 %). Mezi faktory ovliviiujici adherenci k 1é¢bé dosahla nejvyssi prevalence odpovédnost, a to 97,6 %.
Nejsilnéjsim faktorem souvisejicim s dodrzovanim medikace byla odpovédnost, zatimco faktorem nejvice
spojenym s dodrzovanim zdravého Zivotniho stylu byla motivace. Jednim z vyznamnych prediktivnich fakto-
rd adherence k 1écbé je edukace o rezimovych opatienich.
Zavér: Adherenci k écbé Ize posilit zvysenim motivace pacientt k dodrzovani |écebnych opatreni zamére-
nych na zménu rizikového chovani, které negativné ovliviiuje progresi onemocnéni. Dlraz na edukaci pa-
cientd mlze také vést ke zlepseni adherence k 1é¢bé u senior(i s chronickym srde¢nim selhanim.

© 2025, CKS.

ABSTRACT

Objective: The objective of this study was to investigate and evaluate adherence to treatment in the elderly
with chronic heart failure and the significance of factors explaining it.

Methods: This is cross-sectional correlational and descriptive quantitative study. The research sample consi-
sted of 127 elderly people with chronic heart failure who met the specified criteria. To assess adherence to
treatment in the elderly with chronic heart failure, the Czech version of the modified standardized questi-
onnaire ACDI - Adherence of Patients with Chronic Disease Instrument was used. Data collection took place
between 2023 and 2024 at the Cardiovascular Department of a selected healthcare facility with the consent
of its deputy for nursing care.

Results: Most of the elderly indicated good adherence to both medication (99.2%) and a healthy lifestyle
(87.4%). Among the factors affecting adherence to treatment, responsibility reached the highest prevalen-
ce, namely 97.6%. The strongest factor related to medication adherence was responsibility, while the factor
most strongly linked to adherence to a healthy lifestyle was motivation. One of the significant predictive
factors for treatment adherence is education about regimen measures.

Conclusion: Adherence to treatment could be strengthened by increasing patient motivation to follow the-
rapeutic measures aimed at changing risk behaviours that negatively affect disease progression. Emphasi-
zing patient education may also lead to improved adherence to treatment in the elderly with chronic heart
failure.
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Introduction

Heart failure is considered one of the epidemics of the
21st century in developed countries and represents a ma-
jor public health challenge. Heart failure represents
a complex multifactorial syndrome and is the most com-
mon cause of hospitalization in patients over 65 years
old. It is primarily a disease of older age, with the aver-
age age of patients around 75 years." Despite significant
advancements in care achieved in recent decades, the
prognosis for patients with this condition remains se-
vere and unfavourable. Heart failure is one of the main
causes of morbidity and mortality and is responsible for
high healthcare costs in developed countries.? It leads to
a shortening in life expectancy and a reduced quality of
life. Given its complexity, the care provided to patients
with heart failure should be organized, systematic, and
multidisciplinary.’

A significant medical and socioeconomic issue is the
repeated rehospitalization of patients with this condi-
tion. These rehospitalizations are caused not only by
the natural progression of the disease but also by poor
patient education, inadequate adherence to treatment,
and insufficient post-hospitalization management. More
than half of rehospitalizations are due to modifiable fac-
tors, which could be prevented through appropriate care
setting and organization. Epidemiological data indicate
that after the first hospitalization, a quarter of patients
is rehospitalized within one month, and half of patients
within six months.?

Adherence is a complex, multifaceted concept that is
a key in nursing practice, influencing patient care and be-
haviour throughout the healthcare system.* Adherence to
the treatment in chronic diseases affects their course sig-
nificantly. It is crucial for stabilizing or potentially improv-
ing the disease, preventing its decompensation and pro-
gression, reducing rehospitalizations, lowering mortality,
and improving the quality of life for patients. The World
Health Organization (WHO) defines adherence to treat-
ment as the extent to which a patient’s behaviour (includ-
ing medication use, diet adherence, and/or lifestyle modi-
fications) aligns with the agreed-upon recommendations
of a healthcare provider. Definition of WHO assumes the
patient’s active participation, cooperation, and persever-
ance in following the treatment regimen.> Adherence to
treatment is of clinical interest due to the widespread
nature of non-adherence.® Poor adherence can lead to
adverse events such as severe relapses, symptom exac-
erbation, increased risk of dependency, toxicity, or resis-
tance. Improving patient adherence can enhance the ef-
fectiveness of chronic disease treatment, increase patient
safety, and reduce healthcare costs.” There are numerous
possible methods and interventions to improve patient
adherence. Interventions aimed at improving adherence,
or rather non-adherence, can be categorized into educa-
tional/cognitive, behavioural, psychosocial, financial, and
medication-related interventions.® Educational interven-
tions play a significant role in adherence, as they improve
adherence to the treatment plan, enhance treatment
outcomes, and increase patient satisfaction.*'® Adher-
ence depends on developing a concordant relationship
and should be measured using appropriate tools.”

Adherence to treatment is a multifactorial behavioural
process influenced by numerous interrelated factors.'?
Factors affecting adherence to treatment can be catego-
rized into several groups: patient-related factors, treat-
ment-related factors, healthcare system factors, socioeco-
nomic factors, and disease-related factors.®'* One concept
addressing adherence to treatment and its explanatory
factors is the Theory of Adherence to Treatment in Pa-
tients with Chronic Disease.’ According to this theory,
adherence in individuals with chronic disease is defined
as an active, intentional, and responsible care process in
which patients with chronic illnesses work collaboratively
with healthcare professionals to maintain their health.
Adherence involves taking prescribed medications and
maintaining a healthy lifestyle, which includes proper
nutrition, physical activity, abstaining from smoking, and
moderate consumption of alcohol. According to Kyngas’
theory, explanatory factors linked to adherence to treat-
ment in individuals with chronic illness include motiva-
tion, responsibility, results of care, cooperation, a sense
of normality, support from next of kin, nurse support,
physician support, and fear of complications.?

The objective of this research was to investigate and
evaluate adherence to treatment in the elderly with
chronic heart failure, including adherence to medication
and adherence to a healthy lifestyle. Additionally, the
study aimed to assess the significance of factors explain-
ing adherence to treatment. The explanatory factors in-
cluded patient motivation, fear of complications, support
from next of kin, physicians, and nurses, responsibility,
results of care, cooperation with healthcare profession-
als, and a sense of normality. For all the observed factors,
the relationship with selected predictive factors was also
examined, which included sociodemographic data (The
Mini-Mental State Examination [MMSE], gender, age,
education, marital status, cohabitation) and information
specific to the disease (NYHA functional classification,
number of hospitalizations, education).

Methodology

Design
A cross-sectional, correlational, and descriptive quantita-
tive study was conducted using a questionnaire survey.

Sample

The research sample consisted of 127 elderly people with
chronic heart failure who met the specified criteria (age
65 and older, diagnosis of chronic heart failure, knowl-
edge of the Czech language, MMSE score of at least 24
points, consent to participate in the research). The most
represented group in the research sample were the elder-
ly with an MMSE cognitive function test score of 27 points
(N = 44; 34.6%), with an average score of 26.9. Regard-
ing the NYHA functional classification, all four classes
were represented, with class Ill being the most common
(N = 60; 47.2%), with an average value of 2.6. The sam-
ple had a higher representation of men (N = 79; 62.2%).
The age of respondents ranged from 65 to 94 years, with
a mean age of 75.0 years. The elderly divided into three
categories corresponding to stages of old age were the
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Table 1 - Sociodemographic characteristics and disease-specific

information of the sample

Characteristic N %
24 1 0.8
25 13 10.2
26 34 26.8
MMSE 27 44 34.6
28 26 20.5
29 8 6.3
30 1 0.8
Class | 5 3.9
T Class Il 50 394
Class Il 60 47.2
Class IV 12 9.4
Male 79 62.2
Gender
Female 48 37.8
65-74 years 60 47.2
Age 75-84 years 52 40.9
85-94 years 15 11.8
Primary school 1 8.7
Z(ie;%nrg:ry school without 59 46,5
bl Secondary school with diploma 39 30.7
Higher vocational education 5 3.9
University 13 10.2
Single 9 7.1
Marital Married 64 50.4
status Widowed 37 291
Divorced 17 13.4
Living Alone 43 33.9
situation In a shared household 84  66.1
0 11 8.7
Hospitaliza- 1 52 409
tion 2 33 260
3 or more 31 244
Education ves S I
No 31 24.4

N - absolute frequency; % - relative frequency.

most represented age group being 65-74 years (N = 60;
47.2%). The largest proportion of the elderly had a sec-
ondary education without a high school diploma (N = 59;
46.5%). Most participants were married (N = 64; 50.4%)
and lived in a household with others (N = 84; 66.1%). The
number of hospitalizations related to heart issues in the
past year ranged from 0 to 11, with an average of 2.0
hospitalizations. The largest portion of respondents had
been hospitalized once in the past year (N = 52; 40.9%).
Most the elderly reported being educated about regimen
measures related to their heart condition by a physician

or nurse (N = 96; 75.6%). Sociodemographic character-
istics and specific information related to the disease are
provided in Table 1.

Data collection

To determine adherence to treatment and the signifi-
cance of explanatory factors among in the elderly with
chronic heart failure, the Czech version of the modified
standardized ACDI (Adherence of Patients with Chronic
Disease Instrument) questionnaire was used.' This ques-
tionnaire was chosen primarily because it assesses not
only adherence to treatment but also other aspects influ-
encing adherence.’® The study also collected selected so-
ciodemographic data of the elderly (MMSE, gender, age,
marital status, cohabitation, education) and information
specific to the disease (NYHA classification, number of
hospitalizations, education). MMSE is the most commonly
used method in cognitive impairment detection in both
clinical and research fields. The maximum achievable
MMSE score is 30 points, where values of 30-24 indicate
a state without cognitive impairment.

The ACDI questionnaire is established on the theoretical
model of adherence in patients with chronic disease of Kyn-
gas,' which was originally developed and tested among
adolescent patients with diabetes mellitus. This instrument
demonstrates high validity and reliability." Originally cre-
ated in Finnish, the ACDI questionnaire has been subse-
quently translated, tested, and successfully used in several
studies in English, Japanese, German, Turkish, and Russian.
The modified ACDI questionnaire contains 37 items assess-
ing adherence to treatment, rated on a 5-point Likert scale
(1 — strongly disagree; 2 — disagree; 3 — neither agree nor
disagree; 4 — agree; 5 — strongly agree). The items are di-
vided into 11 categories. These 11 categories are split into
two endogenous mean sum variables: adherence to medi-
cation (two items) and adherence to a healthy lifestyle
(four items). These two endogenous mean sum variables
are explained by nine exogenous mean sum variables: co-
operation (three items), responsibility (two items), motiva-
tion (two items), sense of normality (seven items), results
of care (two items), support from next of kin (five items),
support from physicians (four items), support from nurses
(four items), and fear of complications (two items)."®"” For
comparison with previous studies using the same tool,"®
the average composite variables were categorized into
two classes. Variables with values from 1 to 3.5 indicate
a decreased level of adherence to treatment, while vari-
ables with values ranging from 3.51 to 5 represent a good
level of adherence to treatment.

Data collection took place in 2023 and 2024 in the Car-
diovascular Department of a selected university hospital in
the Czech Republic, with the consent of the deputy head
for nursing care. The elderly meeting the research criteria
were given printed questionnaires during hospitalization
or visits to the heart failure clinic. They were informed
about how to complete the questionnaire, the voluntary
nature of participation, anonymity, and confidentiality.

Translation and validation of the Czech version

of the ACDI questionnaire

First, we obtained the author’s official consent to use
a modified version of the ACDI questionnaire for the
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purposes of this research. A modified questionnaire
for a group of patients with chronic heart disease was
received from the authors in English and needed to be
translated into Czech. The whole translation and valida-
tion process was carried out according to the method-
ological procedure according to Wild et al."

The Czech version of the ACDI questionnaire was
tested for validity and reliability. Similar to previous
studies,'”'® high reliability was found (Cronbach’s alpha
0.83). To verify the validity of the Czech version of the
ACDI questionnaire, an exploratory factor analysis (EFA)
was performed to test the connections between individ-
ual items. This analysis produced a factor solution with
satisfactory statistical values (factor loadings 0.24-0.97,
Cronbach’s alpha values for individual factors 0.46-0.98)
and its results were similar to the study with the modified
English-language ACDI questionnaire."

Data analysis

Exploratory factor analysis (EFA) was conducted to verify
the validity of the tool. Structural equation modelling
(SEM) was used to determine the relationship between
adherence to treatment and its explanatory factors. Mod-
el adequacy was evaluated using the CFl (Comparative Fit
Index; a model with a CFl value > 0.90 is considered a suf-
ficiently good), RMSEA (Root Mean Square Error of Ap-
proximation; a model with a RMSEA value <0.06 is consid-
ered a sufficiently good), and the Chi-square test. In order
to find relationships between independent predictive
factors (sociodemographic data and disease-specific in-
formation) and dependent factors explaining adherence
to treatment contingency tables and the Chi-square test
were first used. In the next phase, independent factors
predicting adherence to treatment were identified using
multivariate logistic regression (all statistically significant
relationships from the univariate model were verified).
OriginLab software was used for descriptive statistics and
contingency tables. SEM was performed using SPSS Amos

26. Logistic regression and EFA were conducted using
SPSS Statistics 29. Statistical tests were evaluated at a 5%
significance level (o = 0.05).

Results

Adherence to treatment in the elderly

with chronic heart failure

The majority of the elderly reported good adherence to
medication (99.2%) and to a healthy lifestyle (87.4%).
Among the factors influencing adherence to treatment,
responsibility had the highest prevalence at 97.6%;
94.5% of the elderly experienced good results of care
and the same number received high support from next of
kin. Slightly fewer respondents mentioned high levels of
cooperation with healthcare professionals and high moti-
vation for self-care (92.9%). Support from physicians and
nurses was provided to 91.3% and 89.8% of the elderly,
respectively. A sense of normality, indicating that the dis-
ease and its treatment did not limit their normal daily life,
was felt by 69.3% of respondents. Fear of complications
was mentioned by 46.5% of respondents. The prevalence
of adherence and factors explaining adherence to treat-
ment are shown in Table 2.

Relationships between adherence

to treatment and explanatory factors

Initially, direct positive relationships between factors as-
sociated with adherence to medication and adherence to
a healthy lifestyle was tested (Fig. 1). SEM excluded direct
positive associations between sense of normality, fear
of complications, results of care, cooperation, support
from next of kin, physicians and nurses with adherence
to medication, and a healthy lifestyle. Direct, positive as-
sociations were revealed between motivation and adher-
ence to medication (standardized regression weight 0.18)
and adherence to a healthy lifestyle (0.43), and between

Table 2 - Prevalence of good adherence to treatment and factors explaining adherence

Mean sum variables Items
Adherence to treatment

Adherence to medication 1,2
Adherence to healthy lifestyle 3-6
Factors explaining adherence to treatment

Responsibility 10, 11
Results of care 21, 22
Support from next of kin 23-27
Cooperation 7-9
Motivation 12,13
Support from physicians 28-31
Support from nurses 32-35
Sense of normality 14-20
Fear of complications 36, 37

Good adherence (%) (n) X Median SD
99.2 (126) 1.99 2 0.09
87.4 (111) 1.87 2 0.33
97.6 (124) 1.98 2 0.15
94.5 (120) 1.94 2 0.23
94.5 (120) 1.94 2 0.23
92.9 (118) 1.93 2 0.26
92.9 (118) 1.93 2 0.26
91.3 (116) 1.91 2 0.28
89.8 (114) 1.90 2 0.30
69.3 (88) 1.69 2 0.46
46.5 (59) 1.46 1 0.50

n - frequency; X — mean values; SD - standard deviation.



L. Karlicka, D. Jarosova

581

Adherence

to medication

Adherence
to a healthy lifestyle

Results of care

0.57***%

Responsibility

Sense of normality

Fear of complications

Support
from next of kin

Support
from nurses

0.43%**

Motivation

Co-operation

Support
from physicians

Fig. 1 - Hypothetical Theory of Adherence of People with Chronic Disease among the elderly with Chronic Heart Failure, direct connections.
Standardized regression weights are presented, with significance levels indicated as follows: * p <0.05, ** p <0.01, *** p <0.001; p - statistical

significance.

Adherence

R?2=0.37 renc
to medication

0.54***

Adherence
to a healthy lifestyle

R2=0.23

0.42***

Results of care

0,21*

Responsibility

Sense of normality

Fear of complications

Motivation

0.28***

Co-operation

—0.2%* 0.57%**
0.17% 0.57%**
Support Support Support
from next of kin from nurses from physicians
H B 0.29** HEE
: 0.29** ............................ assssssssssssssssssssssssssssaned H

Fig. 2 - Hypothetical Theory of Adherence of People with Chronic Disease among the elderly with chronic heart failure, indirect connec-
tions. Standardized regression weights are presented, with significance levels indicated as follows: * p <0.05, ** p <0.01, *** p <0.001;

p - statistical significance; R? - coefficient of determination.

responsibility and adherence to medication (0.57). How-
ever, given the model fit parameters (Chi-square [%3] =
196.9; degrees of freedom [df] = 37; y#/df ratio = 5.3; CFI
=0.38; and RMSEA = 0.19), it was evident that this model,
based on the Theory of Adherence of People with Chronic
Disease,' was not suitable for the obtained data. There-
fore, it was necessary to include indirect associations be-
tween individual explanatory factors in the model.

In the second phase, the indirect associations between
factors and adherence to medication and a healthy life-
style were tested (Fig. 2). In the proposed model in Figure
2, solid arrows represent the effect of one explanatory
factor on the other, and dashed bidirectional arrows rep-
resent covariances between pairs of factors. This model
demonstrated that support from physicians was cor-
related with support from both nurses and next of kin.
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The model demonstrated statistically significant (p <0.05)
positive relationships between support from nurses and
a sense of normality (standardized regression weight
0.17) and between a sense of normality and results of
care (standardized regression weight 0.21). Further as-
sociations were found between support from doctors
and cooperation (standardized regression weight 0.57),
support from physicians and responsibility (standardized
regression weight 0.51), and between cooperation and
motivation (standardized regression weight 0.28). Moti-
vation showed a positive association with adherence to
medication and a healthy lifestyle (standardized regres-
sion weights 0.24 and 0.42, respectively). Responsibility
revealed strong association with adherence to medication
(standardized regression weight 0.54) and weaker associ-
ation with adherence to a healthy lifestyle (standardized
regression weight 0.19). This model was able to explain
37% of the variance in the factors linked to adherence to
medication and 23% of the variance in the factors linked
to adherence to a healthy lifestyle. The parameters used
to assess the model’s accuracy (Chi-square [y?] = 53.4; de-
grees of freedom [df] = 43; x/df ratio = 1.24; CFl = 0.96;
and RMSEA = 0.044) indicate that the model aligns well
with the data.

Sociodemographic factors and disease-specific
factors predicting adherence to treatment

and its explanatory factors

The relationships between basic variables and factors ex-
plaining adherence to treatment in the elderly are shown
in Table 3. A connection was found between education
and fear of complications, with the educated elderly be-
ing approximately four times more likely to be aware of
possible complications from non-compliance with regi-
men measures than the elderly who were not educated.
The elderly with an MMSE score of 27-30 and NYHA func-
tional classification | and Il had approximately 2.5 and
3.2 times higher chances of living a normal life without
limitations than the elderly with an MMSE score of 24-26
and NYHA classification Il and IV. The elderly with one
or more hospitalizations related to heart failure in the
past year had about ten times more support from next of

kin than the elderly without hospitalization. The elderly
who were married, widowed, or divorced had about 12.5
times more support from physicians than the elderly who
were single.

Discussion

The goal of this study was to assess adherence to treat-
ment among elderly patients with chronic heart failure,
focusing on medication adherence and a healthy lifestyle.
Additionally, the study aimed to identify the significance
of factors explaining adherence to treatment. The rela-
tionships between these factors and selected predictive
factors, including sociodemographic data and disease-
specific information, were also examined.

This study is the first to present results using a self-as-
sessment tool to examine factors explaining adherence
and their predictive factors (both sociodemographic and
disease-specific) in patients with chronic heart failure.
A key finding of this investigation was a high level of
adherence to treatment, with 99.2% of respondents re-
porting good adherence to medication. Previous studies
utilizing the ACDI tool also found medication adherence
rates exceeding 90%. For instance, a study by Kahkonen
et al.”” investigating predictive factors of adherence to
treatment in patients suffering from ischemic heart dis-
ease post-percutaneous coronary intervention reported
a 95.2% adherence rate using the same modified stan-
dardized ACDI questionnaire designed for assessing ad-
herence in patients with chronic heart disease.’ Medi-
cation adherence levels in heart failure patients depend
on the definition and measurement method used.?® For
example, in a study of 124 respondents in Singapore with
chronic heart failure and an average age of 69.1 years
using the MARS-5 tool, 73.6% reported good medication
adherence.?' Generally, adherence tends to decrease over
the duration of living with the disease. Studies indicate
that older age alone is not associated with reduced medi-
cation adherence in patients with chronic heart failure.?

Regarding adherence to a healthy lifestyle, this study
found that 87.4% of respondents reported good adher-

Table 3 - Multivariable logistic regression describing the relationships between primary variables and factors explaining adherence

to treatment in the elderly with chronic heart failure

Predictive factors

0Odds ratio

(Negelerke R?) (95% confidence interval) p x df P

Fear of complications (0.100) 9.886 1 0.002
Education: yes 4.05 (1.59/10.30) 0.003

Sense of normality (0.162) 15.492 4 <0.001
MMSE: 27-30 2.65 (1.18/5.95) 0.015

NYHA: [ a ll 3.19 (1.33/7.65) 0.011

Support from next of kin (0.144) 6.493 5 0.011
Hospitalization: 1 or more 10.50 (2.00/55.22) 0.005

Support from physicians (0.159) 9.348 3 0.002
Marital status: married, widowed, divorced 12.69 (2.77/58.03) 0.001

p-value - statistical significance; 2 - chi-square; df — degrees of freedom.
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ence, comparable to the 89.9% reported in Kdhkdnen et
al."”” The higher proportion of respondents with reduced
adherence to a healthy lifestyle in this study might be
attributed to decreased mobility due to advanced age
and the presence of comorbidities, leading to inade-
quate physical activity. Another reason could be the reli-
ance on meals provided by catering services that do not
consider dietary restrictions for the disease, limiting the
elderly control over their diet. Adherence to a sodium-
restricted diet among older patients with heart failure
varies from 13% to 75%, depending on data collection
methods.?

Among elderly patients with chronic heart failure, The
Theory of Adherence of People with Chronic Disease ex-
plained 37% and 23% of the variance in adherence to
medication and a healthy lifestyle, respectively. Based
on the results of this study, the Theory of Adherence of
People with Chronic Disease is an appropriate theoretical
framework for planning and implementing nursing inter-
ventions for the elderly with chronic heart failure.

Although not all factors explaining adherence to treat-
ment according to the Theory of Adherence of People
with Chronic Disease had a direct effect on adherence
to medication and healthy lifestyle, several statistically
and clinically noteworthy findings emerged. The results
showed that responsibility was the strongest factor as-
sociated with medication adherence, while motivation
proved to be the strongest factor associated with adher-
ence to a healthy lifestyle. These findings are in agree-
ment with previous studies testing the Theory of Ad-
herence of People with Chronic Disease. For example,
a significant link between good patient motivation and
good adherence was demonstrated in adolescents with
diabetes mellitus,' epilepsy,?* and chronic illness in gen-
eral.? Motivation was also a key factor for adult patients
undergoing warfarin therapy,'® patients at risk of car-
diovascular disease,?® and patients with ischemic heart
disease post-percutaneous coronary intervention.'?
Similarly to previous studies, motivation appears to be
a critical factor for adherence to a healthy lifestyle in the
findings of this study. Motivation, a psychosocial factor
influencing adherence to treatment, significantly impacts
health behaviours and patients’approach to treatment.
Therefore, the main challenge in caring for patients with
cardiovascular disease is to initiate and maintain neces-
sary changes of health behaviour, i.e. adequate and
regular physical activity, abstinence from smoking and
alcohol, and adherence to dietary restrictions. Healthcare
providers should adopt a motivational approach built on
mutual trust and partnership with patients, enhancing
mutual communication.'>??

Unlike adherence to a healthy lifestyle, the strongest
factor associated with adherence to medication was re-
sponsibility. This study also observed relationships be-
tween responsibility and healthy lifestyle adherence, and
between motivation and medication adherence. Both
motivation (through the factor of cooperation) and re-
sponsibility are associated with physician support, which
covaries with support from nurses and next of kin. These
findings confirm the importance of social support for el-
derly patients with heart failure, known to positively in-
fluence adherence to treatment.?

The results of this study indicated that education on
lifestyle modifications related to heart disease predicted
greater fear of complications among the elderly, reflecting
an awareness of the risks associated with non-adherence
to treatment regimens. Education for heart failure patients
focusing on lifestyle modifications, self-care, and symptom
management provides patients with information about
the nature of the disease, the importance of treatment,
self-monitoring, and the consequences of non-adherence.
Awareness of the potential risks of inadequate adherence
to heart failure treatment can lead to fear of complications
among the elderly. The study by Kédhkdénen et al.?’ dem-
onstrated that informational support was indirectly, but
statistically significantly, related with adherence to both
medication and a healthy lifestyle. In this study, informa-
tional support is understood as practical patient education,
where patients receive basic and detailed information
and recommendations regarding their illness, including
feedback. These findings emphasize patient adherence
to treatment as a multidimensional concept highlighting
the active role and participation of a patient in his own
care, which are currently a priority in nursing.’® To fully
engage in self-care and make relevant decisions, patients
should have enough knowledge and information about
their disease and its treatment. This fact is supported by
results from earlier studies indicating that knowledge and
information are perceived as the most critical for engag-
ing patients in treatment regimens. It is also essential to
emphasize not only information provision but also improv-
ing competencies for collaboration between patients and
professionals.'>1

Another finding of this study was that the elderly with
MMSE scores of 27-30 and NYHA functional classification
I and Il reported a greater sense of normality compared
to those with lower MMSE scores and NYHA functional
classification Il and IV. Evidence suggests that cognitive
function contributes independently to adherence in old-
er adults with heart failure.>® Patients with poor NYHA
functional status typically have increased physical limita-
tions, restricting their ability to perform daily activities.
Although the elderly with NYHA functional classification
Il and IV experienced greater limitations in daily life, this
study did not observe reduced adherence to treatment in
these patients. However, some studies have shown that
the severity of symptoms, reflected in worse NYHA func-
tional class, is associated with poorer adherence to treat-
ment.?!

Furthermore, the study found that hospitalization re-
lated to chronic heart failure in the past year predicted
better support from next of kin. A plausible explanation
might be that hospitalization makes relatives perceive
the disease as a severe condition, leading to increased
support for the elderly with heart failure.

The final observed relationship between adherence
predictors and explanatory factors was the association
between marital status and physician support. The elderly
who were married, widowed, or divorced had a higher
likelihood of receiving strong support from a physician
compared to those who were single. This finding aligns
with the understanding that socioeconomic status is an
important factor influencing adherence to treatment in
older patients with heart failure.?
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It is worth noting that, unlike the study by Kahkénen
et al."” on predictors of adherence to treatment, this
study did not find a relationship between motivation and
any predictive factors. A possible explanation is that the
sample of respondents showed high percentages of good
adherence across most factors explaining adherence to
treatment (except for the sense of normality and fear of
complications), making it more challenging to identify
predictors for these factors statistically.

Limitations of the study

Due to the fact that adherence is a multidimensional con-
cept based on different definitions and there is no agree-
ment upon generally accepted definition of adherence,
and moreover the terminology has evolved over time, di-
rect comparison with previously published studies is lim-
ited. In addition, a large proportion of adherence testing
studies are focused only on medication adherence test-
ing. Another limitation is the possible bias of the results
due to the use of a self-assessment tool.

Conclusion

The results of this study align with the multifactorial con-
cept of adherence to treatment, emphasizing the impor-
tance of assessing adherence not only to medications but
also to a healthy lifestyle and all influencing aspects. One
of the significant factors affecting adherence to treat-
ment identified in this study is education. Therefore, it
is crucial that education is tailored to the specific needs
of the patient, considering their age, educational level,
health literacy, and is based on professional knowledge.
Most studies, including this one, agree that motivation
is a key factor for adherence to treatment. Healthcare
providers should thus focus on enhancing patient motiva-
tion through appropriate interventions, such as setting
treatment plans, establishing, and monitoring individual
goals, individual consultations, motivational interviews,
counselling, or shared decision-making. This necessitates
the development and strengthening of motivational skills
among healthcare professionals.

In conclusion, the efficacy of multidimensional inter-
ventions to improve adherence not only in older patients
with heart failure but also across various groups of pa-
tients with chronic illnesses needs further testing for
a better understanding of this issue.
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Miniinvazivna chirurgia mitralnej chlopne (MIMVS), pomocou videoasistovanej torakoskopie (VATS), sa
etablovala ako efektivny pristup v kardiochirurgii za poslednych 30 rokov. Tento typ operéacie umoznuje
mensie rezy, ¢o vedie k rychlejsej rekonvalescencii a znizenym pooperac¢nym komplikacidm.
V tejto retrospektivnej studii bolo analyzovanych 54 pacientov, ktori podstupili miniinvazivnu operaciu mit-
rélnej chlopne medzi majom 2018 a mdjom 2024 na Klinike srdcovej chirurgie Vychodoslovenského ustavu
srdcovych a cievnych choréb (VUSCH a.s.). Vysledky ukdzali, Ze 92 % pacientov podstupilo plastiku mitral-
nej chlopne s implantaciou anuloplastického ringu, zatial ¢o v 8 % pripadov bolo nutné vykonat nahradu
chlopne. Pooperacne doslo k vyznamnému zlepseniu funkcie chlopne a znizeniu regurgitacie, pricom nebola
zaznamenana mortalita. Pooperacné sledovanie ukéazalo priemernu ejeként frakciu 56,2 %.
MIMVS vykazuje vyhody v kratsich rekonvalescenc¢nych ¢asoch a znizenej potrebe transfuzii, je spojeny s vys-
$imi opera¢nymi narokmi a rizikom komplikdcii. Standardné operacné vysledky je mozné dosahovat uz v pr-
vych pripadoch aj napriek technickej ndro¢nosti MIMVS. Zavedenie tejto procedury negativne neovplyvriuje
vysledky samotnej operacie a nase kratkodobé vysledky naznacuju, Ze klinické vysledky a trvacnost opravy
mitralnej chlopne nie su narusené. Mézeme predpokladat, ze v pripade skompletizovania dalSich studii
a rozsiahlejsej Standardizécie operacnych postupov déjde k SirSiemu uplatneniu tejto metédy.

© 2025, CKS.

ABSTRACT

Minimally invasive mitral valve surgery (MIMVS), using video-assisted thoracoscopic surgery (VATS), has estab-
lished itself as an effective approach in cardiac surgery over the past 30 years. This type of surgery allows for
smaller incisions, leading to faster recovery and fewer postoperative complications.

This retrospective study analyzed 54 patients who underwent minimally invasive mitral valve surgery be-
tween May 2018 and May 2024 at the Department of Heart Surgery, East Slovak Institute for Cardiovascular
Diseases. The results showed that 92% of patients underwent mitral valve repair with the implantation of
an annuloplasty ring, while in 8% of cases, valve replacement was necessary. Postoperatively, there was
a significant improvement in valve function and a reduction in regurgitation, with no recorded mortality.
Postoperative monitoring showed an average ejection fraction of 56.2%.

MIMVS offers advantages in shorter recovery times and reduced need for transfusions, but it is associated
with higher surgical demands and a risk of complications. Standard surgical outcomes can be achieved in
early cases despite the technical complexity of MIMVS. The introduction of this procedure does not ne-
gatively affect the surgery’s outcomes, and our short-term results suggest that clinical outcomes and the
durability of mitral valve repair are not compromised. It can be assumed that with the completion of further
studies and wider standardization of surgical procedures, the application of this method will become more
widespread.
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Uvod

Miniinvazivna chirurgia mitralnej chlopne (MIMVS) bola
zavedend v 90. rokoch minulého storocia, od tej doby
sa tento typ opera¢ného pristupu dostdva do popredia
a etabluje sa do operacnej rutiny na viacerych pracovis-
kach." Jednym zo zakladnych pristupov vyuzivanych pri
operaciach mitralnej chlopne je videoasistovand torako-
skopia (VATS). VATS méze byt pouzitd pri réznych typoch
operdcii v hrudnej, ale taktiez v srdcovej chirurgii.

MIMVS je sice spojeny s predlzenymi opera¢nymi ¢as-
mi, ale metaanalyzy preukazuju zniZzenie pooperacnych
komplikacii (fibrilacia predsieni, zlyhanie obliciek, trans-
fuzia krvi, infekcia rany), skratenie dlZky pobytu na jed-
notke intenzivnej starostlivosti, skratenie celkovej hospi-
talizacie a tym padom aj so zniZzenim celkovych nakladov
na pacienta.” Metaanalyza publikovana v roku 2023 po-
ukdzala na fakt, Ze MIMVS méze byt spojend s vyznamnym
znizenim pooperacnej mortality v ranom a strednodobom
obdobi, ¢o by v pripade dalsich studii mohlo preukazat, ze
prinosy MIMVS prevaZzuju nad jeho nevyhodami.'

Material a metodika

Retrospektivna analyza sledovala 54 pacientov, ktori pod-
stupili MIMVS medzi majom 2018 a majom 2024 na Klini-
ke srdcovej chirurgie VUSCH a.s. Indikécia pacientov bola
z dévodu izolovaného alebo kombinovaného vykonu na
mitralnej chlopni. Vyber pacientov bol na zdklade vhod-
nosti anatomickych pomerov pre metédu VATS. Pacienti
podstupili kontroly predoperacne, vfasne pooperacne,
kontroly pri prepusteni z nemocnice a nédsledne v pravi-
delnych intervaloch stanovenych krajskou chlopriovou
poradriou VUSCH, a.s. V ramci $tudie boli hodnotené vek
pacienta, body surface area (BSA), body mass index (BMI),
komorbidity a nasledujuce echokardiografické (ECHO)
parametre: stupen mitralnej insuficiencie, nalez na chlop-
ni, ejek¢na frakcia lavej komory (LVEF) pred operaciou,
ucinna oblast regurgita¢ného ustia (EROA), end-systolicky
a end-diastolicky objem (ESV, EDV) a velkost pravej ko-
mory (RV). Pri peroperac¢nych parametroch boli zazname-
navané parametre: typ vykonu na mitralnej chlopni, res-
pektive jej ndhrada, dl2ka mimotelového obehu, trvanie
kardioplegickej zastavy, pouzitie anuloplastického ringu
pocas operacie, jeho velkost a dalsi konkomitantny vykon
pocas intervencie. V¢asne pooperacne bola hodnotend
LVEF, funkcia chlopne, regurgitacny stupen a pripadne
komplikacie. Pocas kontrolnych echokardiografickych vy-
Setreni boli sledované LVEF, ESV, EDV, stupen regurgita-
cie a mortalita.

Kvantitativne udaje su prezentované ako priemer *
Standardna odchylka a kvalitativne parametre su prezen-
tované v percentach vyskytu v skupine.

Vysledky

Subor pacientov tvorilo 44 muzov a 10 zien vo veku 53 +
1,4 roka. V case operacie bolo BSA pacientov 2,0 + 0,2 m?,
BMI 26,2 = 3. Pacienti mali pridruzené komobidity, pricom
v 2 % sa vyskytoval diabetes mellitus (DM), 38 % sa liecilo

IE

FED

M. Barlow
Ruptura slasinky
Flail

Prolaps (bez flailu)

Iny ako zadny cip
0% 10% 20% 30% 40% 50% 60% 70%

Obr. 1 Echokardiograficky néalez na mitralnej chlopni sposobujuci
mitralnu regurgitaciu

na arteridlnu hypertenziu, fibrilacia alebo flutter predsie-
ni bol zaznamenany v 13 % a ischemickd choroba srdca
v 2 % pacientov. Z ECHO parametrov boli zaznamenané
LVEF 60 + 6,6%, EROA 0,6 + 0,3 cm?, ESV 60,3 = 19,8 ml,
EDV 162,4 + 45,5 ml, RV 90,5 + 36,7 ml. Predoperacny stu-
pen mitralnej regurgitacie na zaklade kvantifikacie bol
v danej skupine vacsi ako 3. stuperni.

Mechanizmus spdsobujici mitrdlnu regurgitaciu bol
zapric¢ineny v 27 % samotnym prolapsom, v 58 % flai-
lom cipu, v 8 % bola pritomnd ruptura 3lasinky, v 12 %
sa jednalo o morbus Barlow, v 4 % bola pritomna fib-
roelastéza (FED) a taktiez v 4 % sa jednalo o infek¢nu
endokarditidu (IE), 19 % pacientov malo pritomny flail
cipu spolu s inym mechanizmom vzniku regurgitécie (obr.
1). Priemerna dlzka mimotelového obehu bola 145 + 6
minut a dlzka kardioplegickej zastavy bola 114 + 21 mi-
nut, bez potreby opatovnej zastavy srdca. V 50 pripadoch
bola vykonand plastika mitrdlnej chlopne s implanta-
ciou anuloplastického ringu. V 8 % pripadov sa pristupilo
primarne k ndhrade mitralnej chlopne, pre peroperacny
nalez nevhodny k plastike, pricom vo vsetkych pripadoch
bola pouzitd mechanicka protéza. Resekcia P2 segmentu
bola vykonana v 63 %, v 17 % bola potrebnd implantacia
neochordy a v 15 % sa vyZadovala sutura segmentu cipu
mitralnej chlopne. Priemernd velkost pouzitého mitrdlne-
ho anuloplastického ringu bola 32,4 + 9,7 mm. Priemerna
velkost mechanickej protézy bola 29,5 + 1,91 mm. Konko-
mitantny vykon bol realizovany v 19 % pacientov. V 3ty-
roch pripadoch bola realizovana procedura Cox-MAZE,
piatim pacientom bol implantovany anuloplasticky ring
do trikuspidalného prstenca, v jednom pripade bol ko-
rigovany defekt predsieriového septa. Dvom pacientom
bola poopera¢ne implantovana mimotelovéa membrano-
va oxygendcia (ECMO) pre pritomnost hemodynamicke;j
instability po odpojeni z mimotelového obehu. V oboch
pripadoch bolo ECMO v¢asne explantované, bez potreby
dalsej intervencie. Vysledky ukazuju, ze 92 % pacientov
podstupilo plastiku mitralnej chlopne s pouzitim anulo-
plastického ringu s optimalnym poopera¢nym echokar-
diografickym ndlezom, ¢o potvrdzuje vysoku vyuzitelnost
tohto operac¢ného pristupu.

Priemerne sledovanie prezivania bolo 2,2 + 1,8 roka.
Echokardiografické sledovanie skupiny bolo 1,0 = 0,7
roka. Pri poslednej kontrole bola zaznamenana LVEF 56,2
+ 5,3 %, mitrdlna regurgitdcia 0,8 + 0,6 stupria, ESV 34,5 +
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Tabulka 1 - Zhrnutie echokardiografického sledovania

Parameter Predoperacne
EF (%) 60,6 + 6,6
MiR (stuperi) 3,5+0,5

ESV (ml) 60,3 + 36,7
EDV (ml) 162,4 + 45,5

Pooperacne Follow-up
54,3+7,1 56,2 +5,3
03+04 0,8+0,6

- 345+ 134
- 77,5 £ 24,7

13,4 ml, EDV 77,5 % 24,7 ml (tabulka 1). V skupine nebola
zaznamenana mortalita, ani zlyhanie plastiky, v jednom
pripade bolo pritomne zhorsenie nalezu mitralnej regur-
gitacie klasifikované do 2. stupnia.

Diskusia

Od roku 1996, kedy Carpentier predstavil miniinvazivnu
operaciu mitralnej chlopne cez pravd minitorakotémiu,
sa tento pristup zacal osved¢ovat ako bezpecny a efektiv-
ny.? Systematicky prehlad a metaanalyza autorov Cheng
a spol. sledovala 271 pacientov, ktori podstupili MIMVS.
Vstupna LVEF pacientov bola 65 + 9,4 %, pricom priemer-
ny vek bol 58 + 13 rokov. DI2ka mimotelového obehu
168 + 56 minut a kardioplegickej zastavy 115 + 41 minut.
V danej studii bol v 263 pripadoch pouzity anuloplasticky
ring s priemernou velkostou 31,4 + 2,9 mm. V pooperac-
nom ECHO sledovani bola pozorovanad mitralna insufi-
ciencia 0,7 + 0,7 stupna, ¢o zodpovedd vysledkom nasej
sledovanej skupiny. Tato studia nezistila vyznamné roz-
diely medzi MIMVS a tradi¢nou operaciou cestou medial-
nej sternotémie, pokial porovnadvame kratkodobu a dlho-
dobu mortalitu. MIMVS vykazovala tendenciu k znizeniu
potreby transfuzie krvi, sterndlnych infekcii, vyskytu po-
operacnej fibrilacie predsieni, dlzky pobytu na jednotke
intenzivnej starostlivosti a celkovej dlzky hospitalizacie.
V roku 2025 bola publikovana retrospektivna studia auto-
rov Aichi a kol., ktord pozorovala 476 pacientov v priebe-
hu 12 rokov. Vysledky tejto analyzy sa zhodovali s Cheng
a kol. a nezaznamenali pri MIMVS nérast vyskytu porane-
ni aorty alebo CMP.5

Studia autorov McClure a kol. pozorovala skuto¢nost,
Ze sa u pacientov s myxomatéznym ochorenim zadného
cipu neobjavi opakovana mitrélna regurgitécia (stuperi >
34) v 76 + 4 % po 10 rokoch. Tento vysledok bol vyraz-
ne lepsi v porovnani so skupinou s postihnutim predného
alebo oboch cipov, kde bola tato pravdepodobnost 49 +
9 % v rovnakom sledovanom obdobi.®

MIMVS sa stalo beznou metdédou pre mnohych pacien-
tov podstupujucich chirurgiu mitrdlnej chlopne. V Spoje-
nych $tatoch americkych vyuzitie tejto metody vzrastlo
z 11,9 % v roku 2004 na 20,1 % v roku 2008, v Nemecku
sa zvysilo z 13,1 % v roku 2004 na 45,2 % v roku 2013,
pricom v roku 2017 presiahlo 50 %.” Pochybnosti o pouziti
MIMVS, napriek rasticemu trendu, pramenia hlavne zo
skutocnosti, Ze tento pristup je technicky naroc¢nejsi a vy-
Zaduje dlh3i ¢as na osvojenie postupov.®

Medzi hlavné obavy z pouzivania MIMVS patri riziko
spojené s krivkou ucenia. Pocet pacientov potrebnych
na uspesné zvladnutie tejto krivky a spravna selekcia pa-

cientov je stale rozsiahlym predmetom diskusie. Literatu-
ra uvaddza mnozstvo analytickych metdéd na hodnotenie
krivky ucenia pri miniinvazivnej chirurgii, pricom jednou
z najcastejsie pouzivanych metéd je CUSUM. Tato meto-
da pomaha sledovat zmeny v ¢ase trvania mimotelového
obehu a ¢asu nalozeného klemu.? Vysledky sa medzi au-
tormi liSia. Autori popisuju rézny pocet vykonov na pre-
konanie krivky. Podla Wu a kol. sa jednd o 33 operacii,
Holzhey a kol. stanovili bod ucenia medzi 75 a 125 opera-
ciami, ¢o potvrdili aj podobné vysledky Vo a kol.>'®"" Ana-
lyza podla Papadopoulosa a kol. ukdzala, Ze pre preko-
nanie krivky ucenia bolo potrebnych 55 operdcii. Okrem
poctu operacii je klucovy aj spravny vyber pacientov pre
bezpecné zavedenie programu MIMVS."?

Zaver

MIMVS cestou VATS sa stavaju dostupnejsimi a ¢oraz viac
pouzivanymi metédami v chirurgii mitralnej chlopne.
Existuje viacero studii, ktoré porovnavaju miniinvazivnu
chirurgiu mitralnej chlopne s konven¢nou chirurgiou cez
medialnu sternotémiu. Napriek tomu, Ze miniinvazivny
pristup je spojeny s dlh§imi opera¢nymi ¢asmi, je dokdaza-
né, Ze znizuje pooperacné komplikacie, akymi je vyskyt
zlyhania oblic¢iek, fibrilacia predsieni, potreba transfiuzie
a infekcie rdn. Taktiez je preukazané, Ze je spojeny s krat-
$imi pobytmi pacientov na JIS a celkovym ¢asom hospita-
lizacie. Z pohladu pacienta sa jedna hlavne o minimalny
kozmeticky zasah (obr. 2).

Snahou nasho pracoviska je etablovat mininvazivne
postupy do Standardnej operativy a v kratkom case inicio-
vat plne endoskopické operacné vykony.

Je potrebné poznamenat, Ze nie kazdy je vhodnym
kandiddtom na MIMVS a skupina pacientov v nasej sledo-

Obr. 2 - Zobrazenie pooperacného stavu pacientky
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vanej skupine bola starostlivo vybrana. Spravny vyber pa-
cienta v rdmci predoperacného hodnotenia je klucovym
faktorom uUspechu, resp. neuspechu MIMVS a zohrdva
rozhodujucu ulohu ako prediktor uspesnosti plastiky mit-
ralnej chlopne. Pacienti s chorobnou obezitou, hlbokou
hrudnou dutinou, pripadne deformitami hrudnej steny
moZu predstavovat znacné technické vyzvy pri vyuziti mi-
nimalne invazivnych metdd.

Z hladiska perspektivy je stale potrebné skumanie dI-
hodobych vysledkov a efektivity danej procedury. Na
potvrdenie trvalych vyhod MIMVS a definovanie opti-
malnych indikacii a vyberu pacientov pre tento postup
sU nevyhnutné dalSie dlhodobé studie. Napriek potrebe
zru¢nosti a technickej naro¢nosti MIMVS je mozné uz
v prvych pripadoch dosahovat $tandardné operacné vy-
sledky. Zavedenie tejto procedury negativne neovplyvni
vysledky samotnej operdcie a nase kratkodobé vysledky
naznacuju, ze klinické vysledky a trvacnost opravy mitral-
nej chlopne nie su pri pouziti MIMVS metdd narusené.
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Cil: Vyhodnotit potifebu EKG monitorace u neselektovanych pacientl po prodélané infekci covid-19 a od-
hadnout riziko rozvoje arytmii a zmény variability srdecni frekvence.
Metody: Mezi bieznem 2020 a lednem 2021 byli pacienti, ktefi se zotavili ze symptomatické infekce SARS-
-CoV-2 prokazané polymerazovou retézovou reakci (PCR) (varianty alfa a beta), zafazeni do prospektivni ob-
servacni kohortové studie CoSuBr (COvid SUrvivals in BRno). Byly provedeny dvé sedmidenni monitorace EKG
ve dvou casovych intervalech: nejméné 3Sest tydnl po infekci a s ro¢nim odstupem. Vedle demografickych
parametr(i, anamnézy a klinického vysetieni byla hodnocena i variabilita srde¢ni frekvence (HRV).
Vysledky: Studijni soubor tvofilo 74 jedinc(, z toho 42 Zen (56,8 %). Pramérny vék ¢inil 48 let (rozmezi 21-77
let). Primérny Casovy interval mezi nastupem nakazy a prvni navstévou dosahoval 105 dni. V dobé zafazeni
se U 61 % pacientl projevovaly pretrvavajici pfiznaky, pficemz vice nez polovina celého souboru (51,3 %)
zminila alespon jeden pfiznak mozného srdecniho plvodu (dychaci potize, buseni srdce, nevykonnost, una-
va). Nedoslo k zadné zméné v primérné srdecni frekvenci mezi navstévami (72,7 + 8 vs. 72,5 = 8/min; p
= 0,756) a nebyla zaznamenana zadna zména vyskytu supraventrikuldrni nebo komorové ektopie. Nebyl
zjistén rozdil v EKG parametrech mezi symptomatickymi a asymptomatickymi skupinami. Pfi ro¢ni kontrolni
navstévé po infekci covid-19 nedoslo ke zméné variability srde¢ni frekvence hodnocené pomoci SDNN (V1 vs.
V2 156,6 + 40,6 vs. 156,0 + 38,0; p = 0,855), rMSSD (V1: 33 = 13,95 vs. 30,6 + 12,89; p = 0,175) a trianglu (V1:
28,5 + 7,8 vs. 29,5 = 8,8; p = 0,488). Hodnotili jsme pfitomnost supraventrikularnich a komorovych arytmii
a monitorovani EKG neprokézalo zadnou vyznamnou patologii.
Zavér: Navzdory mnoha informacim o srdecnim postizeni zpisobeném SARS-CoV-2 nase studie nenaznacuje
zvysené riziko vzniku arytmii po covidu-19 v ro¢nim sledovani. Na zdkladé nasich vysledkd se po zotaveni
z covidu-19 nedoporucuje rutinni monitorovani EKG.

© 2025, CKS.

ABSTRACT

Objective: To evaluate the need for ECG monitoring of unselected patients recovered from COVID-19 and to
estimate the risk of development of arrhythmias and heart rate variability change after severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2).

Methods: Between March 2020 and January 2021 patients who had recovered from PCR-proven SARS-CoV-2
symptomatic infection (alfa and beta variants) were enrolled in a prospective observational cohort study
CoSuBr (COvid SUrvivals in BRno) and those with two 7-day ECG monitoring have been analysed.
Demographic parameters, patient history, clinical evaluation, and 7-day ECG monitoring were recorded wi-
thin two times intervals: the first at least six weeks after infection and a follow-up visit one year later to
establish any changes in heart rate variability (HRV).
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Cardiac sequelae after COVID-19

Results: The study group consisted of 74 individuals, 42 of which were females (56.8%), with 7-day ECG
monitoring performed in both time intervals. The mean age was 48 years (range 21-77 years). The mean
time interval between the onset of the infection and the follow-up visit was 105 days. At the time of enrol-
ment, 61% of the patients were experiencing ongoing symptoms, while more than half of the whole group
(51.3%) mentioned at least one symptom of possible cardiac origin (breathing problems, palpitations, exer-
cise intolerance, fatigue). There was no change in the average heart rate between visits (72.7 + 8 vs. 72.5 +
8/min; p = 0.756), and no difference in the incidence of supraventricular or ventricular ectopy. There was no
difference in parameters between symptomatic/asymptomatic groups.

At the one-year follow-up visit after COVID-19 infection, there was no change in heart rate variability eva-
luated by SDNN (V1 vs. V2 156.6 + 40.6 vs. 156.0 + 38.0; p = 0.855), rMSSD (V1: 33 + 13.95 to 30.6 + 12.89; p
=0.175) and triangle (V1: 28.5 + 7.8 t0 29.5 + 8.8; p = 0.488). We evaluated the presence of supraventricular
and ventricular arrhythmias, and the ECG monitoring showed no significant pathology.

Conclusion: Despite a lot of information regarding cardiac impairment caused by SARS-CoV-2, our study
does not suggest an increased risk in developing arrhythmias after COVID-19 in the one-year follow-up.
Based on our results, routine ECG monitoring is currently not recommended after recovery from COVID-19.

COVID-19 is primarily a respiratory disease with poten-
tial extra pulmonary manifestations. Lethality is generally
low, and most patients recover within one or two weeks.
The COVID-19 pandemic hopefully reached its peak du-
ring the last couple of years, during which it left behind
not only fatalities but also many patients with ongoing
problems. The condition where the symptoms of COVID
persist beyond week 4 or beyond week 12 are called
“long COVID” and “post-COVID syndrome”, respectively.’

Approximately 5-10% fail to recuperate fully. Consid-
ering the number of people infected worldwide, dealing
with post-COVID patients can be challenging for health
care systems. The symptoms may affect many organ sys-
tems, including the cardiovascular system,? and may de-
velop regardless of the severity of acute infection. The
care and management of these long haulers is nowadays
based especially on the effort to rule out other common
causes of the present symptomatology.? As the manifes-
tation of post-COVID syndrome is highly varied and dif-
ferent phenotypes have recently been established,* an in-
terdisciplinary approach is recommended and physicians
across many fields of medicine are involved. This inves-
tigation is consuming in terms of time and personnel, is
expensive, and the efficacy is not very high. There is thus
a need for a comprehensive evidence-based plan to man-
age post-COVID symptoms. No specific therapy is avail-
able so far, and recommendations are mostly guided by
our experiences with non-COVID diseases.”

Many symptoms of post-COVID syndrome may overlap
with those of a cardiovascular origin. Despite data from
MRI studies about myocardial damage,® the clinical sig-
nificance of these findings is still unknown. Large epide-
miological studies have provided data about higher car-
diovascular risk after hospitalisation for COVID-19,” but
an evidence-based recommendation for single patients,
even with ongoing symptomatology, is still based mainly
on recommendations from authorities.

To better understand the cardiovascular sequelae of
COVID-19, we initiated a prospective observational cohort
study called CoSuBr (COvid SUrvivals in BRno). Results of
the echocardiographic parameters and biomarkers have
been recently published® and in these subsequent analy-
ses we were focused on arrythmias and heart rate vari-
ability. The aim of our study was to help physicians and

their patients with a tool which is commonly available in
their practise — 7-day ECG monitoring to estimate the risk
of developing arrhythmias during a one-year follow-up
after COVID-19 recovery and to detect possible changes
in heart rate variability as a marker of autonomic dys-
function.

Methods

We recruited patients in an outpatient clinic for post-
-COVID care at least 6 weeks after their recovery from
acute symptomatic COVID-19 infection (PCR-verified
SARS-CoV-2 from a nasopharyngeal swab). After sig-
ning an informed consent form, a clinician interviewed
all patients. The demography (age, sex), medical history,
and data about the acute phase of COVID-19 infection
were collected. The severity of the disease was classified
as follows: mild without dyspnea or abnormal chest ima-
ging; moderate for evidence of a lower respiratory tract
infection without a decrease of oxygen saturation <94%;
severe with a need for oxygen; critical with respiratory
failure and/or shock, need for oxygen/artificial ventila-
tion. The need for intensive care, type, and duration of
the symptomatology, and treatment were also evaluated.
Special interest was paid to ongoing ailments. Two 7-day
ECG monitoring was recorded: first at least 6 weeks after
acute infection (V1), and the second one a year later (V2).
All patients underwent also body plethysmography at the
beginning of the trial and those with moderate/severe re-
spiratory impairment have been excluded.

The trial protocol was approved by the institutional
review board at University Hospital Brno (08-100620/EK).
The data were managed using REDCap electronic data
capture tools, and a data analysis was carried out using
SAS software. The mean (and standard deviation) was
used to present average values for normal data distribu-
tion, and the median (and interquartile range) was used
to present data of non-normal distribution. Prevalence
is reported as the number of and percentage of patients
reporting the symptom within the group. A paired t-test
or its non-parametric alternative (Wilcoxon test) was
used to compare variables for one subject between the
visits.
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Results

The whole study group consisted of 106 individuals, while
an evaluation with an ECG Holter monitor was performed
in 96 of them on V1, and 74 on V2. The analyses perfor-
med for the study group consisted of 74 individuals, 42
of which were females (56.8%), with 7-day ECG moni-
toring performed in both time intervals. The mean age
was 48 years (range 21-77 years). The mean time interval
between the onset of the infection and the follow-up vi-
sit was 105 days. The most prevalent comorbidities were
arterial hypertension (n = 15, 20.3%) and dyslipidemia (n
= 12, 16.2%); others included obesity, e.g. BMI over 30 (n
= 8, 10.8%), hepatic steatosis (n = 3, 4.1%), asthma (n =
4, 5.4%) and renal insufficiency (n = 5, 6.8 %); see Table
1. Almost a quarter of the patients (23.0%) required hos-
pitalisation during the acute phase of the disease, with
only two of them requiring artificial ventilation; the rest
recovered at home with a mild form of the disease. At
the time of enrolment, 61% of the patients were expe-
riencing ongoing symptoms, while more than half of the
whole group (51.3%) mentioned at least one symptom of
possible cardiac origin (breathing problems, palpitations,
exercise intolerance, fatigue).

We assessed the presence of supraventricular pre-
mature beats (SPBs) and ventricular ectopy (premature

ventricular contractions), and the ECG monitoring after
the one-year period showed no significant pathology or
trend in the incidence of both these events. These data
are summarized in Table 1.

During the one-year follow-up after COVID-19 infection,
there was no change in heart rate variability evaluated by
SDNN (V1 vs. V2 156.6 +40.6 vs. 156.0 + 38.0; p = 0.855), rMS-
SD (V1: 33 + 13.95 to 30.6 = 12.89; p = 0.175) and triangle
(V1: 28.5 + 7.8 t0 29.5 + 8.8; p = 0.488). Dividing heart rate
oscillations into low-frequency (LF), and high-frequency (HF)
bands, we found significant statistical changes between V1
and V2 for LF (718 + 433.7 to 646 + 361; p = 0.024) and HF
(341.5 + 335 t0 268.0 + 266; p = 0.032).

There was no difference in presence of supraventric-
ular premature beats (SPBs), ventricular ectopy (prema-
ture ventricular contractions), and heart rate variability
between the group with ongoing symptomatology of
possible cardiovascular origin and those without these
symptoms.

During the one-year follow-up, one patient was diag-
nosed with asymptomatic paroxysmal atrial fibrillation,
and one with second degree atrioventricular block. No
patient died during the follow-up period.

The change in heart rate variability, as well as the in-
cidence of ventricular and supraventricular ectopy during
the follow-up visit, are summarised in Table 2.

Table 1 - Incidence of supraventricular and ventricular ectopy in visit 1 and 12 months later (V2)
V1 mean (SD)

Heart rate 72.7 (8.5)
Min. HR 44.9 (6.2)
Max. HR 154.5 (21.6)
Afib, flutter 0 (0)

SVT non-sustained 9.8 (29.8)
SPBs 1142 (4225)
SPB couplets 24.9 (98.5)
PVCs isolated 482 (2214.5)
PVCs couplets 2.9 (16.7)
PVCs bigeminy 2.3(11.6)
VT non-sustained 0.2 (0.58)

V2 mean (SD) p

72.5 (8.6) 0.756
45 (5.2) 0.982
151.7 (21.2) 0.186
0.8(7.2) 1

15 (50.6) 0.800
1278.9 (4262) 0.790
23.8 (87.5) 0.043
941 (5451.5) 0.965
1.6 (5.3) 0.674
16 (116.5) 0.984
0.4 (0.9) 0.127

SBPs — supraventricular premature beats, premature ventricular contractions; SVT — supraventricular tachycardia; VT - ventricular tachycardia.

Table 2 - Parameters of heart rate variability in visit 1 and 12 months later (V2)
V1 mean (SD)

HF bands 341.5 (334.9)
LF bands 718.8 (433.7)
rMSSD 33(13.9)
pNN50 10.8 (9.28)
SDNN 156.6 (40.6)
SDDN index 59.5 (18)
Triangle 28.5(7.8)

V2 mean (SD) p

268 (266.3) 0.032
646.8 (361) 0.024
30.6 (12.8) 0.175
9.3(8.7) 0.255
156 (38.2) 0.855
55.8 (15.7) 0.036
29.5 (8.8) 0.488

HF - high frequency; LF — low frequency.
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Discussion

Our 7-day study with an ECG Holter monitor is a part of
a larger follow-up project (CoSuBr) on the subjects after
SARS-CoV-2 infection. Echocardiographic parameters and
biomarkers from the whole study group (n = 106) have
been published recently.® These subanalyses of ECG Hol-
ter were done only for the subset of participants (n = 74),
where both recordings were available.

A majority of our patients had a mild course of the
acute disease, which is the same proportion of COVID-19
disease’s severity globally. Our population represents
a wide spectrum of ages. More than half of the study
group (61%) fulfilled the criteria of post-COVID syndrome
at the time of enrolment, which is given by the source of
our subjects — mainly an outpatient clinic for post-COVID
care.

Except for hypertension (20%), none of our patients
suffered from cardiovascular disease before the enrol-
ment. The rate of repeated infection was rare — only four
patients had recidivism of COVID during the one-year
follow-up period. In addition, an analysis of vaccinated
and unvaccinated is impossible, because recruitment to
the study had nearly been completed by the time the vac-
cine became available.

Despite the high rate of symptomatic patients in our
study group, the incidence of clinical significance arrhyth-
mias was rare, and their distribution was in the oldest
tenth of our study group. One patient was diagnosed
with de novo paroxysmal atrial fibrillation (female, 73
years old, dilated left atrium), another with atrioventricu-
lar block with an indication for implantation of a pace-
maker (male, 71 years old; cardiac MRI did not find any
signs of myocardial inflammation). We do not suspect
these endpoints to be the direct result of SARS-CoV-2 in-
fection. Also the absence of difference in ECG parameters
in symptomatic and asymptomatic subjects doesn’t sup-
port the cardiovascular apparat as organ system respon-
sible for ongoing problems in post-COVID patients. No
patients died during the follow-up period.

The impairment of the cardiovascular system during
the acute phase of COVID-19 infection has been well
described.® The impact of hypoxia and cytokine storm
during severe inflammatory responses in predisposed
individuals can cause a broad spectrum of cardiovascu-
lar pathologies, including arrhythmias. In addition, myo-
cardial damage caused by SARS-CoV-2 is suspected for
reasons including its spike affinity to the ACE2 receptor
binding domain, which plays an essential role in the re-
nin-angiotensin system.°

A significant proportion of patients suffered ongo-
ing problems during the weeks and months after acute
COVID infection. Common complaints have included per-
sistent fatigue, shortness of breath, brain fog, and also
palpitations. Davies et al."" in an online survey of a post-
COVID population report tachycardia in 61.4% of patients
and suspect possible postural orthostatic tachycardia syn-
drome in almost a third of them. There are also several
possible mechanisms for decreased arrhythmic burden
after COVID infection: direct cytotoxic injury, antibody
or cytokine induced damage, changes in microcircula-
tion, inflammatory cardiac channelopathies and many

others.'* During all waves of the pandemic, hospitalisa-
tion was high especially in elderly individuals and/or in
those with comorbidities. Large epidemiological studies
and data from registries brought strong evidence of car-
diovascular risk for the post-COVID population between
30 days and one year after acute illness (hazard ratio for
dysrhythmias was 1.69),"* and similar results for any car-
diovascular endpoints were described also by Wang et al.
(HR 1.552[1.526-1.578]).” The risk was only slightly higher
in the non-hospitalised and mainly driven by the severe
and critical forms of the disease. An explanation of these
findings may be hidden in the frailty of the subjects hos-
pitalised for acute coronavirus infection and the need for
admission may only be a marker of lower general health
and pre-existing cardiovascular risk. This is in concurrence
with the results of our study, when in the early post-
acute phase of recovery and one year after there was no
change in the incidence of ventricular or supraventricular
ectopy. This does not support the theory of SARS-COV-
2-induced arrhythmias. Even if our sample is not large,
the sequential 7-day ECG monitoring in predefined time
frame of one year is robust enough to be able to find
possible changes. Considering that in our study popula-
tion, there were more than 60% of patients with ongoing
problems and that previously published analyses of the
whole CoSuBr study group did not find dynamics of echo-
cardiographic parameters and cardio markers in the one-
year follow-up after COVID-19,® we assumed that SARS-
COV-2's influence on the heart in the post-COVID period
is weak (if at all). We also conclude that the symptoms
related to post-COVID syndrome are not of cardiac origin.

Observational and epidemiological studies observed
a higher rate of atrial fibrillation,” while another study
from Italy reported an increase of ventricular tachycar-
dia in heart disease patients with implanted devices and
the authors suggest an association with lower physical
activity during the pandemic.' Significantly higher rates
of isolated ventricular premature beats (VPB) and supra-
ventricular premature beats (SVPB) were found in 53.3%
and 52.5% of 90 post-COVID athletes, respectively, but no
malignant arrhythmias were identified.' These data are
in concordance with our results and also do not support
the theory of a direct relationship between infection and
higher risk of arrhythmias during recovery.

Our study group of mostly outpatients with ongoing
symptomatology is quite similar to the population en-
rolled in a Polish long-covid cardiovascular study, which
found 6.9% patients with myocardial dysfunction based
on echo or MRL.'® This was not dependent on the severity
of the disease course. In their observational study they
also found more (p=0.008) heart rhythm disturbances
(atrial fibrillation, supraventricular extrasystole, ventricu-
lar extrasystole) in patients with vs without myocardial
dysfunction after COVID. In contrast to classic postCOVID
pattern, patients affected were mostly men of average
age 51+13 and also the absence of previous cardiovascu-
lar disease was based only on patient’s history. No serious
arrhythmias and/or conduction disorders were pointed
out. They conclude that ECG changes can indicate the
possibility of cardiovascular dysfunction. Relationship be-
tween changes described and SARS-COV-2 infection re-
mains uncertain.
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In post-COVID syndrome patients, mainly in young
women, inappropriate sinus tachycardia was described."’
Moreover, a decrease in physical activity after acute infec-
tion, especially in those with ongoing symptomatology,
can lead to deconditioning and secondarily to increased
heart rate. In our study there was no statistical significant
difference in HR between visits. There was only one sub-
ject (20-year-old female) fulfilling the condition for inap-
propriate sinus tachycardia who was successfully treated
by Ivabradin. This condition can be related to autonomic
dysfunction, which is one of the possible mechanisms of
the development of post-COVID symptomatology.'®'

Heart rate variability (HRV) from at least a 24-hour
measurement is a tool for stratifying cardiovascular risk,
when the SDDN values are able to predict morbidity and
mortality.®® In the one-year follow up after COVID-19
infection, our study did not detect any change in heart
rate variability as evaluated by SDNN, rMSSD, and tri-
angle (Table 2). Dividing heart rate oscillations into low-
frequency (LF) and high-frequency (HF) bands, we found
significant statistical changes between V1 and V2 for LF
and HF. These parameters are mostly affected by breath-
ing rate,?' which can be a result of the lungs healing and/
or regaining conditioning. These parameters also repre-
sent possible autonomic dysregulation (HF/LF ratio) and
sympathetic/parasympathetic system activity, which was
also described after COVID infection.?? One of them is
postural orthostatic tachycardia syndrome (POTS), which
has been described mainly in young woman after a mild
course of the acute disease and appears to be the most
common autonomic phenotype among these patients.?
Our data for heart rate variability analyses were not ob-
tained under controlled conditions, but come from our
subjects under normal living conditions. Based on this, we
are not able to express a final statement on HRV.

There are surely limitations of our study. First of all
the sample size is too small to be able to make definite
conclusion about the risk of arrhythmias in post-COVID
patients. Another problem is also the change of immune
response of virus naive population, on which our study
has been performed and the nowadays people, who surly
underwent several waves of coronavirus infection and
the most vulnerable are usually (or should be) vaccinated.
There is also a change of virus itself, when all of our pa-
tients were enrolled in time when original SARS-CoV-2 or
beta variant dominated in the Czech Republic and before
current variants or omicron and even delta have been on
stage.

Conclusion

Despite a lot of information regarding cardiac impairment
of SARS-CoV-2, our study does not suggest an increased
risk in developing arrhythmias after severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) in a one-year
follow-up, even in a population with a high proportion
of ongoing symptomatology. There was no difference in
parameters between symptomatic/asymptomatic groups.
We have not found any change in heart rate variability
during the one-year follow-up, but some findings from
our study may suggest autonomic dysfunction after CO-

VID-19. Based on our results, routine ECG monitoring is
currently not recommended during COVID-19 recovery.
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Uvod: Ruptura komorového septa (ventricular septal rupture, VSR) pfedstavuje vzacnou, ale Zivot ohrozujici
komplikaci akutniho infarktu myokardu (AIM), s niz se Ize setkat pfiblizné v 0,2 % ptipad( po AIM. Chirur-
gicka lécba jako definitivni feseni je spojena s vysokym rizikem umrti, zvlasté pokud se provadi v naléhavych
pfipadech.
Cil: V této studii predstavujeme pripady péti pacientt s VSR po AIM a hodnotime chirurgickou 1écbu a po-
operacni vysledky ve vSeobecné nemocnici Dr. Soetomo General Hospital (Indonésie).
Metody: Provedli jsme retrospektivni analyzu pfipadd péti pacientl (muz() ve véku 44 az 63 let, u nichz
byla v letech 2023 a 2024 stanovena diagnéza VSR po AIM. Jejich demografické udaje, charakteristiky VSR,
chirurgicky vykon i pooperacni vysledky byly systematicky zkontrolovany. Emergentni chirurgicky vykon mél
prioritu u hemodynamicky nestabilnich pacientd, u nichz byl nasledné doplnén intenzivni pooperacni péci.
Vysledky: Rozsah VSR se pohyboval v rozmezi od 0,55 cm do 3,0 cm, pficemz vétSina z nich se vyskytla
v oblasti srdecniho hrotu. Prezili ¢tyfi z péti pacientd; u jednoho doslo k rozvoji fatalnich komplikaci véetné
kardiogenniho $oku, nesetrvalé komorové tachykardie, nozokomialni (nemocni¢ni) pneumonie a akutniho
poskozen ledvin 10. pooperacni den. Mezi pooperacni komplikace patfily akutni poskozeni ledvin (u ctyf
pacient), kardiogenni Sok a pleuralni vypotek. Délka pobytu v nemocnici se pohybovala v rozmezi 8 az 16
dni, pfi¢emz u jednoho pacienta bylo nutno pouzit intraaortalni balonkovou kontrapulsaci.
zavér: Casna chirurgické intervence je pro lé¢bu VSR po AIM naprosto zasadni, stejné jako je pro lepsi vy-
sledky [écby nezbytné peclivé nacasovani vykonu a vybér pacienta. Intenzivni pooperacni péce hraje zésadni
ulohu pfi mirnéni komplikaci a rychlejsim zotaveni této vysoce rizikové populace.

© 2025, CKS.

ABSTRACT

Introduction: Ventricular septal rupture (VSR) is a rare but life-threatening complication of acute myocardial
infarction (AMI), occurring in approximately 0.2% of post-AMI cases. Surgical repair is the definitive tre-
atment, it carries a high mortality risk, particularly when performed emergently.

Aim: To present a case series of five patients with VSR following AMI and evaluate their surgical manage-
ment and postoperative outcomes at Dr. Soetomo General Hospital

Methods: A retrospective analysis was conducted on five male patients, aged 44 to 63 years, diagnosed with
VSR post-AMI between 2023 and 2024. Patient demographics, VSR characteristics, surgical interventions,
and postoperative outcomes were systematically reviewed. The management strategy prioritized emergent
surgical repair in hemodynamically unstable patients, supplemented by intensive postoperative care.
Results: VSR sizes ranged from 0.55 cm to 3.0 cm, predominantly located in the apical region. Four of the
five patients survived, while one patient experienced fatal complications, including cardiogenic shock, non-
-sustained ventricular tachycardia, hospital-acquired pneumonia, and acute kidney injury on postoperative
day 10. Postoperative complications included acute kidney injury (in four patients), cardiogenic shock, and
pleural effusion. Hospital stays varied from 8 to 16 days, with one patient requiring intra-aortic balloon
pump support.

Conclusion: Early surgical intervention is critical in managing post-AMI VSR, with precise timing and careful
patient selection essential for improving outcomes. Intensive postoperative management is pivotal in miti-
gating complications and enhancing recovery in this high-risk population.
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Introduction

In 1847, Latham first identified ventricular septal ruptu-
re (VSR), which occurs in the interventricular septum that
separates the right and left ventricles. This septum is com-
posed of two primary sections: the muscular part and the
membranous part. The muscular part makes up the bulk
of the septum, located beneath the membranous part,
and is thick, arising from the bulboventricular flange.
Conversely, the membranous part is smaller and thinner,
positioned above the muscular part, and is derived from
neural crest cells. Ventricular septal rupture (VSR) is an in-
frequent but life-threatening complication of acute myo-
cardial infarction (AMI), with an incidence of approxima-
tely 0.2% post-AMI. It typically presents within the first
week following infarction, leading to acute left-to-right
shunting, heart failure, and cardiogenic shock." Despite
advances in revascularization and medical therapy, sur-
gical repair remains the definitive treatment, though it
is associated with high mortality rates, especially when
performed emergently.?

The management of VSR is challenging due to the he-
modynamic instability of patients and the complexity of
surgical repair. This case series reports five patients who
underwent surgical intervention for VSR at Dr. Soetomo
General Academic Hospital Surabaya between 2023 and
2024, detailing their presentations, surgical techniques,
and outcomes.

Case description

This retrospective case series was conducted at Dr. Soeto-
mo General Academic Hospital Surabaya between Janu-
ary 2023 and September 2024. Data were collected from
medical records, including demographics, clinical presen-

tation, imaging findings, surgical approach, and postope-
rative outcomes. The inclusion criteria were diagnosis of
VSR confirmed by echocardiography, the fact that the pa-
tients underwent surgical repair within the study period,
aged 18 years or older. The exclusion criteria were VSR
managed non-surgically, incomplete medical records. Sur-
gical techniques used in these cases were surgeries under
cardiopulmonary bypass, with defect closure performed
using either pericardial or synthetic patches.

In this case series of five patients who underwent surgi-
cal repair for ventricular septal rupture (VSR), all patients
were male, with ages ranging from 44 to 63 years (mean
age of approximately 57.6 years). All patients profile and
demographics are provided in Table 1. The majorities of
the patients presented with typical symptoms of VSR fol-
lowing acute myocardial infarction (AMI), including chest
pain, dyspnoea, and hypotension. In terms of AMI type,
most of the cases were associated with apical infarctions,
with one patient having an antero-septal infarction and
another having a rupture at the border between the in-
terventricular septum (IVS) and the right ventricular (RV)
free wall. VSR was confirmed by transthoracic echocar-
diography in all cases, revealing defects varied signifi-
cantly, from 0.55 cm to 3.0 ¢cm in size. The Intraoperative
findings are shown in Figure 1.

The postoperative outcomes of the five patients un-
dergoing ventricular septal rupture (VSR) repair varied,
with most experiencing significant complications, reflect-
ing the high-risk nature of this surgical procedure. Four
patients required preoperative vasopressor or intra-aortic
balloon pump (IABP) support due to hemodynamic insta-
bility. Surgery was performed between 12 and 29 days af-
ter diagnosis, depending on the severity of the patients’
conditions. Postoperative outcomes varied, with four out
of five patients surviving, resulting in an 80% survival rate.
However, one patient (patient 2) passed away on post-

Table 1 - Patient profile and demographics

No. Age Gender Presentation AMI VSR
before type size
surgery (cm)

1 44 Male  Chest pain, dyspnoea, Apical 3.0
hypotension (on support
vasopressor)
2 63 Male  Chest pain, dyspnoea, Apical 0.55
hypotension (on support and
max. dose vasopressor) 1.0
3 60 Male  Chest pain, dyspnoea Apical, 1.2
antero
septal
4 62 Male  Chest pain, hypotension Apical 25
(on support IABP and
vasopressor)
5 59 Male  Chest pain, dyspnoea, Border 2.5
hypotension (on support  between
IABP and vasopressor) IVS and
RV free

wall

Timing of Surgical Complication Outcome
surgery after technique
diagnosis
(days)
29 CABG + patch Low cardiac Discharged
repair output, acute POD-8
kidney injury
20 CABG + patch  Cardiogenic shock, Passed
repair + |IABP non-sustained VT, away on
HAP, acute kidney POD-10
injury
27 CABG + patch Right pleural Discharged
repair effusion POD-16
12 CABG + patch  Acute kidney injury Discharged
repair POD-10
16 Patch repair ~ Cardiogenic shock, Discharged
acute kidney injury ~ POD-10




D. Y. Sukanto, Y. E. Sembiring, O. Revianto

599

VSR repair with PTFE Patch

LV reconstruction with
DOR procedure

Multiple VSR, diameter
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Fig. 1 - Intraoperative images of ventricular septal rupture (VSR) repair and left ventricular (LV) reconstruction.

operative day 10 due to complications including cardio-
genic shock, non-sustained ventricular tachycardia (VT),
hospital-acquired pneumonia (HAP), and acute kidney
injury. The majority of the patients experienced serious
postoperative complications. These included: 1) low car-
diac output syndrome and acute kidney injury in patient
1; 2) cardiogenic shock, VT, hospital-acquired pneumonia,
and acute kidney injury in Patient 2 (who did not survive);
3) right pleural effusion in patient 3; 4) acute kidney in-
jury in patients 4 and 5. Hospital stays ranged from 8 to
16 days, with the longest being in a patient who experi-
enced pleural effusion. In summary, while the majority of
patients survived, the postoperative course was compli-
cated by significant morbidities, including renal failure,
respiratory complications, and hemodynamic instability.
These findings highlight the high risk associated with VSR
repair, underscoring the importance of comprehensive
perioperative management and close monitoring of po-
tential complications.

Discussion

This case series highlights the significant challenges and
complexities involved in the surgical management of ven-
tricular septal rupture (VSR) following acute myocardial
infarction (AMI). The condition remains a serious compli-
cation of AMI, despite advancements in medical therapy
and revascularization strategies. The five cases presented
here demonstrate the wide spectrum of clinical presen-
tations and the variable outcomes associated with VSR
repair.® All patients in this series were male, with a mean
age of 57.6 years, which is consistent with the typical
demographic profile of VSR patients as documented in

other studies.* The majority of the cases involved apical
infarctions, with one patient having an antero-septal in-
farction and another having a rupture near the interven-
tricular septum and right ventricular free wall. These fin-
dings align with the known distribution of VSR locations
following AMI, where apical and antero-septal regions
are more prone to rupture due to high myocardial wall
stress in these areas during infarction.®

In terms of preoperative presentation, all patients ex-
hibited common symptoms of VSR, including chest pain,
dyspnoea, and hypotension, which are indicative of heart
failure and hemodynamic instability. Four out of five
patients required preoperative support with inotropic
agents or vasopressors due to severe hemodynamic com-
promise, with two of these patients also needing intra-
aortic balloon pump (IABP) support. This demonstrates
the critical instability that many VSR patients face before
surgery. The timing of surgery after diagnosis varied be-
tween 12 and 29 days, reflecting the need for individual-
ized decisions based on the patient’s clinical stability and
optimization before surgery. The variability in timing also
highlights the dilemma in managing VSR, where earlier
intervention is necessary for unstable patients but delay-
ing surgery may allow for myocardial stabilization and
reduce the risk of complications.®

The outcomes from this case series reinforce the high-
risk nature of VSR repair, with four out of five patients
surviving, resulting in an 80% survival rate. This survival
rate is slightly higher than historical averages, which re-
port mortality rates ranging from 20% to 60%, depending
on patient stability and the timing of surgery.” However,
significant postoperative complications were common,
with acute kidney injury occurring in four of the five pa-
tients. Other complications included low cardiac output
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syndrome, cardiogenic shock, and pleural effusion. The
patient who did not survive (patient 2) experienced car-
diogenic shock, non-sustained ventricular tachycardia
(VT), hospital-acquired pneumonia (HAP), and acute kid-
ney injury, illustrating the vulnerability of patients even
after surgical correction of the VSR.

The length of hospital stay ranged from 8 to 16 days,
with longer stays associated with more severe complica-
tions such as pleural effusion and cardiogenic shock. This
variation in recovery times further highlights the com-
plexity of managing postoperative care in VSR patients>.
Intensive monitoring and management of potential
complications, such as renal failure and hemodynamic
instability, are essential for improving patient outcomes.
The timely use of mechanical circulatory support, such as
IABP, in some patients proved critical in stabilizing these
high-risk patients perioperatively.

Surgical techniques were consistent across all cases,
with the use of cardiopulmonary bypass and patch re-
pair being the standard approach. In three patients,
concomitant coronary artery bypass grafting (CABG) was
performed, a reflection of the significant coronary artery
disease often associated with these patients. Combined
CABG and VSR repair are not uncommon, particularly
when significant coronary occlusion has contributed to
the infarction and rupture. The timing of surgery remains
a key point of debate. While delayed surgery is often pre-
ferred to allow for myocardial stabilization, emergent
surgery may be the only option in critically unstable pa-
tients, as seen in patient 2, who ultimately succumbed to
complications despite timely intervention.

This case series has several limitations that should be
acknowledged. First, the small sample size, comprising
only five patients, restricts the generalizability of the
findings; a larger cohort would provide more robust data
on the outcomes and complications of VSR surgery, bet-
ter reflecting the variability in patient presentations and
responses to treatment. Additionally, as a single-centre
study conducted at Dr. Soetomo General Academic Hos-
pital, the results may be influenced by the specific proto-
cols, surgical techniques, and postoperative care practices
at that institution, highlighting the need for multicentre
studies to validate these findings in different settings.
Furthermore, the retrospective design relies on the accu-
racy and completeness of medical records, leaving room
for potential biases due to incomplete documentation
or missing data. The focus on short-term postoperative
outcomes also limits insights into long-term survival and
quality of life post-discharge, making long-term follow-
up essential for assessing the durability of VSR repairs.
Lastly, the variability in the size and location of the VSRs,
along with differing preoperative hemodynamic stability
and comorbidities, complicates the ability to draw defini-
tive conclusions regarding the factors that most signifi-
cantly influence outcomes; a more homogeneous patient
population might provide clearer insights.

Conclusion

In conclusion, the management of VSR remains a formi-
dable challenge, even with modern surgical techniques
and postoperative care. This case series demonstrates
that while the majority of patients can survive VSR repair,
the procedure is associated with significant morbidity,
particularly renal and respiratory complications. The re-
sults underscore the need for individualized surgical stra-
tegies, early intervention when necessary, and compre-
hensive postoperative care to optimize patient outcomes.
Future research should focus on identifying the optimal
timing for surgical repair and exploring new treatment
modalities to further reduce the high risk of mortality
and complications associated with VSR.
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Kontext: Se srde¢nim selhanim (heart failure, HF), coz je komplexni syndrom s vyznamnymi klinickymi du-
sledky i dUsledky pro verejné zdravi, se Ize setkat priblizné u 1 % az 2 % dospélych osob. Smyslem programu
pohybového tréninku pfi HF je zvysit télesnou zdatnost pacientl a zlepsit kvalitu jejich Zivota pfi soucasném
snizovani pravdépodobnosti hospitalizaci a imrti. Pfes opakované zdlrazrovéni potreby cviceni v doporu-
Cenych postupech pro kardiorehabilitaci byla zjevna nedostatecnd tcast pacientti s HF v téchto programech.
Cile: Zhodnotit, jaky dopad ma kratky, strukturovany program pohybového tréninku na jedince s kompen-
zovanym chronickym srdecnim selhdnim ve smyslu zlepseni hodnot klinickych, laboratornich a echokardio-
grafickych parametra.
Metody: Randomizované kontrolované studie se zucastnilo 107 ambulantnich pacient( s chronickym srdec-
nim selhanim (HFrEF a HFmrEF) v klinicky stabilizovaném stavu. V obdobi od kvétna 2022 do ¢ervna 2023 byli
Ucastnici studie zafazovani bud do skupiny s cvicenim, nebo do kontrolni skupiny.
Intervence: Obvykla péce plus aerobni pohybovy trénink po dobu 12 tydn(.
Shromazdovaly se hodnoty 6MWT, KCCQ-12, krevni vzorky pro rutinni laboratorni vysetfeni a hodnoty NT-
-proBNP v séru; pfi vstupu do studie a po 12 tydnech bylo provedeno klasické echokardiografické vysetieni
a vysetfeni metodou dvourozmérného ,speckle tracking” (2D-speckle tracking); rovnéz se zaznamenavaly
nezadouci prihody vcetné umrti z kardiovaskularnich pficin, pfevozu na oddéleni urgentniho pfijmu (ER)
a hospitalizace po 12 tydnech.
Vysledky: Pacienti byli ndhodné zarazovani do skupiny s cvicenim (n = 60) nebo do kontrolni skupiny (n = 47).
V obou skupinach prevazovali muzi, 58 % ucastnikl ve skupiné s cvi¢enim a 68 % ucastnikd v kontrolni
skupiné mélo ischemickou etiologii.
Pti celkové adherenci k programu pohybového tréninku 83,7 % absolvovalo 58 t¢astnikd (96,7 %) kontinu-
alni pohybovy trénink, zatimco ostatni Ucastnici absolvovali vysoce intenzivni intervalovy trénink.
N&s$ vyzkum prokazal, Ze u skupiny s cvicenim se statisticky vyznamné zvysila funkcni kapacita v podobé
prodlouzené vzdalenosti v testu 6MWT (420 vs 260 m; p < 0,001) a VO, _ (16,8 vs 14,7 ml/kg/min; p < 0,001);
navic bylo v dotazniku KCCQ-12 zaznamenéno zlepseni kvality Zivota o 8 bodu v srovnani s kontrolni skupi-
nou (p <0,001).
U skupiny s cvicenim bylo ve srovndni s kontrolni skupinou pozorovano i statisticky vyznamné zlepseni u glo-
bélni longitudinalni deformace (12,5 vs. -9,7 %; p = 0,005) a ejek¢ni frakce (37,8 vs. 33,1 %; p = 0,04).
Béhem sledovéni byl nalezen statisticky nevyznamny rozdil v hodnotach NT-proBNP mezi obéma skupinami.
Ve skupiné s cvicenim bylo hospitalizovdno méné pacient(i nez v kontrolni skupiné; tento rozdil byl statistic-
ky vyznamny (p = 0,045). Incidence ostatnich pfihod byla v obou skupinach srovnatelna.
U skupiny s cvicenim bylo v hodnotach 6MWT, VO, _ (p <0,001), NT-proBNP (p = 0,05), snizené srdecni frek-
vence (p = 0,005), snizené ejekéni frakce LK na konci diastoly (p = 0,007), snizeného objemu na konci systoly
(b <£0,001) a zlepsené ejekeni frakce (p < 0,001) zaznamenano statisticky vyznamné zlepseni pfi srovnani
vstupnich hodnot a hodnot na konci sledovani.
Zavéry: Pravidelné cvicici Ucastnici s chronickym srdecnim selhdnim uvedli zlepseni ejek¢ni frakce, zvySeni
kvality Zivota a funk¢ni kapacity a nizsi incidenci nezadoucich pfihod véetné poctu hospitalizaci.
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Short-term effects of exercise training program on patients with CHF

ABSTRACT

Background: About 1% to 2% of adults suffer from heart failure (HF), a complex syndrome with significant
clinical and public health issues. Exercise training for heart failure seeks to enhance patients’ physical fitness
and quality of life while simultaneously diminishing the likelihood of hospitalizations and mortality. Poor
heart failure patient participation was apparent despite strong guidelines for cardiac rehabilitation.
Objectives: For evaluating how a brief, structured exercise training program impacts those suffering from
compensated chronic heart failure in terms of improving clinical, laboratory, and echocardiographic para-
meters.

Methods: 107 medically stable outpatients with chronic heart failure (HFrEF and HFmrEF) participated in
arandomized control trial. Participants were allocated to either the exercise or control groups between May
2022 and June 2023.

Intervention: usual care plus aerobic exercise training for 12 weeks.

6MWT, KCCQ-12, blood samples for routine labs and serum NT-proBNP were collected and conventional
echocardiography and 2D-speckle tracking studies were done at baseline and after 12 weeks, the adverse
events after 12 weeks were recorded including cardiovascular death, ER visits and hospitalization.

Results: Exercise group (n = 60) and control group (n = 47) were allocated at random to the patients.

Both groups were dominated by males, and 58% of the exercise group and 68% of the control group had
ischemic etiology. With the overall adherence to the exercise training program being 83.7%, the 58 exercise
group patients (96.7%) underwent continuous exercise training while the rest underwent high intensity
interval training.

Our research revealed that the exercise group significantly improved their functional capacity by increasing
their 6MWT distance (420 vs 260 m, p <0.001) and VO,__ (16.8 vs 14.7 ml/kg/min, p <0.001), additionally their
quality of life by 8 points on the KCCQ-12 when compared to the control group (p <0.001).

The exercise group’s global longitudinal strain (-12.5 vs. =9.7%, p = 0.005) and ejection fraction (37.8 vs.

33.1%, p = 0.04) both significantly improved when in comparison to the control group.

At the follow-up, there was insignificant difference in the NT-proBNP between the two groups.

The exercise group experienced fewer hospitalized patients than the control group, which was statistically

significant (p = 0.045). Other adverse events were comparable in both groups.

6MWT, VO, _ (p <0.001), NT-proBNP levels (p = 0.05), decreased heart rate (p = 0.005), decreased LV end-
Keywords: -diastolic (p = 0.007), end-systolic volumes (p <0.001), and improved ejection fraction (p <0.001) were all

Exercise training

significantly improved when comparing baseline and follow-up data of the exercise group.

Heart failure Conclusions: Regular exercisers with chronic heart failure report improving ejection fraction, quality of life,
6MWT functional capacity, and fewer adverse events, encompassing hospitalization as well.

Background

Heart failure (HF) is a complex clinical syndrome with se-
veral signs and comorbidities," continues to be a signifi-
cant health problem that impacts 1% to 2% of humans.?
Due to a population that is increasing in age, the preva-
lence of heart failure continues to increase,* decreasing
the quality of life* and raising the financial strain on the
public healthcare system and patients.®

Over the past three decades, cardiac rehabilitation has
transformed from a sole emphasis on exercise training
to a comprehensive, multidisciplinary approach. It now
encompasses patient evaluation, education, risk factor
management comprising dietary guidance and lifestyle
changes — smoking cessation support, psychological care,
and strategies to address adherence challenges.5’

Improving a patient’s capacity for physical activity and
overall health-related well-being, as well as enhancing
the effects of medications and devices in lowering the
risk of death and hospital stay, are the main goals of ex-
ercise training for heart failure.*®

Cardiac rehabilitation aims to help patients reach goals
for controlling coexisting conditions, such as psychologi-
cal disorders, musculoskeletal limitations, and sleep ap-
nea; adhere to guidelines for medical therapies; and
achieve cardiovascular health and guidelines for control-
ling blood pressure, lipids, weight, blood glucose, and to-
bacco exposure.®

In the last ten years, evidence from numerous meta-
analyses has highlighted the advantages of exercise train-
ing for heart failure, comprising a relative reduction in
hospitalizations for both heart failure, all cause cardio-
vascular events and better health-related quality of life
outcomes.'™

Findings from research employing safe exercise regimens
support the idea that heart failure patients can benefit from
activity-based rehabilitation. The studies encompassed in
the systematic review and meta-analyses reported no sig-
nificant adverse effects linked to exercise training.''2

Despite strong recommendations in the ESC' 2021 and
AHA™ 2022 heart failure guidelines for cardiac rehabilita-
tion. There was a clear lack of involvement from heart
failure patients, which has been linked to several impor-
tant contributing factors involving patients, healthcare
providers, and systemic problems.®

This study’s objective is assessing how a brief, struc-
tured exercise training program can enhance clinical, lab-
oratory, and echocardiographic parameters in patients
with compensated chronic heart failure.

Methods

Study design and patients’ selection
This was a randomized controlled interventional study
which included 107 patients presented with chronic sta-
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ble heart failure (NYHA I-lll) to Kasr Al Ainy specialized
heart failure clinic in the period from May 2022 to June
2023

Inclusion criteria

Patients with compensated heart failure who had a redu-
ced or mildly reduced ejection fraction (EF <50%) were
recruited for the study.

Exclusion criteria

Exclusion criteria comprised recent acute coronary syn-
drome patients, untreated life-threatening cardiac arrhy-
thmias, atrial fibrillation, significant primary valvular ab-
normalities, patients with prosthetic valves, high degree
atrioventricular block, pregnancy, acute myocarditis and/
or pericarditis, severe hypertrophic obstructive cardio-
myopathy with the resting or provoked LVOT gradient
>50 mmHg, intracardiac thrombi, history of significant
myocardial ischemia or arrhythmia during low-intensity
exercise, acute systemic illness or fever, cerebrovascular or
musculoskeletal disease preventing exercise testing or trai-
ning, severe chronic obstructive pulmonary disease, poor
echocardiographic window ‘low patients’ adherence in the
exercise group (defined as non-adherent <20% and partia-
Ily adherent patients [20-80%]) and consent refusal.

Ethical committee approval

On August 4, 2022, the Cairo University Faculty of Medici-
ne’s local ethics committee approved the study protocol,
which was assigned the code MD-214-2022.

Patients’ consent

All patients signed an informed consent after explaining
the study protocol and they approved on publication of
study results.

Randomization

Heart failure patients were randomized through asking
them to choose a number; either 1 or 2, where 1 was as-
signed to the exercise group and 2 was assigned to the
control group. All patients were on optimal treatment
for heart failure including diuretics, maximally tolerated
doses of RAAS blockers (angiotensin receptor/neprilysin
inhibitor [ARNI], angiotensin receptor blockers [ARBs],
angiotensin-converting enzyme [ACE] inhibitors, mine-
ralocorticoid receptor antagonist [MRA], sodium-glucose
cotransporter-2 [SGLT2] and beta-blockers [BB]) in accor-
dance with the latest recommendations of the European
Society of Cardiology guidelines for HF treatment.'

Baseline assessment

B Clinical assessment and ECG

Detailed history was taken including heart failure aetio-
logy and cardiovascular risk factors. Thorough physical
examination was performed including assessment of he-
art failure signs, blood pressure, heart rate and weight
measurement.

B Electrocardiogram (ECG)

A twelve lead ECG was performed to detect any form of
arrhythmias and to assess ECG waves morphology and du-
rations.

B Echocardiography

The American Society of Echocardiography’s (ASE) guide-
lines for adult cardiac chamber quantification were follo-
wed in all measurements.'*

The following were detected utilizing two-dimen-
sional, M mode, and Doppler techniques: left ventricular
(LV) internal dimensions and ejection fraction using the
biplane Simpson’s method; left atrial diameter; tricuspid
annular plane systolic excursion (TAPSE); tissue Doppler-
derived right ventricular systolic excursion velocity S’; es-
timated pulmonary artery systolic pressure (EPASP); and
left ventricular diastolic function (mitral inflow E and A-
wave velocities, and e’ using TDI at the lateral and medial
mitral annuli. The average E/e ratio was computed auto-
matically.

B Echocardiography with speckle tracking

Acquiring images: To ensure that the endocardial border
could be seen clearly and without foreshortening, three
typical apical images were carefully taken. The frame rate
was set above 60 frames per second by appropriately ad-
justing the gain, depth, and sector width.

Analysis of images: Clips of four cardiac cycles of the
apical four chamber view, apical two chamber view, and
apical three chamber view were recorded and examined
either offline or during the study using the Cardiac Mo-
tion Quantification (CMQ) tool on the Q lab10 program
(Philips" ultrasonography). First, the end-systole was de-
fined using the aortic valve closure (AVC) in the apical
three-chamber view. Three locations at the end diastolic
frame were identified then to determine the region of
interest (ROI): two mitral annular points low and within
the myocardium at the level of mitral valve insertion,
and one apical point at the endocardial border of the
apex.

The program automatically tracked the internal (en-
docardial) and external (epicardial) borders during the
heart cycle. The operator manually modified the tracking
to ensure high-quality tracking. The longitudinal defor-
mation characteristics were automatically converted into
graphical and numerical displays for each segment from
each view. The same procedure was applied to the apical
4-chamber and apical 2-chamber views using the same se-
guence. The average strain from the three apical images
was automatically used to compute the LV global longi-
tudinal strain (GLS).

B Venous blood sampling

NT-proBNP plasma level was tested on presentation
using standard venepuncture techniques. Prior to cent-
rifugation, the collected material was left to coagulate
for 30 minutes. Blood serum was then isolated and sto-
red at —=70 °C until analysis. Serum levels of NT-proBNP
were measured using the enzyme-linked immunoassay
(ELISA) technique.

B Six-minute walk test

Participants received instructions to walk as far as they
could in six minutes on a 30-meter course, receiving stan-
dardized encouragement and rest periods as needed. The
maximum heart rate attained and the total distance wal-
ked in six minutes while at rest were recorded.
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B Quality of life questionnaires
Utilizing the Kansas City Cardiomyopathy Questionnaire,
quality of life was assessed.'®

B Exercise training program

Exercise group were subjected to pre-planned exercise
program, which consisted of supervised sessions in hos-
pital (the exercise training was held at the Cardiology
department of the tertiary care center) and home-based
sessions, where patients performed exercise at home.

Endurance aerobic exercise training in the form of
treadmill exercise (continuous or interval training) was
used for supervised session 2 to 3 times a week for a mini-
mum of 12 sessions with full compliance to transform to
a home based one and a total of 36 sessions for a fully
supervised program. While for home-based sessions; pa-
tients were advised to do certain exercises as marching
on the spot, sit to stand and shadow boxing . Patients
were given a booklet with illustrated figures of exercises
after explanation of the exercises in the clinic during the
supervised sessions and they were given a logbook for
writing the number and duration of sessions.

Intervals of training in order to enable the patient to
engage in extended training sessions, continuous train-
ing is often carried out at moderate exercise intensities
under steady-state aerobic energy yield circumstances.
Starting low and moving slowly is recommended for pa-
tients who are more deconditioned (i.e. at low intensity
for 5-10 min twice a week). At low or no workload, the
patient is instructed to alternate short (10-30 s) bursts of
moderate-high intensity (50-100% peak exercise capac-
ity) activity with a prolonged rest (80-60 s) phase. If well
tolerated, the time of each training session is raised ini-
tially, and then the number of sessions per day.

Each exercise training was preceded by a warmup pe-
riod and was followed by a cool down period each lasted
for 5-minutes.

By calculating the heart rate ratio method and tak-
ing a percentage of the maximum oxygen consumption
(VO,,.), which was measured during the 6MWT, the in-
tensity of exercise training was established {12.1(HR _+
HRresting)}'18

Patients were transitioned from a medically supervised
program to a home based one, after at least four weeks
of supervised sessions.

Patients were followed by intermittent supervised ses-
sions at least once per week and by regular phone calls
once weekly to enhance compliance and to inform them
about the next supervised session timing.

B Follow-up at the end of the study

After 3 months of enrollment, both groups were called
back for follow-up clinical data, 6MWT, NT pro BNP,
echocardiography and KCCQ-12.

Clinical events

Clinical events included hospitalization (defined as clini-
cal decompensation of previously stabilized HF judged to
indicate intravenous HF therapies), cardiovascular death,
and emergency room visits (defined as a constellation of
signs, symptoms, diagnostic testing, and HF-directed the-

rapy).

Primary outcomes

Change in six-minute walk test, NT pro-BNP levels, LV
global longitudinal strain and clinical follow-up including
blood pressure and heart rate after successful rehabilita-
tion period.

Secondary outcomes

- Change in the quality of life (using KCCQ-12) after su-
ccessful rehabilitation.

- Hospitalization and mortality within the study period.

- Compliance to scheduled visits and to anti-failure drugs.

- Need for muscle relaxants during the study period.

Statistical analysis

Statistical analysis was executed utilizing SPSS 26 edition.
Quantitative variables were expressed as mean and stan-
dard deviation. Comparing means among groups was
estimated utilizing independent samples Student t-test
whereas comparison between means at baseline and after
rehabilitation was done utilizing paired samples Student
t-test. Qualitative variables were presented as frequency
and percentages. Chi square/Fischer Exact test was used for
comparing qualitative variables in the 2 study groups. Ana-
lysis was carried out to estimate the predictability of GLS,
EF, KCCQ-12 and 6-minute walking distance for improve-
ment. A p-value <0.05 was deemed significant.

Results

The 107 heart failure patients in the study were split into
two groups: the exercise training group (n = 60) and the
control group (n = 47) (Fig. 1).

Baseline clinical and echocardiographic data

The baseline demographic data showed male predomi-
nance in both groups with older age in the control group.
The heart failure duration was longer in the control
group, ischemic cardiomyopathy was comparable in both
groups, and PCl was the most common procedure in both
groups (Table 1).

Patients allocated to the exercise group walked a sta-
tistically greater baseline distance than those in the con-
trol group. Even so, as listed in Table 1, there were insig-
nificant differences across the two groups in the KCCQ-12
questionnaire, resting or maximum heart rate attained
during the test, or VO

2max”

Total population (n = 107)

Exercise group
(n = 60)

Control group
(n = 47)

Non-compliant (n = 6)
Hospitalization (n = 1)
Mortality (n = 3)

Non-compliant (n = 5)
Hospitalization (n = 5)
Mortality (n = 5)

Completed 90 days follow-up
(n =50)

Completed 90 days follow-up
(n=33)

Fig. 1 - Flow diagram showing inclusion of patients



O. El Tahan et al.

605

Table 1 - Baseline clinical and laboratory assessment

Exercise group Control group p-value
N =60 N =47
No. (%) No. (%)
Age, years (mean = SD) 50.8 £ 10.5 57.0+11.0 0.003
Sex, male 52 (86.5) 38 (81) 0.414
Diabetes 20 (33.3) 22 (47) 0.157
Hypertension 16 (26.5) 19 (40.5) 0.132
Smoking 29(48) 25 (53) 0.618
Dyslipidaemia 1(1.7) 4 (8.5) 0.096
Coronary artery disease 34 (56.5) 32 (68) 0.228
DCM 25 (41.7) 15 (32) 0.301
ICM 35 (58.3) 32 (68) 0.30
LBBB morphology 9 (15) 7 (15) 0.605
PCl 29 (48.3) 29 (61.7) 0.168
CABG 2(3.3) 0 (0) 0.206
Mean = SD Mean = SD

Systolic BP 112+ 20 113.5+18.5 0.70
Diastolic BP 71+£125 704+ 114 0.79
Heart rate 80.5+ 15.5 82.7 +13.2 0.426
Weight (kg) 79.7 +15.2 78313 0.62
6MWT

Distance (m) 304 + 75.0 265 + 40.0 0.001
Resting heart rate 82.1+159 823+ 135 0.957
Max. heart rate 100.8 + 18 100 + 16 0.840
SO, (%) 97.2+1.5 96.8 £ 1.2 0.126
Rests (N, %) 31(51.7) 33 (70) 0.134
VO, (ml/kg/min) 15+ 1.6 147£15 0.380
KCCQ-12 score 55+ 10.5 52.5+8.0 0.166
NT Pro-BNP (pg/ml) 5574.9 + 5468.6 3880.7 + 4485.5 0.091

CABG - coronary artery bypass graft; DCM - dilated cardiomyopathy; ICM - ischemic cardiomyopathy; KCCQ-12 - Kansas City Cardiomyo-
pathy Questionnaire; NT-proBNP — N-terminal pro-B-type natriuretic peptide; PCl - percutaneous coronary intervention, SO, - oxygen
saturation ,VO, - maximal oxygen consumption; 6MWT - six-minute walk test.

Both groups showed comparable baseline echocardio-
graphic results except for the GLS which was better in pa-
tients assigned to the exercise group (Table 2).

Exercise training

Among the exercise group 58 patients (96.7%) under-
went continuous exercise training while the rest under-
went high intensity interval training.

Regarding the frequency of the exercise 66.7% of the
exercise group with lower functional capacity trained
two times per week while the rest trained three times per
week as shown in Table 3.

The starting exercise duration was 7 minutes with
a workload of 10.5 watts with a maximum exercise dura-
tion reaching 16.6 minutes with a maximum workload of
51.5 watts.

The adherence to the exercise training program was
83.7%.

Follow-up clinical and echocardiographic data

Clinical data, comprising blood pressure, heart rate, and wei-
ght, did not significantly vary between the two groups at
the follow-up. Nevertheless, the exercise group’s 6MWT was
significantly longer than the control groups, with fewer rests
during the test and a higher VO, __, as indicated in Table 4.

Regarding the symptoms we used the KCCQ-12 as that
contains four subdomains: Physical limitation, Symptom
frequency, Quality of life, and Social limitations which in-
clude fatigue, shortness of breath and edema as a marker
for symptom improvement and it shows a significant im-
provement in these symptoms in the exercise group com-
pared to the control one..

Also, we can see that quality-of-life parameters ‘feelings
of being disabled and self-assessment of general well-be-
ing’ were positively affected by the exercise training.

Moreover, the follow-up NT-proBNP results indicated
insignificant differences.
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Table 2 - Baseline echocardiographic data

Exercise group Control group p-value
Mean + SD Mean = SD

LVEDD (mm) 56.5+ 8.0 56 +7.0 0.678
LVESD (mm) 476 +9.0 46+7.4 0.293
EDV (ml) 174.6 +52.3 170.6 + 44.8 0.677
ESV (ml) 117.2 + 48.5 115.4 +39.3 0.829
Ejection fraction (%) 342+9.0 325+8.6 0.331
E/A ratio 1.6+1.0 1.5+£1.0 0.706
E/e’ medial 15.1+£6.5 145+ 6.7 0.591
E/e’ lateral 10.0 £4.0 10.2+45 0.836
E/e’ 12.55+5.2 12.35+5.6 0.71
TAPSE (mm) 184 +44 16.8 +4.2 0.068
S-wave velocity of tricuspid annulus (cm/s) 11.1+£26 10.1+2.8 0.078
EPASP (mmHg) 29+ 15 32+16 0.332
Moderate mitral regurgitation (No. %) 12 (20) 15 (31.9) e
Severe mitral regurgitation (No. %) 8(13.3) 5(10.6)

GLS (%) -11.2+3.8 -9.4+4.0 0.017

EDV - end-diastolic volume; EPASP - estimated pulmonary artery systolic pressure; ESV — end-systolic volume; GLS - global longitudinal
strain; LVEDD - left ventricular end-diastolic diameter; LVESD - left ventricular end systolic diameter; TAPSE - tricuspid annular plane

systolic excursion.

Table 3 - Details of exercise training program

Exercise training Exercise group

N =60

No. (%)
Type
Continuous training 58 (96.7)
High intensity interval training 2(3.3)
Frequency
Twice/week 40 (66.7)
Three times/week 20 (33.3)
Duration
Starting duration (mins) 7.0+24
Maximum duration (mins) 16.5+4.3
Workload
Starting workload (watts) 10.5 £ 1.1
Maximum workload (watts) 51.5+33.9
Adherence (%) 83.7+12.2

At the follow-up, the exercise group’s global longitu-
dinal strain and ejection fraction were greater than those
of the control group (Table 5).

Clinical events

The exercise group had a decreased rate of hospitaliza-
tion compared to control group (n =1, 1.7% vs n = 5,
10.6%, p = 0.045). Also, the exercise group had a nume-

rically decreased rate of mortality and ER visits as compa-
red to control group as shown in Table 6.

The exercise group had lower rate of hospitalization (n
=1,17%vsn=5,10.6%, p = 0.045).

The only hospitalized patient in the exercise group was
a fifty-seven-year-old male with ICM with acute decom-
pensated heart failure after 8 weeks of exercise training.
This patient was non-compliant to his medications for
a week prior to hospitalization, and he stopped his exer-
cise training after being discharged.

Whereas the hospitalized participants in the control
group all were admitted with acute decompensation; one
of them the precipitating factor was cellulitis and was ad-
mitted at the Cardiology ward after three follow-up visits
over six weeks. In another patient the precipitating factor
was chest infection and was enrolled to the CCU after 4
follow-up visits over 2 months.

Of the three patients that remained, two got admitted
to the hospital with acute decompensated HF mainly with
manifestations of right-sided heart failure at the Cardiol-
ogy ward after 4 and 6 weeks of follow-up respectively,
while the last patient was admitted with biventricular
failure after 2 follow-up visits over 1 month.

Moreover, the exercise group had lesser rate of mortal-
ity and ER visits as opposed to the control group but none
of them were significant.

Regarding the mortality in the exercise group the first
patient was a fifty-three-year-old male patient with DCM
who was admitted to the CCU with cardiogenic shock that
was irreversible despite inotropic support and vasopressors
and arrested after 2 days from admission. He was on his 9th
week of the exercise training program, and he was compli-
ant on it and was on loop diuretics, ACE-I, BB and MRAs and
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Table 4 - Follow-up clinical, 6MWT, KCCQ-12 and laboratory data
Exercise group

Control group

Mean = SD Mean = SD p-value
Systolic BP (mmHg) 116.4 + 18.4 116.8 +22.8 0.928
Diastolic BP (mmHg) 71.9 £ 12 72.8 £ 12 0.751
Heart rate 735+ 129 79.2+143 0.061
Weight (Kg) 77.6 £ 15 79.1£12.6 0.650
6MWT
Distance (m) 420.4 = 102 260 + 55.8 <0.001
Resting heart rate 73.4+12.8 79.2£143 0.06
Max heart rate 101.2 +18.2 96.1+ 17 0.211
Rests 5(8.3) 15 (32) <0.001
VO, (ml/kg/min) 16.8+2.4 147+13 <0.001
KCCQ-12 score 61.7 £ 10.1 53.1+8.3 <0.001
NT-proBNP (pg/ml) 4330 + 4418.7 4156 + 6348.4 0.883

KCCQ-12- Kansas City Cardiomyopathy Questionnaire; NT-proBNP — N-terminal pro-B-type natriuretic peptide;VO
consumption; 6MWT - six-minute walk test.

- maximal oxygen

2max

Table 5 - Follow-up echocardiography

Exercise group Control group

Mean = SD Mean + SD p-value

LVEDD (mm) 541+7.4 55.1x£7.2 0.596
LVESD (mm) 434+ 8.8 446 7.7 0.540
EDV (ml) 162 + 58 164.6 + 44.9 0.847
ESV (ml) 102.4 + 50 111.1 £ 37.5 0.417
Ejection fraction (%) 37.8+10 33.1+9.0 0.040
E/A 1.4+09 1.26 + 0.62 0.417
E/E’ medial 129+6.5 144 +6.1 0.335
E/E’ lateral 10.6 = 15.5 9.8+45 0.784
E/e’ 11.75+11.0 12.1+£5.3 0.559
TAPSE (mm) 19.5+4.6 17.5+43 0.057
S’ velocity (cm/s) 11.7+£2.8 104+ 2.6 0.057
EPASP (mmHg) 27 £15 345+ 18.6 0.060
Moderate mitral regurgitation (N, %) 5 10 e
Severe mitral regurgitation (N, %) 7 3

GLS (%) -125+4 -9.7+4.2 0.005

EDV - end-diastolic volume; EPASP — estimated pulmonary artery systolic pressure; ESV — end-systolic volume; GLS - global longitudinal
strain; LVEDD - left ventricular end-diastolic diameter; LVESD - left ventricular end-systolic diameter; TAPSE - tricuspid annular plane
systolic excursion.

of LBBB morphology and had depression. The other patient
was forty-five years old and entered the hospital with car-
diogenic shock, and he had history of previous admission
with cardiogenic shock 6 months prior to mortality. He was
on his 4th week of the exercise training program.

Whereas the third patient was forty-five-year-old male
patient presented with ICM, and it was because of sud-
den cardiac death after 3 weeks of the exercise training
at home.

In the control group, two patients were admitted
and died in other hospitals, the first one was a 60-year-
old male who was admitted with acute decompensated
heart failure precipitated by cellulitis and worsening of
renal function (his baseline creatinine was 1.7 mg/dl) and
was on loop and thiazide diuretics. He was not taking his
beta-blockers due to borderline blood pressure. The sec-
ond patient was a seventy-year-old female patient who
entered the hospital with acute decompensated heart
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Table 6 - Clinical events during the follow up period

Exercise group

Control group

N = 60 Nz a7 P value
No. (%) No. (%)
Hospitalization 1(1.7) 5(10.6) 0.045
Emergency department visits 10 (16.7) 13 (27.7) 0.170
Mortality 3(5) 5(10.6) 0.271

Table 7 - Paired comparison in exercise and control group

Exercise group

Baseline Follow-up

Mean = SD Mean = SD
Systolic BP (mmHg) 114 £ 20.5 116.4 +18.4
Diastolic BP (mmHg) 717 +12.5 72 +11.9
Heart rate 79.5+15.8 73.5+12.6
Weight (Kg) 79.7£15.2 77.6 £ 15
6MWT
Distance (m) 312+ 75 420 + 102
Resting heart rate 81.6 + 16.6 73.5+12.8
Max. heart rate 100.3 £ 19 101.3+18.2
Rests 31 (51.7) 5.0 (8.3)
Vo, (ml/kg/min) 150+ 1.6 16.8+ 2.4
KCCQ-12 score 55.4 +10.5 61.7 + 10.1
NT pro-BNP (pg/ml) 6140.7 + 6858.5 4330 + 4418.7
LVEDD (mm) 55.96 + 7.7 55.1+7.2
LVESD (mm) 453 + 8.1 446 +7.7
EDV (ml) 164.9 +42.8 162.1 + 58
ESV (ml) 1141 +49.4 102 + 50.6
EF (%) 35.2+9.1 37.8+ 10
Left atrial diameter (mm) 40.6 +7.8 415+5.1
E/A 1.5+£1.0 1.4+09
E/E’ medial 14.4+6.7 12.9+6.5
E/E’ lateral 9.3+3.9 10.6+15.5
E/e’ 11.85+5.3 11.75+£11.0
TAPSE (mm) 18.7+4.2 19.5+4.6
S’ velocity (cm/s) 11.5+£2.6 11.7+2.8
GLS (%) -11.9+3.6 -12.5+3.9

Exercise group

Control group
Baseline

Control group
Follow-up

p-value p-value
Mean £ SD Mean = SD
0.312 113 +£183 116.8 £ 22.7 0.235
0.871 706+ 11.4 72.8+12.0 0.263
0.005 81.2+14.2 79.2+14.2 0.334
0.035 79.0 £ 13.0 79.1+12.6 0.883
<0.001 267.5+40.4 260 +55.8 0.202
<0.001 81.2+14.2 79.2+14.2 0.334
0.672 100 + 15.8 96.2 £ 17.0 0.075
<0.001 14.9 +1.6 14.7£1.3 0.239
<0.001 54272 53.1+83 0.039
0.054 3887.9 + 3712.7 4156.0 + 6348.4 0.835
0.007 55.3+7.7 55.1+7.4 0.757
<0.001 46.9 + 8.7 43.4+8.7 0.207
0.026 164.9 + 42.8 164.6 + 44.8 0.949
0.003 107.6 £ 33.5 111.1£375 0.432
<0.001 342+83 33.1+8.9 0.180
0.264 434 +5.2 419+88 0.286
0.351 1.3+0.8 1.2+0.6 0.534
0.053 148+74 14.4 + 6.1 0.593
0.551 10.1+ 4.6 9.8+45 0.648
0.302 12.45 +£6.0 12.1 £ 5.30.6205 0.620
0.103 173 +4.1 174+43 0.758
0.620 10.5+2.7 104 2.7 0.833
0.052 -9.8+38 9.7 4.1 0.892

EDV - end-diastolic volume; EPASP - estimated pulmonary artery systolic pressure; ESV - end-systolic volume; GLS - global longitudinal
strain; KCCQ-12 - Kansas City Cardiomyopathy Questionnaire; LVEDD - left ventricular end-diastolic diameter; LVESD - left ventricular end-
-systolic diameter; NT-proBNP — N-terminal pro-B-type natriuretic peptide; TAPSE - tricuspid annular plane systolic excursion;

VO, .. — maximal oxygen consumption; 6MWT - six-minute walk test.

failure while she was on full guideline directed medical
therapy. She had a history of mastectomy 20 years ago
with completed chemotherapy sessions.

Two other patients had sudden cardiac death at their
homes after one month of follow-up while another one
had sudden cardiac death at home after two months of
follow-up.

The ER visits were all due to volume overload symp-
toms.

Paired comparison in exercise and control group
When comparing baseline to follow-up data of the exer-
cise group there was significant enhancement in 6MWT,

VO, . NT-proBNP levels, lower heart rate, reduction in
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-2

NT-proBNP EF

VO KCCQ GLS

2max

B Control group -0.27 -1.2

-0.2 -1.1 -0.05

M Exercise group 1.5 2.7

1.7 6.2 0.6

Fig. 2 - Differences between baseline and follow-up data in both groups.

LV end-diastolic and end-systolic volumes. and improve-
ment of ejection fraction as shown in Table 7.

The exercise group indicated an enhancement in the
distance walked during 6MWT (the distance was raised
by a mean of 108 meters after 3 months), VO, _, KCCQ-12
questionnaire score, ejection fraction and GLS.

Whereas the control group after three months of fol-
low-up did not indicate any significant difference in the
clinical and 6MWT data.

The patients showed lower score in KCCQ-12 at the
follow-up which was statistically significant.

At follow-up, there was insignificant change in the NT
pro-BNP level.

According to Table 7, the echocardiographic data re-
vealed no significant variations in the global longitudinal
strain, LV, or RV function.

Differences between baseline and follow-up data
in both groups

The exercise group revealed an improvement in the di-
stance walked during 6MWT (+108 meters), VO, max,
KCCQ-12 questionnaire score ejection fraction and GLS
that were all significant without a significant increase in
the levels of NT pro BNP (Fig. 2).

Whereas the control group indicated a decline in the
distance walked during 6MWT, VO, max, KCCQ-12 ques-
tionnaire score ejection fraction, GLS and NT-proBNP
levels.

Discussion

About 1% to 2% of adults suffer from HF, a complicated
syndrome that consists of several signs and comorbidities
in addition to the cardinal symptoms.! HF is still a major
public health issue.?As people age, the frequency of HF
tends to rise,®> which lowers patients’ quality of life* and
increases the financial burden on both individuals and
the public health system.>

Even though evidence-based medication and de-
vice therapies have been successful in lowering mortal-
ity, length of stay and heart failure symptoms whereas
also enhancing quality of life, many patients still suffer
from dyspnea and fatigue, decreased exercise tolerance,
a lower quality of life, repeated length of stay, and early
mortality.5”

This randomized control study was designed for esti-
mating the short-term consequences of exercise training
in those suffering from compensated chronic HF during
the period from May 2022 to June 2023.

The study encompassed 107 participants who were cat-
egorized into 2 groups:

- Control group which encompassed participants who re-
ceived the standard care of a heart failure

- Exercise training group which encompassed patients
who received the standard heart failure care in addi-
tion to a scheduled exercise program. Patients in both
groups were followed up after 3 months for changes in
symptoms, laboratory, and echocardiographic data.

In accordance with our study, the exercise group sig-
nificantly improved their functional ability by increas-
ing their 6MWT distance, VO, _, and quality of life by
8 points on the KCCQ-12 in comparison with the control
group.

Additionally, in comparison with the control group,
the exercise group experienced a significant improve-
ment in the ejection fraction and fewer hospitalizations.

6MWT, VO, ., NT-proBNP levels, heart rate, LV vol-
umes, and ejection fraction all significantly improved
when comparing baseline and follow-up data for the ex-
ercise group.

Impact of exercise training on functional capacity

In our study the distance covered during the follow-up
6MWT by the exercise group was significantly longer
than that of the control group that was in concordance
with HF-ACTION trial' that proved a great enhancement
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in the 6-minute walk test distance (P<0.001). Similarly,
ELVD-CHF study,? Jonsdéttir S et al.2’ and Norman JF et
al.? studies showed improvement in 6MWT with exercise.

Yet, EXERT study®showed no differences between the
exercise and the control groups at either 3 m (p = 0.36) or
12 m (p = 0.81) follow-up.

The exercise group’s greater 6MWT distance in com-
parison to the control group shows that the patients’
exercise capacity has improved Spertus et al.?* and Ingle
et al.® who revealed that a rise of 55 and 54 meters, re-
spectively, were linked to a significant enhancement in
clinical status and quality of life of individuals with HF.

Moreover, 6MWD is also known to be a well-estab-
lished independent predictor of clinical outcomes in HF,
with increases in such magnitude associated with favour-
able reductions in nonfatal cardiovascular events, heart
failure hospitalisations, and cardiovascular death.??’

In our study the exercise group showed an improve-
ment in the VO, _ compared to the control group, the
VO, _ was measured using heart rate equation method
through the minimum and maximum heart rate during
the 6MWT.

Most of the studies measure the VO, _ using cardio-
pulmonary exercise testing (CPET) but unfortunately it
was not available at our institute.

Voutilainen A et al.?® reported that 6MWT as a comple-
ment to spirometry to determine the 6MWT reliability in
assessing maximum aerobic capacity comparing it with
the VO, . measured by the cardiopulmonary exercise
test.

Our study was in concordance with HF ACTION, CROSS-
HF?* meta-analysis, Edwards JJ et al.*° and Gristina T et
al.3" which showed statistically significant increase in peak
VO, inthe exercise group compared to control group.

This showed the effect of improved exercise capacity with
exercise training in patients with heart failure; improvement
in functional capacity after exercise training seems related
for the most part to peripheral adaptation.3233

Impact of exercise training on quality of life

Our study’s follow-up quality of life assessment revealed
that the exercise group outperformed the control group
by 8 points on the KCCQ-12.

We decided to use KCCQ-12 that contains four subdo-
mains: Physical limitation, Symptom frequency, Quality of
life, and Social limitations.

Also, we can see that quality-of-life parameters ‘feel-
ings of being disabled and self-assessment of general
well-being’ were positively affected by the exercise
training.

Our study was in concordance with Belardinelli et al.>*
who stated that only trained patients saw a significant
enhancement in their quality-of-life questionnaire score
after two months.

Also, Dattilo G et al.?> demonstrated that anti-failure
drugs as sacubitril/valsartan therapy improves significant-
ly quality of life, physical effort resistance, BNP and NT-
proBNP and NYHA functional class in patients with HFrEF.

Impact of exercise training on biomarkers
Our study’s follow-up of NT-proBNP revealed insignifi-
cant differences between the two groups.

In concordance with Ahmad T et al.,*® who assessed
NT-proBNP at baseline and after three months later in
a cohort of 928 subjects from the HF-ACTION trial™ and
found that at three months, the NT-proBNP levels of the
exercise training and usual care groups did not change
statistically significantly (p = 0.59).

Moreover, Nilsson BB et al.,>” Arad et al.3® and Prescott
et al.* indicated no significant change in the NT-proBNP
levels in both groups.

On the other hand, Pearson MJ et al.*> meta-analysis
explained a statistically significant enhancement in NT-
proBNP (p = 0.006).

Our explanation that the biomarker measurements
were made after 3 months of structured exercise training,
and there is a possibility that changes in levels might have
been noted after a longer exercise period.

The use of biomarkers in clinical trials are made for
many reasons as an establishment of inclusion criteria, ex-
plaining therapeutic efficacy and as a target for therapy
and predict adverse outcomes.

Different biomarkers may provide further insight into
the downstream molecular mechanisms associated with
improvements from exercise training. It could be possible
that different biomarker profiles respond differently to
different intervention characteristics, such as intensity,
perhaps allowing further tailoring of the exercise to the
individual. Furthermore, biomarkers, with their prognos-
tic utility, may provide useful postintervention informa-
tion, indicating improvements when other favourable
outcomes may be absent.

The follow-up NT-proBNP in our investigation revealed
insignificant difference across both groups.

Impact of exercise training

on echocardiographic parameters

Comparing the control group, the exercise group-s glo-
bal longitudinal strain and ejection fraction improved,
according to our study’s follow-up echocardiographic
data. This is the first study that we are aware of those
measures and evaluates changes in GLS in patients with
heart failure who received exercise training.

Our study was in concordance with ELVD-CHF study,®* Me-
hani et al.,*’ and Hambrecht et al.*> which showed improve-
ment of ejection fraction in the exercise group compared to
the control group. Additionally, endurance training increased
LVEF from 30 + 8 to 35 + 9% after 6 months of training, which
is consistent with the LEICA trial,” which utilized both inva-
sive and non-invasive assessments of LV systolic function and
demonstrated that endurance training improved LVEF after
6 months of training from 30 + 8 to 35 + 9%.

Edward JJ et al.3® demonstrated the effect of exercise
training in both HFrEF abd HFpEF and showed that there
is a significant improvement of exercise capacity and
quality of life in both HFpEF and HFrEF patients. In HFpEF
patients, ET significantly improved an important index of
diastolic function, with significant improvements in LVEF
and NT-proBNP/BNP seen in HFrEF patients only

In contrast EXERT study?* and Dubach et al.** showed
no variation in the ejection fraction between the exercise
and control groups.

We can explain the improvement of the ejection frac-
tion in the exercise group due to decrease in LV diameters
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which causes a reduction in the left ventricular volumes
and hence improvement of ejection fraction

Also exercise training leads to a partial correction of
peripheral endothelial dysfunction in patients with HF.454¢

Given that vascular tone of peripheral arteries is com-
ponent of afterload. So, it can be assumed that the reduc-
tion in cardiac size and improvement in LV performance is
at least partially the result of an exercise training-induced
decline in afterload.

Moreover, exercise training is known to enhance phos-
phorylation of the survival kinase AKT at serine 477,
which is associated with an augmentation in cardiac con-
tractility.*#8

Also, Correale M et al.** demonstrated the anti-remod-
elling effects of anti-failure medications such as beta-
blockers and angiotensin receptor neprilysin inhibitor
which inhibit cardiac remodelling and improve echocar-
diographic parameters

Askin L et al.>® showed the benefits of sacubitril/valsar-
tan on patients with low ejection fraction regarding car-
diac remodelling and improvement of cardiac function.

Impact of exercise training on clinical events

In our study the exercise group had a significantly lower
hospitalization rate, and a non-significant lower rate of
mortality and ER visits in comparison to the control group.

This was in concordance with ExTraMATCH,”' meta-
analysis that revealed a significant drop in length of stay
for the exercise group without a significant difference in
mortality

In the HF-ACTION? trial, reductions in the primary
endpoint of all-cause hospitalization or mortality were
not statistically significant. Nonetheless, supplementary
analyses that accounted for prognostic factors revealed
a significant treatment impact for the primary endpoint
and for reducing cardiovascular mortality and hospital-
izations (p = 0.03).

Edwards JJ et al.,** CROSS-HF>> and EXERT @ study
which showed no significant difference in incidence of all-
cause mortality, all-cause hospitalisation or all composite
endpoints between the exercise and control groups.

Limitations

This is a single-centre study, with exercise training done
only using a treadmill with no other equipment such as
cycle ergometer or arm ergometer. VO, _ was measured
utilizing the heart rate equation method not the cardio-
pulmonary exercise testing. They only utilized echocar-
diography for assessing the LV systolic function. Even so,
as the gold standard magnetic resonance imaging can es-
timate the volumes and the ejection fraction more accu-
rately, yet because of the extra cost and inconvenience to
some patients, the test was not performed.

Conclusion

Regular exercise training in systolic heart failure patients
is proven to be safe and was shown to be associated with
improved in the 6MWT distance and the VO, __.

Furthermore, exercise training is linked to improved
GLS, ejection fraction, and quality of life in those who suf-
fer from heart failure. Hospitalization rates were lower for
patients who participated in the exercise program than for
the control group, but other adverse events like mortality
and emergency room visits were similar for both groups.
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Kontext: Kardiovaskuldrni onemocnéni jsou celosvétové hlavni pficinou mortality. Akutni koronarni syn-
drom (AKS) je multifaktorialni onemocnéni, které je vysledkem interakce mezi environmentdalnimi a gene-
tickymi faktory. Polymorfismus I/D genu pro ACE byl jiz zminén v souvislosti s rizikem rozvoje AKS. Cilem
nasi studie pfipadl a kontrol byl zhodnotit zkoumat moznou souvislost mezi polymorfismem inzerce/delece
(/D) genu pro angiotenzin konvertujici enzym (ACE) a infarktem myokardu s elevacemi tUseku ST (STEMI) ve
vzorku pacientd ze zapadniho Alzirska.
Metody: Provedli jsme studii pfipadl a kontrol zahrnujici 169 jedinc(, zdravych osob a 99 pacientt po STEMI.
ACE I/D polymorfismus byl zjistovan metodou polymerazové ietézové reakce se specifickymi primery.
Vysledky: Prevalence genotypt DD, ID a Il v nasi skupiné pacientt byla 48,48 %, 43,43 % a 8,08 % ve srov-
nanis 2,85 %, resp. 35,75 % a 61,42 % v kontrolni skupiné. Tyto vysledky prokazaly, Ze frekvence genotypu
DD a alely D je statisticky vyznamné vyssi v pfipadech s AKS nez u kontrol (32 = 67,63; p = 0,0001) (p < 0,05;
OR =9,03; 95% (I 5,41-15,01). Rovnéz jsme nezjistili Zddnou statisticky vyznamnou souvislost mezi ACE I/D
polymorfismem a tradi¢nimi rizikovym faktory spojenymi se STEMI, jako jsou vék, pohlavi, diabetes, hyper-
tenze a koureni.
Zavér: Zavérem lze konstatovat, Ze uvedené vysledky naznacuji statisticky vyznamnou souvislost mezi I/D
polymorfismem genu pro ACE a rizikem rozvoje AKS ve zkoumaném vzorku.

© 2025, CKS.

ABSTRACT

Background: Cardiovascular diseases are the leading cause of mortality worldwide. Acute coronary syndro-
me (ACS) is a multifactorial disease resulting from the interaction of environmental and genetic factors. The
I/D polymorphism of the ACE gene has been associated with the risk of developing acute coronary syndrome
(ACS). Our case-control study aimed to access the potential association of insertion/deletion (/D) ACE (an-
giotensin converting enzyme) gene polymorphism and ST segment elevation myocardial infarction (STEMI)
among a sample of Algerian patients from Western Algeria.

Methods: We conducted a case-control study comprising 169 individuals including 70 healthy subjects and
99 STEMI patients. ACE I/D polymorphism was detected by polymerase chain reaction with specific primers.
Results: The prevalence of DD, ID, and Il genotypes in our patients group were 48.48%, 43.43%, and
8.08%respectively vs 2.85%, 35.75% and 61.42% in the control group. These results showed that the fre-
quency of the DD genotype and the D allele was significantly higher in cases with ACS compared to controls
(x2=167.63; P=0.0001) (P < 0.05, OR =9.03, 95% Cl: 5.41-15.01). We also noticed that there was no significant
association between ACE I/D polymorphisms and STEMI-relevant traditional risk factors like age, gender,
diabetes mellitus, hypertension, smoking.

Conclusion: In conclusion, these results suggest a statistically significant association between the I/D poly-
morphism of the ACE gene and the risk of developing ACS in the studied sample.
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Introduction

Acute myocardial infarction (AMI) remains a major
cause of morbidity and mortality worldwide and in
Algeria specifically.? The ST segment elevation myo-
cardial infarction (STEMI) is one of the most severe
types of acute AMI. It primarily occurs due to the rup-
ture of atherosclerotic plaques. The pathogenesis of
MI involves a complex interplay between genetic and
environmental factors with an estimated heritability
ranging from 50 to 60%.' Among the genetic factors,
the angiotensin-converting enzyme (ACE) gene has at-
tracted considerable attention due to its role in the
renin-angiotensin-aldosterone system (RAAS) and its
involvement in cardiovascular diseases.

The renin-angiotensin-aldosterone system (RAAS) is
a crucial regulator of blood pressure and exerts a sig-
nificant influence on the development and progres-
sion of coronary artery disease (CAD). Serving as one
of the primary regulatory systems in cardiovascular
physiology, the RAAS plays a pivotal role in various
aspects, including cardiovascular remodeling, mainte-
nance of vascular tone, and sodium homeostasis.?

Different studies have suggested that polymor-
phisms occurring in the components of RAAS play
a crucial role in the development and progression of
coronary artery disease (CAD) in certain individuals.*
Among these components, the angiotensin-convert-
ing enzyme (ACE) has garnered significant attention,
leading to frequent investigations into the potential
association between ACE insertion/deletion (I/D) poly-
morphisms and cardiovascular disease like hyperten-
sion® and CAD.%’

The ACE gene, located on chromosome 1723, en-
codes the angiotensin-converting enzyme responsible
for the conversion of angiotensin | to angiotensin II.
This enzyme is also involved in the inactivation of bra-
dykinin, a vasodilator peptide. The ACE gene contains
a common insertion/deletion (I/D) polymorphism in in-
tron 16, characterized by the presence or absence of
a 287 base pair Alu repeat sequence. The D allele is
associated with higher ACE activity and increased lev-
els of angiotensin Il, which promotes vasoconstriction,
inflammation, oxidative stress, and vascular remodel-
ing.® Angiotensin Il is also known to be an essential
regulator of proliferation, migration, and hypertro-
phy of vascular smooth muscle cells, increasing thus
its association with CAD and Ml risk of occurrence.®

The association between the ACE I/D polymorphism
and the risk of Ml has been extensively investigated
in various populations. Indeed, it was reported in
many studies that the DD genotype is associated with
various cardiovascular diseases, including myocardial
infarction.’®" However, results from other associa-
tion studies between ACE I/D polymorphism and Ml
revealed conflicting results'"'2'* and did not consider
the relationship between the ACE I/D polymorphism
and MI.

Thus, we aim in this study to investigate the asso-
ciation between the ACE I/D polymorphism and the
risk of Ml in Algerian patients from the city of Oran.

Methods

Population study

We have enrolled a case-control study from 2021 until
2022 where we have included 169 Algerian subjects. All
the implicated subjects have already given their written
consent to participate in this study which was conducted
according to the declaration of Helsinki Principles and
approved by the local ethics committee.

The study covered all the files of patients hospitalized
for ACS with ST segment elevation myocardial infarction
(STEMI) at the Cardiology Service of the University Hospital
Center of the Oran city. We included all patients of both
sexes and of all ages in the study. We excluded all incom-
plete records or patients who presented with traumatic or
non-ischemic chest pain from this study. Data is collected
using pre-established forms. All patients had undergone
an electrocardiogram (ECG), a cardiac ultrasound and
a biological assessment (blood count, creatinine, glycemia,
troponin, cholesterol, triglyceride, prothrombin level, acti-
vated partial thromboplastin time). The control group was
selected from healthy blood donors.

Diagnosis of STEMI

The diagnosis of ACS was done according to the American
College of Cardiology/ American Heart Association (ACC/
AHA) definitions.' "¢ We classified ACS patients according
to the electrocardiographic results as having ST-segment
elevations in the case of the presence of clinical symptoms
of myocardial infarction lasting =30 min with ECG changes
of either ST elevation of at least 0.1 mv in two contigu-
ous precordial leads or two limb leads, or the presence of
a new left bundle branch block (LBBB). Moreover, tropo-
nin | levels and the myocardial band (MB) fraction of total
creatinine phosphokinase (CPK) were measured in order to
confirm myocardial cell death. We excluded from this stu-
dy all incomplete records or patients who presented with
traumatic or non-ischemic chest pain.

Risk factors assessment

We used a standardized questionnaire to record data as
socio-demographic characteristics. Risk factors of each pa-
tient were identified. The identification of dyslipidemia
was based on whether patient is taking lipid lowering
drugs or biochemically indicated by total cholesterol > 240
mg/dL, triglycerides >150 mg/dL, low density lipoproteins
(LDL) >130 mg/dL and high-density lipoproteins (HDL)
<50 mg/dL, <40 mg/dL for females and males respecti-
vely. Diabetes mellitus was defined as either the pati-
ent is under medication or presenting clinical symptoms
and having plasma glucose concentration >200 mg/dL
(11.1 mmol/l) or fasting blood sugar >126 mg/dL (7.0 mmol/L)].
Hypertension was also defined as having systolic blood
pressure 2140 mmHg and/or diastolic blood pressure
>90 mmHg and/or being on antihypertensive treatment.
Moreover, other risk factors like smoking and hormonal
status for women were assessed.
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Fig. 1 - Representative gel picture of ACE I/D polymorphism in 2%
agarose gel.

Genotyping methods

Genomic DNA was extracted using five milliliters of blood
samples using Salting-out method as previously described
by Miller et al."” and quantified following spectrophoto-
metric analysis. We used polymerase chain reaction (PCR)
to genotype DNA samples for the I/D ACE polymorphi-
sm, as previously described Chou et al.”® using primers
flanking the polymorphic region of intron 16 with the
following primer sequences: 5° TGGAGACCACTCCCAT-
CCTTTCT-3' and 5'-CAGGTCTTCATATTTCCGATGTGG-3'.
Reactions were carried out in 25-pL volumes containing
50 ng of genomic DNA, 0,4 uM of each primer, 200 mM
dNTP, 1X Taq polymerase buffer and 1U Taq DNA poly-
merase (Wiragen, Algeria). The cycling conditions for I/D
were set as follows: an initial denaturation at 94 °C for
4 minutes, 35 cycles at 94 °C for 30 seconds, 58 °C for 30
seconds, and 72 °C for 60 seconds, and a final extension
at 72 °C for 10 minutes. Electrophoresis of the amplified
products in 2% agarose gel allowed detection of a 495-
base pair (bp) fragment (insertion) and a 208-bp frag-
ment (deletion) (Fig. 1).

Statistical analysis

Data analysis was done with the help of an (SPSS Inc., Chi-
cago, lllinois, USA) version 26.0. Clinical characteristics of
all the subjects are expressed as means + SD. Descriptive
statistics were used to analyze all studied variables such
as the socio-demographic characteristics, anthropometric
measurements, biological parameters. A two-tailed Stu-
dent’s t-test was used to compare continuous variables

between the two groups. Allele frequencies were calcula-
ted from genotype frequencies and they were compared
between the two groups using chi-squared (y?) statistics.
Odds ratio (OR) were calculated to estimate the associa-
tion between genotypes and Ml risk with a confidence
interval (Cl) of 95%. Hardy-Weinberg's equilibrium was
checked by a y2test. P-value <0.05 was considered statis-
tically significant.

Results

Allelic and genotypic distribution of I/D ACE gene
polymorphism in cases and controls

Table 1 presents the distribution of alleles and genotypes
of the ACE I/D polymorphism among cases and controls.
Among cases, the frequencies of the ACE genotypes Il, ID,
and DD were 8.08%, 43.4%, and 48.4%, respectively. In
contrast, the control group exhibited genotype frequen-
cies of 61.42% for Il, 35.71% for ID, and 2.85% for DD.

A statistically significant difference was observed in
the genotype distribution between cases and controls (32
=67.63, p = 0.0001).

Additionally, the frequency of the D allele was signifi-
cantly higher among cases (70%) compared to controls
(29%) (p < 0.05, OR = 9.03, 95% CI: 5.41-15.01). These
findings suggest a strong association between the D al-
lele and acute coronary syndrome.

Association between ACE genotypes
and traditional risk factors

Age distribution

No significant association was identified between age
categories and ACE genotypes (p = 0.847). The DD ge-
notype was more prevalent in the oldest age group (>68
years, 58.33%), but the overall distribution of genotypes
across age groups was balanced, indicating no clear re-
lationship between ACE polymorphism and age in this
cohort (Table 2).

Gender distribution

Gender differences did not significantly correlate with
ACE genotypes (p = 0.546). Males were more represented
in the ID (48.38%) and DD (41.93%) genotypes, whereas
females were slightly more prevalent in the DD genotype

Table 1 - Allelic and genotypic distribution of I/D ACE polymorphism among cases and controls

Patients Controls
Variables N (%) N (%) 7 p-value OR95% I
N =99 N=70
[ 8 (8.08%) 43 (61.42%)
ID 43 (43.43%) 25 (35.75%) 67.63 0.0001*
DD 48 (48.48%) 02 (2.85%)
I allele 59 (29.79% 111 (79.28%
G MLabit) 80,34 0.0001* 2.08
D allele 139 (70.20%) 29 (20.71%) (5.41-15.01)
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Table 2 - Traditional risk factors according to ACE genotypes distribution among STEMI cases

Iln (%)

Age (years)
<45 1 (4.54%)
46-56 1(3.22%)
57-67 4 (11.76%)
>68 1(8.33%)
Gender

Male 3(9.67%)

Female 4 (5.88%)
Hypertension

Yes 3 (4.54%)

No 4 (12.12%)
Diabetes

Yes 0 (0%)

No 7 (11,11%)
Dyslipidemia

Yes 2 (4.44%)

No 5 (9.25%)
Smoking

Yes 3(13.04%)

No 4 (5.26%)

STEMI cases
(N =99)

ID n (%) DD n (%) p-value
10 (45.45%) 11 (50%)
15 (48.38%) 15 (48.38%)
14 (41.17%) 16 (47.05%) 0.847
4 (33.33%) 7 (58.33%)
15 (48.38%) 13 (41.93%) 0.546
28 (41.17%) 36 (52.94%) ’
27 (40.9%) 36 (54.54%) 0213
16 (48.48%) 13 (39.39%) ’

18 (50%) 18 (50%) 0.102
25 (39.68%) 31 (49.2%) :
26 (57.77%) 17 (37.77%) 0.03*
17 (31.48%) 32 (59.25%) ’
11 (47.82%) 9 (39.13%) 0317

32 (42.1%)

40 (52.63%)

(52.94%). These results suggest that gender does not sig-
nificantly influence the distribution of ACE genotypes
among STEMI patients.

Hypertension

Hypertension prevalence was highest in the DD geno-
type group (54.54%), followed by ID (40.90%) and Il
(4.54%). Despite this trend, no significant association
was observed between hypertension and ACE genotypes
(p = 0.213). This aligns with prior studies indicating a po-
tential, but non-conclusive, link between the DD geno-
type and hypertension.

Diabetes mellitus

No significant association was detected between diabe-
tes and ACE genotypes (p = 0.102). Notably, no diabetes
cases were observed in the Il genotype group (0%), whe-
reas diabetes was evenly distributed among ID and DD
genotypes (50% each). These findings may suggest po-
pulation-specific variability regarding the impact of ACE
polymorphism on diabetes risk.

Dyslipidemia

A statistically significant association was identified be-
tween dyslipidemia and ACE genotypes (p = 0.03). The
ID genotype exhibited the highest prevalence of dys-
lipidemia (57.77%), followed by DD (37.77%) and I
(4.44%). Conversely, non-dyslipidemic individuals were
more likely to belong to the DD group (59.25%). These
results suggest a potential role of the ID genotype in
lipid metabolism disturbances and its contribution to
STEMI development.

Smoking

No significant association was found between smoking
status and ACE genotypes (p = 0.317). However, smokers
were more prevalent in the Il genotype group (13.04%)
compared to the ID (47.82%) and DD (39.13%) geno-
types. Non-smokers predominated across all genotypes,
particularly in the DD group (52.63%). This suggests that
ACE polymorphism does not significantly influence smo-
king behavior in this cohort.

Discussion

Cardiovascular diseases (CVD) are the leading cause of
morbidity and mortality worldwide, accounting for 31%
of total global mortality.”® Coronary heart disease is a po-
lygenic and multifactorial disease characterized by the for-
mation of atherosclerotic plaque in the coronary vessels.?

Many studies reported the contribution of genetic
variations in the pathogenesis of cardiac disorders includ-
ing hypertension> and myocardial infarction.® Angioten-
sin I-converting enzyme (ACE) gene insertion/deletion
(I/D) polymorphism, characterized by an insertion/dele-
tion of a 287 bp nucleotide sequence at intron 16, has
been extensively studied and several studies reported its
eventual association with Ml by modifying ACE activity
and contributing to enhanced plaque vulnerability, ulcer-
ation and thrombosis.?*22 However, the contribution of
ACE gene polymorphism as a risk factor of CAD remains
controversial with conflicting results.?>?3

In our study, we found that the percentage of DD
genotype was higher in cases compared to controls (OR
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=9, 03, 95% CI: 5.41-15.01) which was confirmed in dif-
ferent studies of African and Western populations.624-27
However, other Asian studies reported the lowest per-
centage of the DD genotype compared to the Il and ID
genotypes.?®3!

Similarly, Dai et al.?? reported in a case-control study
that the ACE DD genotype is an independent risk factor
for STEMI. This result was also confirmed in many stud-
ies of different populations.3*34 Furthermore, we noticed
no significant association between conventional risk fac-
tors of CAD like advanced age, diabetes mellitus, hyper-
tension, smoking, and ACE genotypes. Indeed, Moorthy
et al.*® did not find any association between these risk
factors and ACE genotypes in an Indian cohort of 934
STEMI patients. Nevertheless, other studies reported
a significant association between ACE genotypes and
hypertension,>*¢3® diabetes mellitus and its complica-
tions.>** However, we have found a significant associa-
tion between dyslipidemia and ACE genotypes in STEMI
patients. This result has been already confirmed in many
studies.®

It should be noted that the increased risk of ACS in DD
subjects could be the consequence of chronic coronary va-
soconstriction or a predisposition to spasm linked to the
action of ACE on the vasoactive peptides that it metabo-
lizes. In the presence of coronary vasoconstriction, a myo-
cardial infarction could occur in an atherosclerotic lesion
of smaller size than in the absence of vasoconstriction.

These conflicting results underscore the intricate na-
ture of association studies in complex diseases like acute
coronary syndrome (ACS). Several factors have been pro-
posed to explain these inconsistencies, such as differing
selection criteria for control and disease groups, uncon-
trollable environmental influences within populations,
variations in genetic and ethnic backgrounds, and age
disparities among the subjects. Additionally, emerging
evidence suggests that epigenetic mechanisms, particu-
larly DNA methylation, may play a key role in the etiol-
ogy of coronary artery disease (CAD). Alterations in DNA
methylation patterns can affect gene expression, poten-
tially contributing to the development of CAD by modu-
lating pathways linked to inflammation, lipid metabo-
lism, and vascular function.®

Conclusion

The ACE DD genotype was observed to correlate with
the severity of CAD compared to the Il or ID genotypes
in Algerian patients. This research marks the first study in
Algeria exploring the association between a genetic poly-
morphism and coronary artery lesion severity, thus adding
valuable insights to the role of ACE I/D polymorphism in
AMI pathophysiology within Algerian populations. Con-
sequently, considering ACE I/D status could enhance the
comprehensive assessment and aggressive management
of AMI patients.

Conflict of interest
The authors declared no potential conflicts of interest
with respect to the research, authorship, and/or publica-
tion of this article.

Funding
The authors received no financial support for the re-
search, authorship, and/or publication of this article.

Ethical statement
The study was conducted in accordance with Helsinki dec-
laration.

Informed consent
The patients signed the informed consent.

References

1. Dai X, Wiernek S, Evans JP, Runge MS. Genetics of coronary
artery disease and myocardial infarction. World J Cardiol
2016;8:1-23.

2. Amrani-Midoun A LN, Djebaili T, et al. Gender differences in
epidemiology and risk factors of acute coronary syndrome in
Algerian patients of the Oran city: descriptive cross-sectional
study. Cor Vasa 2023;65:496-500.

3. Das SR, Alexander KP, Chen AY, et al. Impact of body weight
and extreme obesity on the presentation, treatment, and
in-hospital outcomes of 50,149 patients with ST-Segment
elevation myocardial infarction results from the NCDR
(National Cardiovascular Data Registry). J Am Coll Cardiol
2011,;58:2642-2650.

4. Amrani A, Baba Hamed MB. Relationship between
angiotensinogen gene T174 M polymorphism and essential
hypertension in a sample of Algerian population: case control
study. Journal of Medical Sciences 2014;14:168-173.

5. Amrani A, Baba Hamed MB, Mesli Talebbendiab F. Association
study between some renin-angiotensin system gene variants
and essential hypertension in a sample of Algerian population:
case control study. Ann Biol Clin (Paris) 2015;73:557-563.

6. Cambien F, Poirier O, Lecerf L, et al. Deletion polymorphism in
the gene for angiotensin-converting enzyme is a potent risk
factor for myocardial infarction. Nature 1992;359:641-644.

7. Lin C, Yang HY, Wu CC, et al. Angiotensin-converting enzyme
insertion/deletion polymorphism contributes high risk for
chronic kidney disease in Asian male with hypertension-

-a meta-regression analysis of 98 observational studies. PloS
one 2014;9:e87604.

8. Sakhteh M, Poopak B, Amirizadeh N, et al. Polymorphism
and synergism of angiotensin-converting enzyme (ACE)
and plasminogen activator inhibitor-1 (PAI-1) genes in
coronary artery disease. J Renin Angiotensin Aldosterone Syst
2015;16:1168-1174.

9. Touyz RM, Schiffrin EL. Signal transduction mechanisms
mediating the physiological and pathophysiological actions of
angiotensin Il in vascular smooth muscle cells. Pharmacol Rev
2000;52:639-672.

10. Myerburg RJ, Junttila MJ. Sudden cardiac death caused by
coronary heart disease. Circulation 2012;125:1043-1052.

11. Zintzaras E, Raman G, Kitsios G, Lau J. Angiotensin-converting
enzyme insertion/deletion gene polymorphic variant as
a marker of coronary artery disease: a meta-analysis. Arch
Intern Med 2008;168:1077-1089.

12. Agerholm-Larsen B, Nordestgaard BG, Tybjaerg-Hansen A. ACE
gene polymorphism in cardiovascular disease: meta-analyses of
small and large studies in whites. Arterioscler Thromb Vasc Biol
2000;20:484-492.

13. Meroufel DN, Mediene-Benchekor S, Dumont J, et al. A study
on the polymorphisms of the renin-angiotensin system
pathway genes for their effect on blood pressure levels in
males from Algeria. J Renin Angiotensin Aldosterone Syst
2014;15:1-6.

14. O’Gara PT, Kushner FG, Ascheim DD, et al. 2013 ACCF/AHA
guideline for the management of ST-elevation myocardial
infarction: executive summary: a report of the American
College of Cardiology Foundation/American Heart Association
Task Force on Practice Guidelines: developed in collaboration



A. Amrani-Midoun et al.

619

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

with the American College of Emergency Physicians and
Society for Cardiovascular Angiography and Interventions.
Catheter Cardiovasc Interv 2013;82:E1-E27.

Wright RS, Anderson JL, Adams CD, et al. 2011 ACCF/AHA
Focused Update of the Guidelines for the Management of
Patients With Unstable Angina/Non-ST-Elevation Myocardial
Infarction (Updating the 2007 Guideline): a report of the
American College of Cardiology Foundation/American Heart
Association Task Force on Practice Guidelines. Circulation
2011;123:2022-2060.

Jneid H, Addison D, Bhatt DL, et al. 2017 AHA/ACC Clinical
Performance and Quality Measures for Adults With ST-
Elevation and Non-ST-Elevation Myocardial Infarction:

A Report of the American College of Cardiology/American
Heart Association Task Force on Performance Measures. Circ
Cardiovasc Qual Outcomes 2017;10:e000032.

Miller SA, Dykes DD, Polesky HF. A simple salting out
procedure for extracting DNA from human nucleated cells.
Nucleic Acids Res 1988;16:1215.

Chou HT, Tsai CH, Tsai FJ. Association between angiotensin
I-converting enzyme gene insertion/deletion polymorphism
and risk of rheumatic heart disease. Jpn Heart J 2004;45:949-
957.

Mozaffarian D, Benjamin EJ, Go AS, et al. Heart disease and
stroke statistics — 2015 update: a report from the American
Heart Association. Circulation 2015;131:€29-e322.

Cambien F. The angiotensin-converting enzyme (ACE) genetic
polymorphism: its relationship with plasma ACE level and
myocardial infarction. Clin Genet 1994;46(1 Spec No):94-101.
Chen Y, Dong S, He M, et al. Angiotensin-converting enzyme
insertion/deletion polymorphism and risk of myocardial
infarction in an updated meta-analysis based on 34993
participants. Gene 2013;522:196-205.

Samani NJ, Thompson JR, O'Toole L, et al. A meta-analysis

of the association of the deletion allele of the angiotensin-
converting enzyme gene with myocardial infarction.
Circulation 1996;94:708-712.

Palmer BR, Pilborow AP, Yandle TG, et al. Angiotensin-
converting enzyme gene polymorphism interacts with left
ventricular ejection fraction and brain natriuretic peptide
levels to predict mortality after myocardial infarction. J Am
Coll Cardiol 2003;41:729-736.

Mehri S, Mahjoub S, Farhati A, et al. Angiotensinogen gene
polymorphism in acute myocardial infarction patients. J Renin
Angiotensin Aldosterone Syst 2011;12:42-47.
Martinez-Quintana E, Chirino R, Nieto-Lago V, et al. Prognostic
value of ACE I/D, AT1R A1166C, PAI-I 4G/5G and GPllla a1/a2
polymorphisms in myocardial infarction. Cardiol J 2014;21:229-
237.

Amara A, Mrad M, Sayeh A, et al. The Effect of ACE I/D
Polymorphisms Alone and With Concomitant Risk Factors

on Coronary Artery Disease. Clin Appl Thromb Hemost
2018;24:157-163.

Hmimech W, Idrissi HH, Diakite B, et al. Impact of I/D
polymorphism of angiotensin-converting enzyme (ACE) gene
on myocardial infarction susceptibility among young Moroccan
patients. BMC Res Notes 2017;10:763.

Tran DC, Le LHG, Thai TT, et al. Association between ACE

I/D genetic polymorphism and the severity of coronary

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

artery disease in Vietnamese patients with acute myocardial
infarction. Front Cardiovasc Med 2023:10:1091612.

Baruah S, Chaliha MS, Borah PK, et al. Insertion/Insertion
Genotype of Angiotensin I-Converting-Enzyme Gene Predicts
Risk of Myocardial Infarction in North East India. Biochem
Genet 2016;54:134-146.

Yoshida M, Iwai N, Ohmichi N, et al. D allele of the
angiotensin-converting enzyme gene is a risk factor for
secondary cardiac events after myocardial infarction. Int J
Cardiol 1999;70:119-125.

Zhao W, Ma ST, Cui LQ. Meta-analysis of angiotensin-
converting enzyme insertion/deletion polymorphism and
myocardial infarction in Han Chinese. Genet Mol Res
2015;14:8068-8076.

Dai S, Ding M, Liang N, et al. Associations of ACE I/D
polymorphism with the levels of ACE, kallikrein, angiotensin Il
and interleukin-6 in STEMI patients. Sci Rep 2019;9:19719.
Vaisi-Raygani A, Ghaneialvar H, Rahimi Z, et al. The
angiotensin converting enzyme D allele is an independent risk
factor for early onset coronary artery disease. Clin Biochem
2010;43:1189-1194.

Parenica J, Goldbergova MP, Kala P, et al. ACE gene insertion/
deletion polymorphism has a mild influence on the acute
development of left ventricular dysfunction in patients with ST
elevation myocardial infarction treated with primary PCl. BMC
Cardiovasc Disord 2010:10:60.

Moorthy N, Saligrama Ramegowda K, et al. Role of
Angiotensin-Converting Enzyme (ACE) gene polymorphism
and ACE activity in predicting outcome after acute myocardial
infarction. Int J Cardiol Heart Vasc 2021;32:100701.

Krishnan R, Sekar D, Karunanithy S, Subramanium S.
Association of angiotensin converting enzyme gene insertion/
deletion polymorphism with essential hypertension in south
Indian population. Genes Dis 2016;3:159-163.

Siddharth KM, Kapur S, Ram CV. Angiotensin converting
enzyme gene polymorphism and hypertension: no ace yet in
the pack of cards. J Assoc Physicians India 2012;60:9-10.

Borah PK, Shankarishan P, Hazarika NC, Mahanta J.
Hypertension subtypes and angiotensin converting enzyme
(ACE) gene polymorphism in Indian population. J Assoc
Physicians India 2012;60:11, 15-17.

Mahwish UN, Ponnaluri KC, Heera B, et al. Link between

ACE I/D Gene Polymorphism and Dyslipidemia in Diabetic
Nephropathy: A Case-control Study from Hyderabad, India.
Indian J Nephrol 2020;30:77-84.

Ha SK. ACE insertion/deletion polymorphism and diabetic
nephropathy: clinical implications of genetic information. J
Diabetes Res 2014;2014:846068.

Schmidt S, Schone N, Ritz E. Association of ACE gene
polymorphism and diabetic nephropathy? The Diabetic
Nephropathy Study Group. Kidney Int 1995;47:1176-1181.
Wang Y, Peng W, Zhang X, et al. The association of ACE gene
polymorphism with diabetic kidney disease and renoprotective
efficacy of valsartan. J Renin Angiotensin Aldosterone Syst
2016;17:1470320316666749.

Amrani-Midoun A LN, Boukerche F. DNA methylation and
coronary artery disease: Brief summary of the main findings.
Cor Vasa 2023;65:843-847.



Prehledovy c¢lanek | Review article

Nefarmakologicka Ié¢ba komorovych tachykardii
v komplexnim kardiovaskularnim centru

(Non-Pharmacological Management of Ventricular Tachycardias
in a Complex Cardiovascular Center)

Filip Schlosser®®, Petr Peichl?, Josef Kautzner?

2 Klinika kardiologie, Institut klinické a experimentalni mediciny, Praha, Ceska republika
b 3, lékafska fakulta Univerzity Karlovy v Praze, Praha, Ceska republika

INFORMACE O CLANKU

SOUHRN

Historie ¢lanku:

VloZen do systému: 29. 3. 2025
Pfijat: 1. 5. 2025

Dostupny online: 6. 10. 2025

Klicova slova:

Ablace pulsnim polem

Alkoholové ablace

Katetriza¢ni ablace

Komorové tachykardie

Kryoablace

Stereotakticka radioterapie arytmii

Keywords:

Alcohol ablation

Catheter ablation

Cryoablation

Pulsed field ablation

Stereotactic arrhythmia radiotherapy
Ventricular tachycardia

Komorové arytmie se do zna¢né miry podileji na morbidité a mortalité pacientu se strukturalnim onemoc-
nénim srdce. Implantace kardioverteru-defibrilatoru u téchto nemocnych prokazatelné snizuje mortalitu,
avsak nevede k prevenci dalSich epizod arytmii. Doneddvna predstavovalo zaklad [é¢by komorovych arytmii
podavani antiarytmik, ktera vsak maji omezenou ucinnost a nezanedbatelné riziko nezadoucich ucinku.
Proto se do popredi dostédvaji dalsi, nefarmakologické moznosti lé¢by komorovych arytmii, a to predevsim
katetrizacni ablace. Zlatym standardem je pouziti radiofrekvencni energie, jejiz Gc¢innost Ize modifikovat
pouzitim raznych druh( katétrd, proplachovacich roztoku ¢i techniky ablace. Alternativou je pouziti kryo-
ablace nebo energie pulsniho pole, které se jiz pIné etablovalo v [écbé fibrilace sini a pfedstavuje pfislib také
u pacient s komorovymi arytmiemi. Dalsi moznosti je alkoholové ablace, kterad spociva v aplikaci vysoce
koncentrovaného etanolu do tepny nebo zily drénuijici oblast predpokladaného arytmogenniho substratu.
Neinvazivni alternativou, pfedevsim pfi selhdni predchozich moznosti, je stereotakticka radioterapie. Cilem
piehledového ¢lanku je shrnout nefarmakologické moznosti 1é¢by komorovych tachykardii.
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ABSTRACT

Ventricular arrhythmias significantly influence morbidity and mortality in patients with structural heart dis-
ease. Implantable cardioverter-defibrillators positively affect survival but do not prevent ventricular arrhy-
thmias. Until recently, the cornerstone of management of ventricular arrhythmias was administration of
antiarrhythmic drugs, which have limited efficacy and non-negligible side effects. Nowadays, newer non-
-pharmacological treatment modalities have emerged, namely catheter ablation. Radiofrequency energy is
considered the gold standard and its effect can be further augmented by using different types of catheters,
alternative perfusion agents, or modified ablation techniques. Alternatively, cryoablation or pulse field ab-
lation make a promise for the future as pulse field ablation has already become an established treatment
strategy for managing atrial fibrillation. Additionally, alcohol ablation by administering concentrated etha-
nol into coronary arteries or veins subtending blood flow to the arrhythmogenic substrate may be used
in a selected population. Newer non-invasive treatment method is stereotactic arrhythmia radiotherapy,
especially for patients after catheter ablation failure. The aim of this review is to summarize up-to-date non-
-pharmacological treatment options for ventricular tachycardias.
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Uvod

Komorové tachykardie (KT) jsou definovany pfitomnosti
alespon tfi konsekutivnich staht s frekvenci > 100/min,
které pochazeji ze svaloviny komor nebo pfevodniho sys-
tému pod Urovni Hisova svazku." MUzeme je klasifikovat
podle mnoha kritérii, avSsak z prognostického hlediska
je dulezité rozlisovat idiopatické a KT pfi strukturalnim
onemocnéni srdce. Samostatnou skupinu pak tvofi pri-
marni arytmické syndromy, které jsou nejcastéji podmi-
nény genetickou mutaci v nékterém z genl kdédujicich
iontové kanaly na membrané kardiomyocytl. Zatimco
idiopatické KT jsou povaZovany za benigni, arytmie v pfi-
tomnosti strukturdlniho onemocnéni srdce jsou castou
pri¢cinou morbidity a mortality. Nahla srdecni smrt muze
byt prvni klinickou manifestaci srde¢niho onemocnéni.?
Zvlast zdvaznym stavem je tzv. arytmickd boure, kterd je
definovana jako tfi a vice epizod setrvalé hemodynamic-
ky vyznamné KT v pribéhu 24 hodin, které oddéluje ales-
por pét minut a pro jejich ukonceni je nutna intervence.?
V terapii KT hraji dlezitou ulohu antiarytmika, nicméné
s vyjimkou betablokator zaddné z nich neprokazalo mor-
talitni benefit, a navic je jejich uzivani spojeno se zavaz-
nymi nezddoucimi Ucinky."* Dalsi nedilnou a vieobecné
uzndavanou soucasti 1éCby KT, ktera prokazatelné snizuje
mortalitu, je implantace kardioverteru-defibrilatoru (ICD)
v rdmci primdrni a sekundarni prevence nahlé srdecni
smrti.>® Tyto pfistroje dokdzi potencidlni KT sice preru-
Sit, implantovany ICD ale nebrani recidivdm arytmii, coz
mUze vést k opakovanym vybojim ICD s nutnosti dalsi [é¢-
by.” Tato prehledova prace priblizuje soucasné moznosti
terapie KT se zamérenim na intervencni |éCbu.

Katetrizacni ablace

Katetrizacni ablace je v soucasnosti povazovana za nej-
efektivnéjsi nefarmakologickou lécbu rekurentnich KT.®
Jeji dlouhodoba uUspésnost se v zavislosti na zdkladnim
strukturalnim onemocnéni srdce pohybuje v rozmezi od
30 % do 70 %.>"?

Tabulka 1 - Doporuceni pro katetrizacni ablaci komorové

tachykardie ve tfidé | (upraveno podle guidelines
European Society of Cardiology, 2022)"

A, symptomatické idiopatické komorové tachykardie
nebo komorové extrasystoly z vytokového traktu pravé komory
nebo levostrannych fascikl

B, symptomaticka raménkova reentry komorova tachykardie

C, chronicka ischemicka choroba srdecni a rekurentni setrvalé
monomorfni komorové tachykardie nebo adekvatni vyboje ICD
pri zavedené terapii amiodaronem

D, incesantni komorova tachykardie nebo elektrickd boure
z dlivodu setrvalé monomorfni komorové tachykardie
refrakterni na antiarytmickou terapii

E, setrvalé monomorfni komorové tachykardie nebo rekurentni
symptomatické adekvatni vyboje ICD po korekci Fallotovy
tetralogie

ICD - implantabilni kardioverter-defibrilator.

Dle soucasnych doporuceni Evropské kardiologické
spolecnosti je katetrizac¢ni ablace doporucena ve tridé
I u vybrané skupiny pacientl (tabulka 1).!

Zménu v doporucenich by mohla pfinést recentné pub-
likovana studie VANISH2, kterd prokdzala, Ze u pacientt
s ischemickou kardiomyopatii (KMP) a dokumentovanou
setrvalou KT je katetriza¢ni ablace v porovnani s antiaryt-
mickou terapii Ucinnéjsi pro snizeni cilového ukazatele
slozeného z celkové mortality, adekvatnich vybojd ICD,
elektrické boure a KT pod detek¢nim limitem ICD."

Strategie ablace u strukturalniho postizeni srdce a jeji
Uspésnost zavisi na fadé faktord, z nichz jednim z nejda-
lezitéjsich je presnd definice arytmogenniho substratu.®
U pacientl se strukturdlnim postizenim srdce je hlavnim
mechanismem vzniku KT reentry. Pfedpokladem reent-
ry je zpomalené Sifeni vzruchu v oblasti jizevnaté tkané.
Charakteristickym pfikladem je subendokardialni jizva po
infarktu myokardu, kterd je protkana pruhy prezivsich
kardiomyocytl obklopenych fibrézni tkani. U neischemic-
kych kardiomyopatii je arytmogenni substrat casto tvoren
difuzni fibrézou. Jinym ptikladem jsou jizvy a proteticky
materidl po operacich srdce pro vrozené vady (tzv. post-
incizionalni arytmie). Mista zpomaleného vedeni vzruchu
predstavuji kritickou ¢ast potfebnou k udrzeni reentry
a jsou cilem katetriza¢ni ablace.

Optimalni cil katetrizac¢ni ablace KT Ize stanovit rzny-
mi zpusoby. Doneddvna bylo hlavni metodou mapovani
Sifeni vzruchu pfi bézici arytmii (tzv. mapovani aktiva¢ni
sekvence) (obr. 1). Pfesnost aktiva¢niho mapovani zlepsilo
vyrazné zavedeni tzv. elektroanatomickych mapovacich
systému, které dovoluji vytvoreni trojrozmérné virtual-
ni mapy pfislusné komory s projekci Siteni elektrického
vzruchu.™ Kriticky isthmus pomalého vedeni vzruchu se
obvykle projevi jako middiastolické nebo presystolické
diskrétni potencidly. K ovéfeni ucasti téchto mist v okru-
hu reentry se pouzivaji stimula¢ni manévry jako entrain-
ment. Principem je salva stimulace z mapovaciho katétru
rychleji, nez je frekvence KT. Pokud je dané misto v zéné
pomalého vedeni, dojde k urychleni krouzeni vzruchu
bez zmény morfologie komplexu QRS, pficemz prvni cyk-
lus po skonceni stimulace ma stejnou délku cyklu jako bé-
zici arytmie (tzv. skryty entrainment). Tento zplsob ma-
povani je viak mozné pouzit u méné nez 30 % pacientd,
protoze aktiva¢ni mapovani vyzaduje bézici arytmii, kterd
vétSinou neni hemodynamicky tolerovana.’

Pouziti elektroanatomickych mapovacich systémd do-
volilo tzv. substrdtové mapovani pfi sinusovém rytmu
nebo pri stimulaci komory.’ Jeho cilem je identifikace
arytmogenniho substratu a jeho rozsahu kombinaci zob-
razeni lokdlnich voltazi (které jsou v oblasti jizvy nizké)
a tzv. pacemappingu (stimulace z abla¢niho katétru k po-
souzeni rychlosti a sméru Sifeni vzruchu). Pfi pacemappin-
gu se posuzuje interval mezi stimulem a poc¢atkem kom-
plexu QRS a morfologie QRS. Mapovani Ize obohatit i tzv.
funkénim mapovanim za pouziti extrasystol z opacné
komory o kratkém vazebném intervalu a sledovani po-
malého Sifeni vzruchu. DalSim doplrikem je zobrazeni
substratu pomoci intrakardialni echokardiografie nebo
preprocedurdlni vypocetni tomografii (CT) ¢i magnetic-
kou rezonanci (MR) srdce.

Mezi nejcastéji pouzivané ablacni strategie zalozené
na substratovém mapovani, které vedou k modifikaci
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Jizva po

ventrikulotomii

Obr. 1 - Aktiva¢ni mapovani. (A) 12svodové EKG pfi bézici tachykardii u pacienta s vrozenou vadou srdecni po opakované chirurgické ko-
rekci. (B) Aktiva¢ni mapa pravé komory pfi bézici tachykardii. Lokalni aktivace je barevné kédovana (€ervena barva - nejéasnéjsi aktivace,
fialova barva - pozdni aktivace). Mapa ukazuje reentry okolo centrélni jizvy na bocné sténé ve vytokovém traktu pravé komory. Ablace
byla provedena od jizvy smérem k plicnicové chlopni, coz vedlo k preruseni reentry okruhu. (C) Skiagram s abla¢nim katétrem v pozici, kde

doslo k terminaci arytmie.

arytmogenniho substratu (obr. 2), patfi linearni ablace,
homogenizace jizvy, izolace jadra jizvy, rozrusovani kana-
|G pomalého vedeni (tzv. dechanneling), eliminace pozd-
nich potencidll a lokalnich abnormalnich komorovych
elektrogram."”

| pfi pouziti substratového mapovani a ablace muze
v prabéhu vykonu dojit ke spontdnnimu vzniku mnoho-

Cetnych epizod KT s nutnosti opakovanych kardioverzi.
To mUzZe mit za nasledek rozvoj hemodynamické nesta-
bility nebo dekompenzace srde¢niho selhani po vykonu.
K reSeni takového stavu nebo jeho prevenci Ize pouzit
kratkodobé mechanické srde¢ni podpory (MSP)."® Na
jejich vyuziti existuji rozdilné nazory a dosud neexistuji
presvédciva data, kterd by podporovala jejich 3irsi vyuzi-

I D= —~—
avl e/ e —— — Ny -~
aVF A A A A A
a W{M‘\H
V6 s Y ~/ - ~ %

A A A A A
HD 15.16 -—-.,R~
HD 14.15 W i s b 1 N
HD 13.14 —..:A J ) A A l——-
HD 11.12 )\ A 4 A A I A A
HD 10.11 —A— A lr A A __lr A A
HD810 fe e At e A o At A A
HD7.8 A A A A A A A
HD67 A AN N A - A N
HD 58 A W A A I -
HD 34 ~ ~
HD23 /- S
HD 12 o A iy 2N iy W iy
ABL12 Y NPUSIIES . P A N A A

ABL34

ABL uni

RV 12 _.{I\

Obr. 2 - Substratové mapovani u pacienta s poinfarktovym aneurysmatem predni stény a implantovanym Mitraclipem. (A) VoltaZzova mapa
zobrazujici rozsahlou jizvu hrotu a predni stény. Abla¢ni mista jsou oznacena cervenymi body. (B) Skiagram zobrazujici abla¢ni katétr za-
vedeny retrogradnim pfistupem do levé komory; multipolarni mapovaci katétr (HD grid, Abbott) je zaveden transseptalnim pfistupem. (C)
Lokalni elektrogramy z multipolarniho katétru umisténého uvniti aneurysmatu. Cervenou $ipkou jsou oznaéeny rezidudlni pozdni potenci-
aly. Dalsi aplikace radiofrekvencni energie do okrajové zony aneurysmatu vedly k jejich vymizeni.
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ti pi katetrizacni ablaci KT u strukturdlniho onemocnéni
srdce."

Dlouhodobé bylo zlatym standardem dosazZeni neindu-
kovatelnosti arytmie na konci vykonu.?° Zménu v paradig-
ma prinesla studie VISTA, ktera prokdzala, Zze extenzivni
substratova ablace a eliminace abnormalnich elektrogra-
mu vede v porovnani s limitovanou ablaci klinické KT k vy-
raznému snizeni rekurenci arytmii pfi srovnatelném riziku
periprocedurdlnich komplikaci.?' To prokazuje i metaana-
lyza zahrnujici celkem 787 pacientd v 13 studiich.?

Strategie katetriza¢ni ablace je také ovlivnéna loka-
lizaci a charakterem arytmogenniho substratu. Zatimco
u pacientd s ischemickou KMP je jizva lokalizovana pre-
devsim subendokardialné a je dobfie pristupna endokar-
didlni ablaci, v pfipadé neischemické KMP je jeji distribuce
variabilnéjsi a jizevnata tkan muze byt vice difuzni. U této
skupiny pacientud je arytmogenni substrat ¢asto lokalizo-
van perivalvularng, intramurdalné nebo epikardialné. Lze
rozlisit dva zakladni typy distribuce: anteroseptalni (AS)
a inferolaterdlni (IL). V pripadé AS distribuce je jizva ty-
picky lokalizovana septdlné intramuralné s extenzi do
periaortalni oblasti s dobrou dostupnosti k endokardialni
ablaci. Na druhou stranu IL distribuce je charakterizovana
substratem v oblasti bazalni ¢asti volné stény levé komory
s prevazujicim epikardialnim postizenim, coz casto vyza-
duje pouziti epikardidlniho pristupu #2* Rozdil v charak-
teristice a lokalizaci jizvy maze byt vysvétlenim pro lepsi
klinické vysledky katetriza¢ni ablace KT u pacientt s is-
chemickou KMP v porovndni s neischemickou KMP.?>2¢6
Epikardidlni a perivalvularni lokalizace arytmogenniho
substratu je také typicka pro arytmogenni KMP, kdy kom-
binovany endokardialni a epikardidlni pristup vede k ex-
celentnim dlouhodobym vysledkdm.?

V pripadé endokardialni ablace a potfeby dosazeni
levé komory je mozné zavadét katétr transvenézné za vy-
uziti transseptalni punkce anebo retrogradné, nejcastéji
punkci femordlni tepny. Epikardidlni perkutanni pristup
ze subxiphoidea popsali poprvé Sosa a kol.?® Limitaci to-
hoto pfistupu je pritomnost aortokorondrnich bypassu
nebo srdstd po predchozich kardiochirurgickych vyko-
nech nebo zdnétech v perikardu. U vybranych pacientt je
k dosazeni lepsi expozice mozné vyuzit chirurgicky subxi-
foidalni pristup.?®

Radiofrekvenéni ablace

Pouziti radiofrekvencni (RF) energie pfi katetriza¢ni abla-
¢i KT bylo popséano jiz v roce 1992, kdy autofi provedli
Uspésné katetrizacni ablaci u 16 pacientl bez struktural-
niho onemocnéni srdce.*® V roce nasledujicim byla publi-
kovana prace, kterd ukdzala, Ze katetrizac¢ni ablace KT je
mozna i u pacientd s ICHS.*

Zakladnim mechanismem ucinku RF energie je zahfi-
vani tkané v misté kontaktu katétru s myokardem s na-
slednym $ifenim tepla do okoli.*? Dosazeni teploty > 50
°C vede ke vzniku termalni nekrézy a permanentni |éze.*
Okolni tkan, kterad nedosahne kritické teploty, mlze byt
poskozena reverzibilné s naslednou upravou funkce.?*
V prubéhu ablace je potfeba vyhnout se prehrati tkane,
nebot se pri teplotach > 100 °C zvysuje riziko erupce vod-
nich par (tzv. steam pop). To maze mit za nasledek i lo-

kalni roztrzeni myokardu a jeho perforaci.®® Riziko erup-
ce vodnich par je casto spojeno se zvysenim echogenity
tkané (tzv. tissue whitening), kterou je mozno detekovat
pfi pouziti intrakardidlni echokardiografie. Pfedpoklada
se, Ze tento jev je zpUsobeny tvorbou mikrobublinek ply-
nu uvnitf tkané.*®> Pfi RF ablaci dochazi také k zahfivani
elektrody katétru, kdy prekroceni teploty > 70 °C vede
ke koagulaci krevnich proteind, které adheruji na povrch
katétru, ¢imz zmen3uji kontaktni plochu s tkani se vzestu-
pem impedance a koagula mohou byt zdrojem systémo-
vych embolizaci.3®

Hlavni limitaci, kterd snizuje dlouhodobou uspésnost
RF ablace, je neschopnost dosazeni dostatecné hluboké
myokardialni [éze. Riziko vzniku koagul a erupce vodnich
par do zna¢né miry limituje navySovani davky RF prou-
du. Navic je velikost myokardialni Iéze modifikovéna také
charakterem tkané a jeji perfuzi, kdy pfitomnost fibroz-
ni tkdné a tuku v misté jizvy snizuje velikost dosazené
|éze 3738

Pouzivani proplachovanych katétrd pomoci chladného
fyziologického roztoku umoziuje dosazeni hlubsich lézi
a snizeni tvorby koagul.** Pouziti alternativnich propla-
chovych roztokd, které méni lokalni impedanci v okoli
katétru, mlze vést k dalSimu prohloubeni léze, zaroven
vsak dochazi ke zvyseni rizika myokardialni ruptury nebo
cévni mozkové pfrihody.?4" Standardné pouzivané RF
abla¢ni katétry dosahuji hloubky léze kolem 7 mm.*

Ke zvyseni efektivity ablace Ize pouzit i alternativ-
ni techniky. Bipoldrni a simultanni unipoldrni ablace za
vyuziti dvou katétrd mozno pouzit predevsim k ablacim
v oblasti interventrikuldrniho septa.** Bipolarni ablace je
realizovadna za pouziti konvenc¢niho generdtoru RF prou-
du, kdy jeden ablacni katétr je zapojen do standardniho
portu, zatimco druhy do konektoru pro disperzni povr-
chovou elektrodu.*# Timhle zpGsobem dochazi v pribé-
hu ablace k pfechodu proudu mezi obéma elektrodami
katétr, coz umoznuje dosahnout Iéze o hloubce az 17
mm.*47\/ pripadé simultanni unipolarni ablace se pouzi-
vaji dva samostatné generatory RF proudu a dva separat-
ni katétry, které se umistuji z obou stran septa v misté
predpokladaného substratu.*®4 Jinou moznosti je pouzi-
ti katétru se zasouvaci jehlou (tzv. needle-tip catheter),
ktery byl vytvoren k ablaci substratu ulozeného hluboko
v myokardu.>-52 Pouziti této metody prokdazalo uspoko-
jivé akutni a stfednédobé vysledky.> K SirSimu zavedeni
zminénych alternativnich metod do klinické praxe jsou
nutné dalsi studie, a to prfedeviim k ovéreni jejich bez-
pecnosti.

Kryotermalni ablace

Pouziti kryotermalni energie je v soucasnosti jiz etab-
lovanou metodou pfi katetrizac¢ni ablaci fibrilace sini.>
Mechanismus ucinku kryoablace je komplexni a vede ke
vzniku ischemické nekrézy bunék.>>>¢ V prvni fazi, pfi
dosazeni teploty < -15 °C, dochazi ke vzniku ledovych
krystald v extraceluldrnim prostoru, pficemz pfi dalsim
poklesu teploty < —40 °C se krystaly ledu formuji i intrace-
luldarné.** To ma za nasledek mechanické rozruseni bunék.
Dominujicim procesem vedoucim k poskozeni bunék jsou
vsak biochemické zmény.>®>” Druhd faze kryoablace pro-
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Obr. 3 - Ukazka ablacni strategie u pacienta po infarktu myokardu. (A) VoltaZzova mapa levé komory pred ablaci (voltaz je barevné kédo-
vana - ¢ervena nizka voltaz; fialova - vysoka voltaz) ukazuje jizvu po infarktu posterolateralné bazalné. (B) VoltaZova mapa s vyznacenim
ablacni strategie, cervenymi body jsou oznacena mista aplikace radiofrekvencni energie. Ablace pokryva celou oblast jizvy. (C) Voltazova
remapa po ablaci prokazuje kompletni homogenizaci arytmogenniho substratu.

biha po ukonceni mrazeni pfi pasivnim vzestupu teploty
tkané na télesnou teplotu. Jejim podkladem je osmotické
poskozeni a vznik smykového napéti (tzv. shear stress),
které vedou k dalsimu rozruseni architektoniky tkané.>”8
Navic obnova mikrocirkulace je asociovana s vaskularni
obliteraci, poskozenim endotelu a vznikem mikrotrom-
b0.>>%5 FinaIni faze je charakterizovdna procesem fibro-
zy, kterd v pribéhu tydnu formuje zralou lézi. Ta je tvo-
fena centrdlni, dobfe ohrani¢enou oblasti denzni fibrozy
obklopenou uzsim lemem tkané s variabilné vyjadienou
bunécnou smrti.®°

Hlavni vyhodou kryotermdlni energie je v porovnani
s RF vyssi prilnavost k tkani, coz vede k lepsimu kontak-
tu a stabilité katétru. Pouziti kryotermalni energie pfi
endokardidlni ablaci nachazi vyuziti hlavné u pacientd,
u kterych selhala RF ablace KT z divodu nestability katét-
ru. Uspéiné pouziti téhle metodologie bylo popsano pfi
katetriza¢ni ablaci KT vychazejici z papildrnich svala levé
komory nebo septomargindlni trabekuly pravé komo-
ry.8-63 Studie Cryocure-VT byla pilotni multicentrickd stu-
die hodnotici vyuziti a bezpecnost nové technologie kryo-
ablace s vyuzitim ultranizké teploty dosahujici —196 °C.%
Do studie bylo zafazeno 13 pacientt s KT pfi strukturdl-
nim onemocnéni srdce za pouziti systému Adagio Medi-
cal (Laguna Hills, California) v CLAS™ ULTC System. Akut-
ni Uspésnost dosahla 90,9 %. Ze zdvaznych nezadoucich
ucinkd byl u jednoho pacienta v souvislosti s vykonem po-
zorovan vznik asymptomatického pseudoaneurysmatu LK
a u dalsiho pacienta maly perikardialni vypotek.

Dalsi moznosti je vyuziti epikardidlniho pfistupu. Chi-
rurgicka epikardialni kryoablace prokazala pfinos u pa-
cientl s neischemickou KMP a KT se substratem uloze-
nym epikardialné a intramuralné.® Prvni ablac¢ni katétry
vyuzivaly k ablaci plynné skupenstvi oxidu dusného, ktery
umoznoval vznik lézi do hloubky pouze 6 mm.%5 Liuba
a kol. recentné publikovali preklinickou praci, kdy na pra-
se¢im modelu prokazali mozZznost pouziti nového kryo-
abla¢niho systému (HeartPad XLT, Corfigo Inc, Montclair,
NJ), ktery vyuziva studené hélium s teplotou az — 250 °C
a dva katétry razné velikosti (HearPad Mini a HearPad
Micro). Vykon muze byt proveden perkutdnnim anebo

chirurgickym pfistupem s dosazenim pramérné velikosti
abla¢ni léze az 16 mm, pficemzZ hloubka |éze muze byt
modulovana délkou aplikace s nejvétsim efektem dosaze-
nym pfi aplikaci v trvani 120 sekund.®®

Ablace pulsnim polem

Ablace pulsnim polem predstavuje novou, netermal-
ni modalitu v katetriza¢ni 1é¢bé srdecnich arytmii. Me-
chanismus ucinku spociva v aplikaci ultrakratkych pulst
stejnosmérného elektrického proudu o vysokém napéti,
ktery vede ke vzniku mikropéri v bunétné membrané
s naslednym zvySenim jeji permeability. Nizka intenzita
pulsniho pole vede k pfechodné tvorbé pérd, zatimco sil-
néjsi pulsni pole navozuje ireverzibilni elektroporaci s né-
slednou aktivaci programované smrti buriky — apoptézy.
Vysledkem je zanik bunék bez vzniku koagula¢ni nekrézy
a nasledné fibrézy. Efekt elektroporace je zavisly na elek-
trickych vlastnostech jednotlivych typl bunék a paramet-
ry elektrického proudu mohou byt optimalizovany k do-
sazeni efektu na kardiomyocyty se zachovanim integrity
okolnich struktur.5%7> Efektivita a bezpecnost katetrizacni
ablace fibrilace sini pomoci energie pulsniho pole byla
ovéfena v registru MANIFEST-PF.”® Nutno vSak zminit, Ze
aplikace pulsniho pole v tésné blizkosti probihajici ko-
rondrni tepny vede ke vzniku subklinickych vazospasm
s dobrou reakci na podani nitratd.”

Efekt pulsniho pole na komorovy myokard u zvifeciho
modelu byl UspéSné popsan v rfadé studii.’”®® Dalsi pré-
ce porovnavajici charakter léze po aplikaci RF energie
a pulsniho pole u prase¢iho modelu ve zdravé a infark-
tové tkani prokazala dosazeni hlubsi 1éze v pfipadé apli-
kace v misté poinfarktové jizvy.®? Tato optimisticka data
predstavuji zaklad dalsiho pouziti pulsniho pole v klinické
praxi u lidi.

Data o pouziti pulsniho pole u lidi pfi katetriza¢ni
ablaci KT jsou omezena na pfipadové studie nebo zku-
senosti jednotlivych center. V roce 2024 jsme publikovali
dvé préace zabyvajici se vyuzitim pulsniho pole u pacien-
ta s KT. V prvni studii se jednalo o prvotni zkusenosti
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Leva sin

ZVysena-echogenita v myokardu
“a@plikaci alkoholu

Obr. 4 - Alkoholova ablace komorové ektopie vychazejici ze summitu levé komory. (A) Venogram distalni &asti koronarniho sinu. Sipkou je
oznacena septalni vétev vedouci do summitu levé komory. (B) Vodi¢ zavedeny do septalni Zilni vétve. (C) Dobra ¢asnost lokalniho elektro-
gramu pfi klinické ektopii. (D) Depo kontrastu v myokardu po ablaci alkoholu. (E) Zvysena echogenita po aplikaci alkoholu v oblasti sumitu

levé komory zobrazena na intrakardialni echokardiografii.

dvou center s pouzitim systému CENTAURI (CardioFo-
cus), a to jak u pacientd s ¢etnou komorovou ektopii,
tak u KT pfi strukturdlnim onemocnéni srdce. Celkem
byl vykon proveden u 44 pacientl s akutni Uspésnosti
84 % v pripadé komorovych extrasystol, u pacientl s KT
bylo dosazeno akutni neinducibility v 81 %. Ve skupiné
s KT byla pfi prmérné dobé sledovani 116 = 75 dni
Uspésnost vyrazné nizsi, a to 52 %.%3 Dalsi prace zahrnu-
je pacienty se strukturdlnim srde¢nim onemocnéni a KT,
ktefi podstoupili ablaci za pouziti nového mapovaciho
a abla¢niho katétru (Sphere-9, Medtronic, Minneapolis,
MN) a dedikovaného elektroanatomického mapovaci-
ho systému a abla¢niho generatoru (Affera, Medtronic,
Minneapolis, MN) s moznosti doruceni jak RF energie,
tak pulsniho pole (obr. 3). V této sérii bylo zafazeno
18 pacientd s rekurentni KT. U 89 % pacientd bylo
dosazeno neinducibility na konci vykonu s tfimési¢ni
uspésnosti 78 %. U ¢tyf pacientl byla ablace provedena
epikardidlnim pristupem, pricemz nutno zminit, Zze u tfi
z nich byl angiograficky verifikovan spasmus koronarni
tepny s ndslednou Uplnou rezoluci po intrakoronanim
podani nitratu.® Tato data predstavuji pfislib pro Sirsi
vyuziti pulsniho pole k ablaci KT, avsak k ovéreni ucin-
nosti a bezpecnosti jsou potfebné dalsi studie.

Alkoholova ablace

Dalsi alternativou v terapii refrakternich KT je alkoho-
lova ablace, ktera spociva v podani vysoce koncentro-
vaného etanolu do arterie nebo vény, kterd zdsobuje/
drénuje oblast arytmogenniho substratu. Vysoké kon-

centrace etanolu vedou k solubilizaci bunécné mem-
brany a okamzité buné&iné smrti.8> Uspe3nost vykonu
muze byt ovlivnéna pfitomnosti kolateralniho zasobe-
ni dané oblasti, coZz vede ke snizeni ucinnosti ablace.
Jednou z komplikaci vykonu je zvysené riziko vzniku
reentry KT v dUsledku nekompletni |éze zplsobené po-
danim etanolu.® Mezi dalSi popsané komplikace patfi
predevsim kompletni atrioventrikularni blokada (AVB)
pfi ablaci bazalniho septalniho substratu, okluze neci-
lové korondrni tepny, perforace tepny nebo koronarni
vazospasmus.®’

Prvni transarteridlni poddni etanolu bylo popsa-
no v roce 1987, kdy na psim modelu doslo po podani
etanolu k arteridlni trombéze a myokardialni nekroé-
ze s Uspésnou eliminaci KT.% N&sledné Brugada a kol.
prokdzali moznost alkoholové ablace KT u tfi pacien-
th s ischemickou KMP.8%%° V n3asledujicich letech byla
publikovana fada praci prokazujicich Uspésné pouziti
této techniky, véetné transvenézni koronarni aplikace
etanolu.®™ Vysledky byly reprodukovany také v mezi-
narodni multicentrické studii.®® Metaanalyza zahrnuji-
ci deset studii a celkem 174 pacientd prokazala akutni
uspésnost etanolové ablace v 72,4 %, pficemz hlavni
limitaci vykonu byla absence vhodné cilové cévy drénu-
jici oblast arytmogenniho substratu nebo technicka ne-
moznost jeji kanylace. Transvendzni aplikace etanolu
se jevi jako bezpecnéjsi a ucinnéjsi v porovndni s trans-
arteridlnim podanim.*

V soucasnosti predstavuje alkoholova ablace alter-
nativu u pacientt s refrakternimi KT, které jsou Spatné
dostupné konvencni katetriza¢ni ablaci, a to predevsim
v oblasti summitu levé komory srdecni (obr. 4).
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Obr. 5 - Ukazka stereotaktické radioterapie. (A) Voltazova epikardialni mapa u pacienta s neischemickou kardiomyopatii a jizvou na bocné
sténé levé komory. Kvili vyrazné hypertrofii myokardu konvencni radiofrekvencni ablace nevedla k u¢innému odstranéni vsech forem
komorovych tachykardii. (B) Interpolace cilového mista pro radioterapii s elektroanatomickou mapou. (C, D) Planovaci CT vysetieni s ozna-

¢enim cilovych mist pro radioterapii.

Stereotakticka radioterapie

Stereotaktickd radioterapie arytmii (STAR) je novou alterna-
tivni neinvazivni metodou v |1écbé KT, a to predevsim pfi se-
Ihani predchozi antiarytmické terapie a katetrizacni ablace.

Lécba spociva v aplikaci ionizujicich fotona, které jsou
generovany linedrnim urychlova¢em nebo roboticky asis-
tovanym linedrnim urychlovac¢em (CyberKnife) na vybra-
nou ¢ast srde¢ni tkané. Na rozdil od konvencni radiote-
rapie se pfi STAR vyuzivd trojdimenzionalni zobrazeni
a ozareni tkané z vice uhlu. Pfesny mechanismus ucinku
radioterapie na myokard neni zcela objasnén. Prvotni
hypotézou byla modulace vedeni vzruchu v myokardu
zpUsobend radiaci indukovanou fibrézou.?® STAR v davce
25 Gy anebo vice vedla v animalnich modelech k fibréze
a transmuralnimu poskozeni myokardu mésice od jeji ap-
likace.”” V nékterych klinickych sériich bylo vsak pozoro-
vano, ze ke snizeni zatéze KT muze dochazet u pacientt

jiz v prlbéhu nékolika dni az tydna, a tedy radioterapif
indukovand fibréza zcela nevysvétluje Casny efekt lé¢-
by.%®1%Zhang a kol. ukdzali na zvifecim modelu, Ze STAR
vede k zvysené expresi NaV1.5 (podjednotka napétové
fizeného sodikového kandlu, ktery se uplatiiuje ve fazi
depolarizace) a connexinu 43 (hlavni podjednotka skupi-
nového spojeni, tzv. gap junction).'® Do jaké miry se tato
modulace vedeni elektrického vzruchu klinicky uplatriuje,
neni zatim jasné.

Predpokladem pouziti STAR je piesna identifikace sub-
stratu zpusobujiciho KT. K tomu lze pouzit elektroanato-
mické mapovani, echokardiografii, pozitronovou emisni
tomografii-vypocetni tomografii (PET-CT) ¢i magnetickou
rezonanci (MR). V Ceské republice je uzivana fuze elek-
tro-anatomického mapovani s CT obrazem (obr. 5).'2 Na
zakladé preklinickych studii a zkuSenosti z onkologie byla
ve vétsiné studii pouzita davka 25 Gy aplikovana jednora-
zové bez nutnosti celkové anestezie ¢i sedace.
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Prvni kazuistiky o pouziti STAR byly publikovany pred
ne vice nez deseti lety.'031% poté nasledovalo nékolik dal-
Sich sérii kazuistik ¢i klinickych studii s omezenym poctem
pacient(.'0015-1"" 7atimco kratkodobd uUspésnost terapie
byla ve vétsiné studii vysoka, pfi dlouhodobéjsim sledo-
vani byly rekurence KT vysoké. Vétsina studii prokazala
bezpecnost v kratkodobém a stfednédobém sledovani.
K nejcastéji popsanym nezadoucim ucinklim asociovanym
s lé¢bou pattila nauzea, pleuritida, perikarditida, perikar-
didlni vypotek a progrese chlopenni vady.

Prvni vétsi prospektivni praci byla studie ENCORE VT,
provedena na 19 pacientech s refrakterni KT.""? Vyznamné
redukce epizod KT nebo komorové ektopie bylo dosazeno
u 94 % pacientdl po dobu sledovani 13 mésici. Nutno ale
zminit, Ze rekurence KT v obdobi 3esti tydn( az Sesti mési-
cl po STAR byla az 69 %. Recentné byla publikovédna prace
prezentujici vysledky STAR v Ceské republice.’®? Zahrnuje
celkem 36 pacientl s refrakterni KT a minimalné jednou
predchozi katetriza¢ni ablaci. Mortalita skupiny dosahova-
la v 12 mésicich od vykonu 47 % a prakticky u vsech pre-
Zivajicich pacientt byla po dobu sledovani (prmérné 13,7
mésice) zaznamenana adekvatni intervence ICD. Hlavnim
pfinosem prace je analyza dlouhodobych nezadoucich u¢in-
ku lécby, ktera byla hodnocena u 32 pacientl s prdmérnou
dobou sledovani 33,5 mésice. Nejcastéji se jednalo o progre-
si zndmé mitrdlni regurgitace, a to u osmi pacientl (25 %),
z nichz tfi museli podstoupit intervenci na chlopni. Dalsi ne-
zadouci pfihodou byla plicni fibréza v malém okrsku tkané
v blizkosti cilového mista ozafovani u ¢tyf pacientd (12 %).
K nejzavaznéjsim komplikacim patfila ezofagitida u dvou
pacientd, z nich jeden zemrel devét mésicti po STAR na ne-
resekabilni ezofagoperikardialni pistél. Vzhledem k uvede-
nému lze v soucasnosti povazovat STAR za terapeutickou
metodu pouze pro vybrané skupiny vysoce rizikovych pa-
cientl s rekurentni KT po predchozi katetriza¢ni ablaci.

Zaveér

Lécba KT u pacientl se strukturalnim onemocnénim srd-
ce vyzaduje komplexni pfistup, jehoz dilezZitou soucasti je
nefarmakologicka terapie. Katetriza¢ni ablace ma poten-
cidl snizit cetnost arytmii nebo je Uplné odstranit. V soucas-
nosti Ize k dosazeni tohoto cile pouzit rzné typy energie
a abla¢ni techniky, které v rukou zkuseného elektrofyzio-
loga zvysuji Uspésnost vykonu pfi nizké mife komplikaci.
Alternativni metodou je pouziti stereotaktické radiotera-
pie, jeji ucinnost a predevsim bezpecnost je nutno ovérit
v dalsich prospektivnich studiich. Nemocné, u kterych i pres
vySe uvedenou lécbu dochazi k recidivam KT, je mozné po
zohlednéni dalSich pfidruzenych onemocnéni a faktora vy-
Setfovat jako potencialni kandidaty k transplantaci srdce.

Prohlaseni autorti o mozném stietu zajmu
Zadny stiet zajma.

Financovani

Zadné.

Prohlaseni autort o etickych aspektech publikace
Zpracovani ¢lanku bylo provedeno v souladu s etickymi
standardy.
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Izolovana disekcia arteria carotis interna je zavazné ochorenie pre riziko rozvoja ischemickej cievnej moz-
govej prihody, a to najma u mladych pacientov. Jej manazment je komplexny, pozostava z farmakologickej
a nefarmakologickej — endovaskularnej liecby. Kazda z lie¢ebnych moznosti musi byt prisne indikovana po
splneni striktnych indikacii. Cielom tohto ¢lanku je priniest ¢itatelovi komplexny pohlad na toto ochore-
nie od etiopatogenézy po liecbu a prognézu. Najdolezitejsim cielom je poskytnut najaktudlinejsie poznatky
o sposobe liecby a indikaciach jednotlivych liecebnych postupov.

© 2025, CKS.

ABSTRACT

Isolated dissection of the internal carotid artery is a serious medical condition due to the risk of ischemic stro-
ke developing, especially in young patients. Its management is complex, consisting of pharmacological and
non-pharmacological, endovascular treatment. Each of the treatment options must be strictly indicated af-
ter meeting the strict indications. The aim of this article is to provide the reader with a comprehensive view
of this disease from etiopathogenesis to treatment and prognosis. The most important goal is to provide the
most up-to-date knowledge about the method of treatment and the indications of each treatment option.

Uvod

Izolovand disekcia arteria carotis interna (ACI) je pri¢inou
priblizne 2 % zo vietkych cievnych mozgovych prihod
(CMP), pricom tento pocet je zavisly od veku a vyrazne stupa
u mladych pacientov. U jedincov mladsich ako 45 rokov je to
az 20 %." Disekcia tepny je vo vSeobecnosti vysledkom roz-
trhnutia vnutornej vystelky tepny (tunica intima), po ktorej
nasleduje jej oddelenie od strednej vrstvy tepny (tunica me-
dia) v dosledku pulzujuceho prietoku krvi medzi nimi. Sepa-
racia vrstiev steny tepny sa zvyc¢ajne odohrava v smere prie-
toku krvi, o moze viest k vzniku intraluminalneho trombu,
stendzy, okluzie alebo disekujicej aneuryzmy. Takymto

mechanizmom moze karoticka disekcia sposobit sekundar-
nu ischémiu mozgu. ACl prebieha parcidlne extra- a parcial-
ne intrakranialne, preto analogicky izolovanu disekciu ACI
moézZzeme rozdelit na extra- a intrakranidlnu. Extrakranial-
na karoticka disekcia (EKD) bola extenzivne Studovana, jej
ro¢na incidencia sa pohybuje medzi 1,722 az 2,6-3 pripadov
na 100 000 obyvatelov.>* Incidencia intrakranialnej karotic-
kej disekcie (IKD) nie je zndma, ale predpoklada sa, Ze je
nizsia ako incidencia extrakranidlnej. Pomer medzi extra-/
intrakranidlnou lokalizaciou disekcie je zavisly od regiénu.
V Eurépe predstavuje IKD asi 11 %,° v Latinskej Amerike asi
27 %" a vo vychodnej Azii asi 67-78 %72 z celkového poctu
pripadov izolovanej disekcie ACI.
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Etiologia

Presna etioldgia karotickej disekcie nie je znama, nakolko
ide o multifaktoralne ochorenie. Rizikové faktory vzniku
IKD nie su dostato¢ne zndme a charakterizované. V etio-
patogenéze EKD boli identifikované tieto potencidlne ri-
zikové faktory:

Mechanické faktory

B Anatomia - Eaglov syndrém

V etiopatogenéze disekcie karotickej tepny méze zo-
hrévat ulohu dlZka processus styloideus ossis temporalis,
ktorého fyziologicka dlzka je asi 20-25 mm. V roku 1948
otorynolaryngolég W. W. Eagle publikoval ¢lanok popi-
sujuci symptomy suvisiace s predlzenim processus stylo-
ideus ossis temporalis, neskor sihrne oznacené ako Eag-
lov syndrém.

Ide o raritné ochorenie spésobené Utlakom nervovych
alebo vaskularnych $truktdr uni/bilateralnym predlzenim
processus styloideus ossis temporalis a/alebo kalcifika-
ciou ligamentum stylohyoideum. Ak su utla¢ané hlavo-
vé nervy (n. facialis, vagus, glossopharyngeus a hypo-
glossus), hovorime o , neurologickej forme” a symptémy
zahrfnaju jednostrannu bolest hrdla, krku, tvare a ucha,
ako aj tinitus a dysfagiu.>'® V pripade tlaku na ACl v jej
extrakranidlnom useku ide o vaskuldrnu formu, respekti-
ve stylokaroticky syndrém a medzi symptémy patri boles-
tivost pozdlz priebehu tepny, poruchy zraku a ischemicka
CMP. Disekcia ACI patri medzi dalsie komplikacie stylo-
karotického syndrému.’ PredlZenie processus styloideus
na viac ako 30 mm zvysuje riziko vzniku karotickej disek-
cie,'? av8ak zvycajne su pritomné aj dalSie rizikové fakto-
ry, ako je ochorenie makkych tkaniv, trauma, chirurgické
poskodenie (napr. tonzilektémia), endokrinné priciny."

B Manipulacia s krénou chrbticou - rehabilitacné techniky
Je mozné predpokladat, Ze manipulacie s krénou chrbti-
cou v rdmci rehabilitacie budu narastat vzhladom na ak-
tudlny sposob Zivota v populacii charakterizovany dlho-
dobym sedenim a vykondvanim stereotypnych cinnosti
(napr. praca s PC, smart telefény atd.). Niektoré prace po-
ukazali na riziko vzniku disekcie ACI po takychto proce-
durach. ISlo zvycajne o ,case” reporty. Avsak velka studia
charakteru meta-analyzy nedokdzala potvrdit suvislost
medzi manipulaciou s krénou chrbticou a rizikom vzniku
disekcie ACI.™

B Zranenia
Do tejto skupiny mézeme zaradit autonehody, zranenia
v $porte, paddy, napadnutie, obesenie.’™2°

B Zdravotné vykony - iatrogénna disekcia
H Iné

Genetické faktory

Existuju solidne argumenty podporujiuce hypotézu, zZe
genetické faktory hraju zasadnu ulohu v etioldgii a pa-
togenéze disekcie ACI, a to zriedkavo ako sucast poruchy
jedného génu alebo castejsie ako sucast multifaktoridlnej
predispozicie.

Prevlada hypotéza, Ze genetické pozadie spOsobuje
konstitu¢nu slabost cievnej steny a faktory, ako je akut-
na infekcia alebo mald trauma, mézu spustit disekciu
tepny.'>

B Monogénne ochorenia a disekcia ACI

U pacientov s disekciou ACl boli realizované biopsie koZe za
ucelom genetickej analyzy mutacii kandidatskych génov vy-
beranych na zéklade predpokladanej suvislosti medzi disek-
ciou karotickej tepny a beZnymi abnormalitami spojivového
tkaniva pri zndmych hereditarnych poruchdach spojivového
tkaniva ako vaskularny Ehlersov-Danlosov syndrom (EDS),
Marfanov syndrém (MFS), pseudoxanthoma elasticum, os-
teogenesis imperfecta a Loeysov-Dietzov syndrém, ako aj
dalsie gény zapojené do syntézy komponentov extracelu-
larnej matrix. Vysledok bol zva¢sa negativny. Prevalencia
hereditarnych ochoreni spojiva u pacientov s disekciou ACI
je celkovo velmi nizka (0,5-2,0 % pre EDS IV; 0,6-0,9 % pre
MFS).?223 Podobne, az na niekolko vynimiek, je vyskyt disek-
cie karotickej tepny zriedkavy medzi pacientmis dokazanou
diagnoézou hereditdrneho ochorenia spojiva.?>%

Na druhej strane, iné $tudie preukdzali patologické
génové mutdcie u pacientov s familiarnym vyskytom ka-
rotickej disekcie, preto mozno povedat, Ze monogénne
genetické ochorenia zohravaju doélezitu ulohu najma
v etiopatogenéze disekcie ACI s familidrnym vyskytom.24-26

B Disekcia karotickej tepny ako multifaktorialne
ochorenie s genetickou zlozkou

U vadsiny pacientov sa nepotvrdila jednoznacna suvislost
medzi monogénnymi ochoreniami a nefamilidrnou disek-
ciou ACI, preto sa o danom ochoreni uvazuje ako o mul-
tifaktoridlnom s genetickym spolupodielom. Na zaklade
vysledkov studie GWAS (genome-wide association study)
bol identifikovany vyskyt alely A genetického variantu
(rs9349379) génu PHACTR1 (phosphatase and actin regu-
lator 1 gene) ako rizikovy faktor vzniku spontannej karo-
tickej disekcie (OR 1,33).27:28

Kolagénové vaskularne poruchy
Ako je uvedené vyssie, typické ochorenia spojiva splfiaju-
ce diagnostické a genetické kritérid sa u pacientov s disek-
ciou ACI vyskytuju len zriedkavo. Avsak izolované mierne
abnormality spojivového tkaniva prejavujuce sa ako hy-
permobilita klbov, lahka tvorba modrin, zlé hojenie ran
sU pozorované casto (50-96 %).263

Pacienti so subklinicky zvy$enou vaskularnou tortuo-
zitou, resp. zvacsenym priemerom bulbu aorty su tiez na-
chylnejsi pre vznik disekcie ACI.3' Preto mnoho pripadov
disekcie ACI sa pravdepodobne vyskytuje pri systémo-
vych, ale nedostatoc¢ne definovanych miernych poruchach
spojivového tkaniva." Fibromuskuldrna dysplazia (FMD),
neaterosklerotickd a nezapalova arteriopatia je jedno
z vyznamnych ochoreni, ktoré mézeme zaradit do tejto
skupiny rizikovych faktorov. Ma vyznamnu suvislost s di-
sekciou ACI. Zistilo sa, ze viac ako 10 % pacientov s dia-
gnostikovanou FMD je stucasne postihnutych aj disekciou
ACI. Disekcia tepny reprezentuje jeden zo znakov FMD,
pricom viac ako 90 % pripadov disekcii tepien pri FMD
postihuje karotické, menej casto vertebralne tepny.*
Bolo tiez zistené, ze takmer u 40 % pacientov s disekciou
ACI sa sucasne vyskytuje aj FMD.*3
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Nedavne infekcie

Nedavne infekcie hornych dychacich ciest, chripka a gas-
trointestindlne infekcie su popisované castejsie u pacien-
tov s disekciou ACI, hoci zakladny mechanizmus a pricin-
na suvislost nie su jasné. Tato asociacia bola nezavisla od
kaslania a kychania.?®3*

Kardiovaskulérne, biochemické a dalsie
rizikové faktory
V etiopatogenéze vzniku karotickej disekcie bol potvrde-
ny aj vplyv artériovej hypertenzie, fajcenia,*>** hyperho-
mocysteinémie®” a antikoncepcie.?

Tabulka 1 prehladne zobrazuje potencidlne rizikové
faktory zohravajuce ulohu v etiopatolégii izolovanej ka-
rotickej disekcie.

Patogenéza
Disekciu ACI podla patomechanizmu vzniku mézeme

rozdelit na spontannu a traumatickd. Disekcia ACI naj-
CastejSie vznikd spolupdsobenim viacerych rizikovych fak-

Tabulka 1 - Rizikové faktory v etiopatoldgii izolovanej

karotickej disekcie
1) Mechanické

e Anatémia - Eaglov syndrém?®?

e Manipuldcia s krénou chrbticou - rehabilitacné techniky

e Zranenia (autonehody, zranenia v Sporte, pady, napadnutie,
obesenie)'>2

e Zdravotné vykony - iatrogénna disekcia'

2) Genetické faktory

a) Monogénne ochorenia a disekcia a. carotis interna?-?
e Ehlersov-Danlosov syndrém

¢ Marfanov syndrém

¢ Pseudoxanthoma elasticum

¢ Osteogenesis imperfecta

¢ Loeysov-Dietzov syndrom

b) Disekcia a. carotis interna ako multifaktorialne ochorenie
s genetickou zloZzkou

¢ Alela A genetického variantu (rs9349379) génu PHACTR1
(phosphatase and actin regulator 1 gene)?

3) Kolagénové vaskularne poruchy!>363031

e Fibromuskularna dyspléazia®'-

4) Recentné infekcie?*3*

e Hornych dychacich ciest

e Chripka

¢ Gastrointestindlne infekcie

5) Kardiovaskularne, biochemické a dalSie rizikové faktory333-3"
e Artériova hypertenzia

e FajCenie

¢ Hyperhomocysteinémia

¢ Antikoncepcia

torov a traumaticky inzult je identifikovatelny len u casti
z nich.’>3*®

Traumaticka disekcia postihuje asi 2,6 % pacien-
tov s tazkou tupou traumou a 2,7 % pacientov s poly-
traumou. Vznikd pri nadmernom natiahnuti tepny alebo
je vysledkom priameho uderu do anterolateralnej casti
krku. K nadmernému natiahnutiu tepny zvycajne docha-
dza pocas nadmernej hyperextenzie a kontralateralnej
rotacie hlavy.

Diagnostika ochorenia

Pre cCasto nespecifickl povahu symptémov je diagnosti-
ka karotickej disekcie naro¢nd, najma pri absencii ische-
mickych symptémov a znakov (cievna mozgova prihoda).
Diagnostika je tak zalozena na kombinacii Specifickych
nalezov zobrazovacich metéd, podrobnej anamnéze
(symptémov) a dosledného neurologického vysetrenia
(znaky).

Zobrazovacie metody

V diagnostickom procese karotickej disekcie moézeme vy-
uzit tieto modality: CT angiografia, MR angiografia, ul-
trasonografia a karoticka angiografia/DSA.

B Zobrazovacie diagnostické kritéria podla Eurépskej
organizacie pre cievne mozgové prihody

EKD je charakterizovana niektorymi z nasledujucich na-
lezov (obr. 1): intramuralny hematém, disekujica aneu-
ryzma, tiahla stendza, intimalny flap, dvojlumen, uzaver
ACI viac ako 2 cm distélnejsie od bifurkacie arteria caro-
tis communis, ktory sa neskor demaskuje ako disekujuca
aneuryzma a/alebo tiahla stenéza po rekanalizacii.®

Obrazky 3-11 zobrazuju CT angiografické vysetrenie
a angiografické vySetrenie a. carotis interna u pacienta A,
B, CaD.

IKD je potvrdend pritomnostou aspor jedného z né-
lezov (obr. 2): (i) stenéza alebo uzaver intrakranidlnej
tepny so sekundarnou fuziformnou alebo nepravidelnou
aneuryzmatickou dilataciou v casti tepny bez vetiev (ii)

Obr. 1 - CT angiografické
vysetrenie karotického

rieciska zobrazujuce disekciu
extrakranialneho useku a. carotis
interna. 1. A. carotis communis;
2. odstupovy Usek a. carotis
externa; 3. odstupovy usek

a. carotis interna, ktory nie je
postihnuty stenézou/disekciou;
4. extrakranialny usek a. carotis
interna postihnuty disekciou,
ktora sa manifestuje ako tiahla
Spiralovita sten6za po lebecnu
bazu; 5. intrakranialny tsek

a. carotis interna, ktory uz nie je
postihnuty karotickou disekciou.
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Obr. 2 - CT angiografické vysetrenie karotického rieciska zobrazu-
juce disekciu intrakranialneho useku a. carotis interna. 1. A. carotis
communis; 2. extrakranialny usek a. carotis interna, ktory nie je po-
stihnuty disekciou; 3. intrakranialny usek a. carotis interna; 4. disek-
cia intrakranidlneho useku a. carotis interna, ktora sa manifestuje
ako zavazna stendza.

Obr. 3 CT angiografické vysetrenie karotického rieciska u pacienta
A zobrazujuce disekciu extrakranidlneho useku a. carotis interna. 1.
A. carotis communis; 2. odstupovy usek a. carotis externa; 3. odstu-
povy usek a. carotis interna, ktory nie je postihnuty stenézou/disek-
ciou; 4. extrakranialny usek a. carotis interna postihnuty disekciou,
ktora sa manifestuje ako tiahla Spirdlovita stenéza po lebe¢nt bazu.

Obr. 4 - CT angiografické vysetrenie karotického rieciska u pacien-
ta A zobrazujuce disekciu extrakranidlneho useku a. carotis interna
v modifikovanom koronarnom reze (nasledne spracovany obraz),
do ktorého su zapracované aj axialne rezy pre lepsiu ilustraciu po-
meru medzi pravym a faloSnym [imenom na jednotlivych trovniach
a. carotis interna distalnym smerom. 1. A. carotis interna; 2. odstu-
povy usek a. carotis externa. Modré kruhy s preruSovanou ¢iarou
zobrazuju teoreticky prierez a. carotis interna po jej adventiciu.
Modré Sipky znazorfiuju limen, ktory sa plni - ide o pravy limen
disekcie, falosny sa neplni.

Obr. 5 - Angiografické vysetrenie karotického rieciska zobrazujtce
disekciu extrakranialneho useku a. carotis interna u pacienta A. 1.
Odstupovy usek a. carotis interna; 2. usek a. carotis interna, ktory
je postihnuty stenézou/disekciou; 3. intrakranidlny usek a. carotis
interna, ktory uz nie je postihnuty karotickou disekciou.

Obr. 6 - Angiografické vysetrenie karotického rieciska zobrazujtce
vysledok po implantacii stentu do extrakranialneho useku a. carotis
interna u pacienta A. 1. A. carotis communis; 2. a. carotis externa; 3.
a. carotis interna; 4. stenty implantované do extrakranialneho use-
ku a. carotis interna; 5. a. cerebri media; 6. a. cerebri arterior.

Obr. 7 - CT angiografické vysetrenie karotického rieciska u pacien-
ta B zobrazujuce disekciu extrakranialneho tseku a. carotis interna
niekolko cm po odstupe az po lebecnu bazu. 1. A. carotis communis;
2. odstupovy usek a. carotis externa; 3. odstupovy usek a. carotis in-
terna, ktory nie je postihnuty stenézou/disekciou; 4. extrakranialny
usek a. carotis interna postihnuty disekciou, ktora sa manifestuje
ako stendza po lebec¢nu bazu.

Obr. 8 - Angiografické vysetrenie karotického rieciska v roznej faze
dotekania kontrastnej latky zobrazujuce disekciu extrakranialneho
useku a. carotis interna u pacienta B. 1. A. carotis communis; 2. od-
stupovy Usek a. carotis externa; 3. odstupovy Usek a. carotis interna,
ktory nie je postihnuty disekciou; 4. extrakranialny usek a. carotis
interna, ktory je postihnuty disekciou, modré Sipky ukazuju na di-
sekciu, ktora sa manifestuje ako tiahla preokluzivna stenéza s cha-
bym plnenim intrakrania; 5. intrakranialny usek a. carotis interna,
ktory uz nie je postihnuty karotickou disekciou.

Obr. 9 - Angiografické vysetrenie karotického rieciska zobrazujtce
vysledok po implantécii stentu do extrakranidlneho tseku a. carotis
interna u pacienta B. 1. Odstupovy usek a. carotis interna; 2. a. caro-
tis externa; 3. extrakranidlny usek a. carotis interna prekryty sten-
tom; 4. intrakranialny Usek a. carotis interna, ktory je bez disekcie;
5. a. cerebri media; 6. a. cerebri arterior.

Obr. 10 - Angiografické vysetrenie karotického rieciska u pacienta C
zobrazuijuce disekciu extrakranidlneho useku a. carotis interna. 1. A. ca-
rotis communis; 2. a. carotis externa; 3. usek a. carotis interna, ktory je
postihnuty disekciou, modré Sipky ukazuju na disekciu; 4. intrakranialny
usek a. carotis interna, ktory uz nie je postihnuty karotickou disekciou.

Obr. 11 - CT angiografické vysetrenie karotického rieciska u pacienta D
zobrazujuce kratku disekciu distalneho extrakranialneho useku a. ca-
rotis interna. 1. A. carotis communis; 2. odstupovy usek a. carotis exter-
na; 3. a. carotis interna; 4. kratky extrakranialny usek a. carotis interna
postihnuty disekciou, ktora sa manifestuje typickym dvojlumenom.
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intimalny flap, dvojlimen, intramuralny hematém, (iii)
intrakranialna disekcia potvrdena patolégom.*

Ultrazvukové vysetrenie cievneho systému prindsa
oproti klasickym zobrazovacim metédam ako napr. an-
giografia, CT angiografia alebo MR angiografia unikat-
nu moznost posudenia hemodynamickej zavaznosti lézie
meranim rychlosti priamo v |ézii za predpokladu, Ze je
mozné cielovu oblast cievy vysetrit ultrazvukovou son-
dou. Typické aterosklerotické lézie su zvycajne fokalne,
lokalizované proximalne, teda v odstupe a. carotis inter-
na, a su preto zvadsa velmi dobre pristupné pre ultrazvu-
kové vysetrenie. V pripade karotickej disekcie to uz tak
celkom neplati. Disekcie su lokalizované distalnejsie a po-
stihuju dlhsi usek tepny (nie fokalne).

Ultrazvukové vysetrenie v diagnostike disekcie karo-
tickych tepien je tak vyznamne limitované len na kratky,
proximalny, extrakranidlny usek, a nemusi tak zachytit
disekcie lokalizované distélnejsie, respektive celu dlzku
disekcie.

Medzi ultrasonografické znaky karotickej disekcie pri
jej priamej vizualizacii méZeme zaradit: chybajuca alebo
len mierna ateroskleréza (kalcifikaty); zhrubnutie steny
tepny nizkej echogenicity spésobené intramuralnym he-
matémom s prilahlym trombotickym materidlom, ¢o ve-
die k stendze tejto artérie; ,dvojity lumen” (ktory je ale
videny len zriedka).

Klinicka manifestacia

Klinickd manifestacia zavisi od lokalizacie disekcie, roz-
liSujeme tak symptémy extrakranidlnej a intrakranialnej
karotickej disekcie.

B Klinické prejavy EKD

Klinicky sa extrakranidlna disekcia zvycajne prejavuje
Llokalnymi” symptémami a znakmi, ktoré su zapric¢inené
utlakom okolitych Struktur. Patria medzi ne bolesti hlavy,
krku, Hornerov syndrém, obrna hlavovych nervov. Me-
dzi najzévaznejsie prejavy EKD patria prejavy cerebralnej
ischémie.

Bolest hlavy alebo bolest krku patri medzi najcastej-
Sie symptomy (65-95 % pripadov). Bolest hlavy spoje-
nd s EKD je zvycajne silnd. Ma charakter podobny mi-
grendznej bolesti, aj ked boli hlasené aj bolesti hlavy
charakteru ,cluster headache” (v preklade klastrova
bolest hlavy) a ,thunderclap headache” (v preklade
prudko nastupujuca — bleskovd bolest hlavy).**4" Hor-
nerov syndrém sa vyskytuje asi u jednej Stvrtiny pacien-
tov s EKD.*? Pulzujuci tinitus bol pozorovany asi u 8 %
pacientov s EKD.** Obrna hlavovych nervov komplikuje
priblizne 12 % pripadov extrakranialnej karotickej di-
sekcie,* pricom nervus hypoglossus je postihnuty naj-
Castejsie.®

Priblizne u dvoch tretin az troch Stvrtin pacientov v pu-
blikovanych sériach je EKD komplikovana aj cerebralnou
ischémiou (ischemickd cievna mozgova prihoda a TIA)
alebo zriedkavejsie ischémiou sietnice ¢i miechy."

B Klinické prejavy IKD

Medzi dva hlavné klinické prejavy IKD patri subarach-
noidalne krvacanie (asi u 50-60 % pacientov) a cerebral-
na ischémia (30-78 %), vynimocne oboje. Asi u 80 % pa-
cientov s IKD sa vyskytne prodromalna bolest hlavy.404¢

Liecba

Medzi liecebné mozZnosti ochorenia patri: systémova
trombolyticka liecba, antitromboticka liecba (antikoa-
gulacnad alebo antiagregacna) a endovaskularna (me-
chanicka trombektomia alebo karoticky stenting) alebo
chirurgicka revaskularizacia. Jednotlivé liecebné moznos-
ti sa m6zu kombinovat a ich volba je podmienend predo-
vietkym klinickou situdciou, teda ¢i je karotickd disekcia
pri¢inou ischemickej cievnej mozgovej prihody/TIA. Volbu
liecebnych moznosti dalej ovplyvriuje etiopatogenéza di-
sekcie a ¢asové hladisko. Nedavno Eurdpska organizacia
pre cievhe mozgové prihody (European Stroke Organiza-
tion, ESO) vypracovala komplexné odporucania manaz-
mentu extra- aj intrakranidlnej disekcie, ktoré je mozné
povazovat za prvé svojho druhu. Je viak nutné dodat, Zze
uvedené odporucania sa zameriavaju na spontannu karo-
ticku disekciu.

Spontanna karoticka disekcia

Liecba spontannej karotickej disekcie zavisi predovset-
kym od toho, ¢i je komplikovana akutnou ischemickou
CMP, a tiez od ¢asového okna.

@ Liecba pacientov so spontannou karotickou

disekciou a ischemickou CMP

Z casového hladiska, ako aj hlavnych uloh a cielov méze-
me lie¢bu tejto skupiny pacientov rozdelit na dve fazy:
faza emergentnej liecby a faza prevencie rekurencie CMP.

Emergentna liecha

Emergentnad liecba sa uskutocriuje v akutnej faze, do nie-
kolkych hodin od vzniku symptémov a znakov ischemic-
kej CMP. Je podobnd lietcbe a manazmentu ischemickej
CMP z inych pricin. Jej hlavnym terapeutickym cielom je
zmiernenie/odstranenie uz prebiehajucej akutnej moz-
govej ischémie. Na tento ucel je mozné pouzit systémovu
trombolyticku liecbu a endovaskularnu revaskularizaciu.

B Systémova trombolyticka liecha
Ak je casovy interval medzi vznikom tazkosti v zmysle is-
chemickej CMP a diagnostikou kratsi ako 4,5 hodiny, je
potrebné uvazovat o podani systémovej trombolytickej
liecby. Podanie trombolytickej liecby je okrem vyssie uve-
deného podmienené aj anatomickou lokalizaciou disekcie.
U pacientov s EKD navrhuje ESO podanie systémovej
trombolytickej liecby. IKD asociovana s akutnou ischemic-
kou CMP je zriedkavejsia a dékazy na poskytnutie odpo-
rdcania su nedostato¢né. Avsak na zaklade konsenzu od-
bornikov by sa u takychto pacientov malo zvazit podanie
systémovej trombolytickej liecby.3 Je mozné povedat, Ze
sa md vo veci ordindcie systémovej trombolytickej liecby
u pacientov s karotickou disekciou veducou k akutnej is-
chemickej CMP postupovat rovnako ako u pacientov s kaz-
dou inou ischemickou CMP.* Cielom systémovej trom-
bolytickej liecby je zmiernenie uz prebiehajucej akutnej
ischémie mozgu.

B Endovaskularna revaskularizacia

Pozostdva z endovaskularnych technik: mechanickej trom-
bektémie uzaveru velkej intrakranidlnej tepny (aspiracia
alebo stent retriever) a stentingu karotickej disekcie.
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Izolovana disekcia arteria carotis interna

Ak EKD vedie k ischemickej CMP a uzaveru velkej tepny
prednej cirkulacie (a. cerebri media alebo anterior), po-
tom je volba jednoducha, mé sa realizovat mechanicka
trombektémia (MTE) — samozrejme ak je dodrzané ¢asové
okno a dalSie podmienky indikacie MT ako pri kazdej inej
ischemickej CMP.*°

Nejasnou viak zostdva odpoved na otazku, ¢o v pripa-
de, ak sa jednd o tandémovu léziu, teda okluziu velkej
tepny prednej cirkuldcie a léziu karotidy (AClI) na podkla-
de EKD.

V roku 2020 bola publikovana studia (suhrnna analyza
TITAN a ETIS), ktord studovala bezpecnost a klinické vy-
sledky emergentného karotického stentingu u pacientov
s akutnou ischemickou CMP a tandemovou léziou. Karo-
ticky stenting bol pridavnou endovaskuldrnou terapeutic-
kou modalitou k mechanickej trombektémii intrakranial-
nej tepny u ¢asti pacientov v stibore. Studia nepreukazala
benefit emergentného karotického stentingu.

Autori vsak pripustaju, Ze emergentny karoticky sten-
ting by sa mohol zvazit najma v pripade rezidualnej stené-
zy extrakranialneho useku ACI vysokého stupria po intra-
kranidlnej revaskularizacii, nedostato¢nej priechodnosti
Willisovho okruhu alebo pri pritomnosti endoluminal-
neho trombu s embolizacnym potencidlom.?” Podobne,
aj iné novsie studie nepreukazali benefit emergentné-
ho stentingu karotickej disekcie ako pridavnej modality
k mechanickej trombektémii u pacientov s tandemovou
|éziou. 484

Podla nazoru expertov participujucich na tvorbe od-
porucani ESO je potrebné endovaskuldrne (stenting)
osetrit EKD u pacientov s akutnou ischemickou CMP
a tandemovou léziou len v pripade, ak je uzavreta velka
tepna prednej mozgovej cirkulacie a sucasne nepriechod-
ny Willisov okruh alebo v pripade rekurentnych embdlii.*®

Na vytvorenie odporucani pre manazment IKD u pa-
cientov s akutnou ischemickou CMP chyba dostatok do-
kazov, ale podla nazoru expertov sa ma endovaskularna
revaskularizacia lézie (stenting) realizovat len v hyper-
akutnej faze po zvdzeni pomeru risk/benefit na zaklade
lokalizécie a rizika krvacania.®

Prevencia rekurencie CMP
Zakladnou terapeutickou metédou v tejto faze je anti-
tromboticka liecba, ktord méze byt vhodne doplnend aj
revaskularizaciou v istych Specifickych klinickych situa-
ciach. Tato faza plynulo nadvéazuje na fazu emergentnej
liecby (ak bola realizovana).

U pacientov, ktori z nejakého dévodu nesplnili kritéria
pre indikaciu a realizaciu metéd emergentnej fazy liecby,
je prevencia rekurencie CMP samostatnou a hlavnou lie-
¢ebnou fazou.

B Antitromboticka liecha
Hlavnym cielom antitrombotickej, t.j. antikoagulacnej
alebo antiagregacnej liecby je znizenie rizika rekurencie
ischemickej CMP.

Odporucania tykajuce sa danej liecby sa opieraju
o dve $tudie: CADISS a TREAT-CAD. Studia CADISS (Cer-
vical Artery Dissection in Stroke Study) porovndvala ucin-
nost a bezpecnost antikoagula¢nej a antiagregacnej liec-
by u pacientov s akitnou symptomatickou (neurologické
priznaky/ischemickd CMP) EKD. Studia nepreukazala sta-

tisticky signifikantny rozdiel v miere recidivy ischemickej
CMP po 3 a 12 mesiacoch.>*>'

Studia TREAT-CAD porovnavala lie¢bu kyselinou ace-
tylsalicylovou a lie¢bu warfarinom u pacientov s akitnou
ischemickou CMP a EKD. Sledovanym ukazovatelom bola
skupina klinickych vysledkov (recidiva iCMP, velké krva-
canie a smrt), teda kumulativny ukazovatel. Efektivita
antiagregacnej alebo antikoagulacnej liecby v prevencii
kumulativneho ukazovatela bola hodnotend na zaklade
tzv. non-inferiority. Tato $tudia, na rozdiel od predoslej,
nepreukazala non-inferioritu kyseliny acetylsalicylovej
voci warfarinu.>?

Dolezitym poznatkom z oboch studii bola skuto¢nost,
Ze recidiva ischemickej CMP bola velmi nizka. Spolo¢nost
ESO vydala odporucania ohladom antitrombotickej lie¢-
by pacientov s akutnou symptomatickou EKD, ktoré plne
reflektuju nejednoznacny nazor na spdsob antitrombo-
tickej liecby, pretoze ponechdvaju volbu na oetrujiceho
lekara. Ak sa zvoli antikoagulacna liecba, méze sa podla
konsenzu odbornikov pouzit DOAK namiesto warfarinu.
Dostato¢né data k vytvoreniu odporucani pre manazment
intrakranidlnej symptomatickej disekcie chybaju, pre-
to nie je mozné vytvorit aj patricné odporucania. Avsak
podla konsenzu odbornikov sa ma v takomto pripade
preferovat antiagregacna liecba pred antikoagula¢nou.®

Nekonciacu dilemu volby najvhodnejsej formy anti-
trombotickej liecby u pacientov s karotickou disekciou
a ischemickou CMP sa pokausila vyriesit recentne publiko-
vana $tudia STOP-CAD.

Studia ukazala niZ3i vyskyt ischemickej CMP u pacien-
tov s neokluzivnou symptomatickou karotickou disekciou
liecenych antikoagulacnou liecbou - aj ked' bol statistic-
ky nevyznamny a Statisticky vyznamne nizsi vyskyt ische-
mickych CMP u pacientov s okluzivnou symptomatickou
karotickou disekciou lie¢enych antikoagula¢nou liecbou
v porovnani s antiagrega¢nou.’® Studia viak bola ihned
skritizovana za nespravny dizajn a zavery, nakolko sa
jednalo o retrospektivnu studiu a autori vyuzili inverznu
pravdepodobnost na hodnotenie liecby, o méze byt ne-
bezpecné v pripade retrospektivnej studie.>*

Otazka najvhodnejsej liecby u pacientov s akutnou
EKD po ischemickej CMP tak nadalej zostdva nezodpo-
vednd a je delegovand na zvazenie osetrujuceho lekara.
Mala by trvat minimalne 6-12 mesiacov. Nasledne by sa
mala ukoncit za predpokladu, Ze u pacienta nedoslo k re-
cidive ischemickej CMP a Ze je disekcia kompletne reka-
nalizovana.

V opa¢nom pripade by po uplynuti 6-12 mesacného
liecebného okna mala pokracovat dlhodobd mono-anti-
agregacna liecba.*

Americké odporucania z roku 2021 od dvoch spolo¢-
nosti AHA/ASA (American Heart Association/American
Stroke Association) odporucaju, podobne ako ESO, v pre-
vencii rekurencie ischemickej CMP u pacientov s EKD
komplikovanej CMP antitromboticku liecbu o trvani mi-
nimalne tri mesiace.>

B Revaskularizacia

Cielom revaskularizacie karotickej disekcie v subakutnej
faze (po skonceni emergentnej fazy liecby) je znizenie
rizika rekurencie ischemickej CMP. V pripade EKD je mie-
ra rekurencie po akutnej faze pomerne nizka, napriklad
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3,1 % medzi 3. a 6. mesiacom v kombinovanej studii
(CADISP + zmiesana francuzsko-svajciarska kohorta);®
2 % po 3 mesiacoch a 2,4 % po 1 roku v studii CADISS.>">7
Je vo vieobecnosti nizsia ako v pripade aterosklerotickych
lézii. Vzhladom na vyssie uvedené by sa podla konsenzu
odbornikov nemala rutinne realizovat revaskularizacia
rezidudlnej stendzy alebo disekujlcej aneuryzmy na pod-
klade EKD, a to ani endovaskuldrne, ani chirurgicky. Re-
vaskularizacia by sa mala obmedzit len na tieto situacie:
opakujuce sa ischemické prihody napriek optimalnej anti-
trombotickej liecbe, narast priemeru disekujtcej aneu-
ryzmy sposobujucej utlak okolitych struktur.>

Priblizne rok po zverejneni odporucani ESO bol pub-
likovany systematicky prehlad a meta-analyza o ulohe
stentingu karotickej disekcie.

Studia, okrem iného, hodnotila vysledky karotického
stentingu pomocou vybranych klinickych parametrov, t.j.
mortalita, cerebrovaskularna udalost (TIA alebo ischemic-
k& CMP), dobry funkcny stav hodnoteny ako mRS (mo-
difikovand Rankinova skala) 0-2 body medzi skupinou
pacientov s karotickou disekciou bez neurologickej sym-
ptomatolégie a skupinou pacientov s karotickou disek-
ciou a rekurenciou neurologickych symptémov napriek
inicializacii antitrombotickej liecby.%®

Mortalita bola podobna u oboch skupin avsak stento-
vanie po zlyhani farmakoterapie preukazalo superiérne
vysledky pre dobry funk¢ny stav (94,12 % vs. 88,46 %);
in-stent trombdzu (0 % vs. 5,24 %) a cerebrovaskularnu
prihodu (3,33 % vs. 5,02 % pre CMP) a (0 % vs. 2,72 %
pre TIA) oproti pacientom s EKD bez neurologickej sym-
ptomatolégie. Vysledky tejto prace kopiruju odporucania
ESO a su proti rutinnému stentovaniu karotickej disekcie.>®

Podobne, americké odporucania AHA/ASA z roku 2021
odporucaju zvazit karoticky stenting len u tych pacientov
s EKD a ischemickou CMP, u ktorych doslo k recidive ische-
mickej CMP napriek optimalnej antitrombotickej lie¢be.>
Americka spolo¢nost AHA v roku 2024 vydala dalsie ve-
decké stanovisko k manazmentu karotickej disekcie, pri-
¢om karoticky stenting v subakutnej faze by sa mal zvazit
len zriedkavo v pripade klinicky symptomatickej cerebral-
nej ischémie napriek maximalne vytazenej konzervativnej
medikamentéznej liecbe.>®

@ Liecba pacientov so spontannou karotickou
disekciou bez ischemickej CMP

Liecba tejto skupiny pacientov sa riadi rovnakymi cielmi,
principmi a postupmi ako faza prevencia rekurencie CMP
u pacientov s karotickou disekciou a ischemickou CMP.

Traumaticka karoticka disekcia

Optimalny manazment pacientov s traumatickou disek-
ciou je zriedkavo jednozna¢ny a zvycajne je potrebny
premysleny multidisciplinarny pristup. Oproti spontdnnej
karotickej disekcii je traumaticka spojena s urcitymi Spe-
cifikami. U pacientov s traumou su casto v popredi sym-
ptomy a znaky traumatickych lézii, karoticka disekcia tak
mobze byt lahko prehliadnutd. Navyse su takyto pacienti
Casto v bezvedomi alebo intubovani v celkovej anestéze.
Neurologicky deficit tak nie je mozné zhodnotit, o ma
za nasledok jednak prehliadnutie karotickej disekcie ako
aj prekrocenie ¢asového okna 3$pecifickej liecby — mecha-
nickej trombektémie. Navyse, liecba musi byt zohladnena

v kontexte celého rozsahu polytraumy. PouZitie antiag-
regacnej alebo antikoagulacnej liecby méze byt kompli-
kované krvacanim zo sprievodnych nevaskuldrnych po-
raneni. Spravna liecba tychto pacientov si ¢asto vyZzaduje
najdenie rovnovahy medzi léziami, ktoré maju protichod-
né stratégie manazmentu.

Zakladnymi prvkami manazmentu traumatickej disek-
cie karotidy su: (1) antitromboticka liecba na prevenciu
ischemickej cievnej mozgovej prihody, (2) pozorovanie
a (3) endovaskularna liecba vo vybranych pripadoch.

B Antitromboticka terapia

Tromboembolizmus je primarnym mechanizmom is-
chemickej cievnej mozgovej prihody u pacientov s trau-
matickou disekciou ACI, preto antitromboticka liecba
predstavuje zakladnu lieCebnu stratégiu. V rdmci antit-
rombotickej lietcby sa mozu pouzit antiagregancia aj an-
tikoagulancia. Antiagregancia ponukaju vyhody opro-
ti systémovej antikoagulacii jednoduchsim podavanim
a zda sa, Ze su aj relativne dobre tolerované u pacientov
s polytraumou. Navyse, antiagregancia maju teoreticku
vyhodu, pretoZe aktivacia krvnych dosticiek je vyznam-
nou zlozkou protrombotického stavu spojeného s tupou
traumou. Antitromboticka lie¢ba nesporne znizuje riziko
cievnej mozgovej prihody aj mortalitu.

Na druhej strane moze zvysovat riziko krvacania najma
pri poraneni mozgu a solidnych orgdnov. Toto riziko sa
vsak zda relativne nizke oproti vyhodam, ktoré tato liec-
be prinasa.eo-64

B Mechanicka trombektémia

Endovaskularne odstranenie trombu z intrakranidlnych
tepien je potrebné zvaZovat u pacientov s ischemickou
CMP, traumatickou disekciou karotidy a intrakranialnym
uzdverom tepny, ak su splnené c¢asové, anatomické a kli-
nické kritéria, nakolko je podanie systémovej trombolyzy
u pacientov s traumou nemozné.s%-64

B Stenting
Rutinnd implantédcia stentu ako pridavna liecba k anti-
trombotickej terapii traumatickej disekcie ACl sa v pre-
vencii ischemickej CMP neodporuca. Implantédcia stentu
je podmienend podavanim dudlnej antiagregacnej liecby
¢o zvysuje riziko krvacania. Mono-antiagregacna liecba
zasa zvysuje riziko trombdzy stentu s ndslednou rozsiah-
lou mozgovou ischémiou. Stenting traumatickej karotic-
kej disekcie sa moze zvazit u: (i) pacientov s opakujucimi
sa symptomami napriek medikamentoznej liecbe, (ii) pa-
cientov s hemodynamickou hypoperfuziou (postihnutim
viacerych ciev alebo slabym kolateralnym obehom), (iii)
pacientov s expandujucou alebo symptomatickou pseu-
doaneuryzmou.50-64

Obrazok 12 schematicky znazorriuje manazment izolo-
vanej karotickej disekcie v jednotlivych krokoch. Tabulka
2 zobrazuje indikacie k stentingu disekcie extrakranialne-
ho useku a. carotis interna.

Prognodza a prirodzeny priebeh disekcie

Ak ma EKD charakter stendzy, potom dochadza ¢asom
k redukcii zdvaznosti stenézy — remodelacii alebo ku
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Ano Nie Nie Ano

CMP
Nie

< ako 4,5 hod.
od vzniku
symptémov?

Uzaver ACA
alebo ACM na
vstupnom CTA?

Nie

Systémova
trombolyza

Uzaver ACA
alebo ACM na
vstupnom CTA?

Ano < ako 6 hod.
od vzniku

symptémov?

Nie

Ano | < ako 6 hod.
od vzniku

symptémov?

Splnené podmienky
na emergentny CAS?

f Antitromboticka l

| liecba
CMP (nové/dalsia napriek liecbé?) v priebehu 6-12 mesiacov + splnené
podmienky stentovania karotickej disekcie v subakutnej faze?
Ano ! Nie

CAS Ukondit liecbu

Obr. 12 - Schematicky manazment izolovanej disekcie extrakranialneho useku a. carotis interna. ACA - a. cerebri anterior; ACM - a. cerebri
media; CAS - karoticky stenting; CMP - cievna mozgova prihoda; CTA - CT angiografia; MTE — mechanicka trombektémia.

Tabulka 2 - Indikacie k stentingu disekcie extrakranialneho useku a. carotis interna

Karoticky stenting spontannej karotickej disekcie v emergentnej faze*47-+

e \VVyznamna rezidualna stendza extrakranialneho Useku karotidy po intrakranidlnej revaskularizacii (MTE)*"48
e Endoluminalny trombus s emboliza¢nym potencidlom?”:4

e Nedostato¢na priechodnost Willisovho okruhu®

e Uzaver velkej tepny prednej cirkulacie (ACA, ACM) a sucasne uzaver vnutornej karotidy (na podklade disekcie) pri
nepriechodnom Willisovho okruhu alebo v pripade rekurentnej embdlie (odporucanie zalozené na ,, Konsenzudlnej
dohode”)*

Karoticky stenting spontannej karotickej disekcie po emergentnej faze3®55585°

U pacientov s rezidualnou stenézou po disekcii alebo s disekujicou aneuryzmou a/alebo:

¢ S opakujucimi sa ischemickymi prihodami napriek optimalnej antitrombotickej liecbe

(trieda odporucani: 2b, uroven dokazov: C podla AHA/ASA 2021)>

(Kvalita dokazov: Velmi nizka +; Sila odporucania: —; odporucanie zalozené na , Konsenzualnej dohode odbornikov*)3*

e S narastom priemeru disekujucej aneuryzmy spésobujucej utlak okolitych Struktar
(Kvalita dokazov: Velmi nizka +; Sila odporucania: —; odporucanie zalozené na ,, Konsenzudlnej dohode odbornikov”)3*

Stenting traumatickej karotickej disekcie v subakutnej faze®-4
e Opakujuce sa symptdmy CMP napriek medikamentéznej liecbe
¢ VVyznamnda hemodynamicka hypoperfuzia (postihnutie viacerych ciev alebo slaby kolateralny obeh)

e Expandujuca alebo symptomaticka pseudoaneuryzma

ACA - a. cerebri anterior; ACM - a. cerebri media; AHA/ASA - American Heart Association / American Stroke Association; CMP - cievna
mozgova prihoda; MTE — mechanicka trombektémia.
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kompletnej rekanalizacii (vyhojeniu) v 33-90 % pripadov
v priebehu 6 mesiacov od vzniku disekcie.®>® EKD cha-
rakteru kompletného uzaveru sa méze spontanne zre-
kanalizovat (vyhojit) asi v 30-60% pripadov v priebehu
6 mesiacoch, medidn su asi 4 mesiace,®” pricom hojenie
disekcie méze prebiehat az do 12 mesiacov od jej vzniku.
Po tomto intervale je uz vyhojenie raritné.®®

Disekujuca aneuryzma je dalSou komplikaciou karo-
tickej disekcie, ktord moze kompletne zaniknut alebo
sa moze zmensit u 40-50 % pacientov, ale moéze dojst aj
k zvacseniu.>7° V studii CADISS bola jej incidencia 14,5 %
po 3 mesiacoch.”” V priebehu dalSieho sledovania sa vy-
skyt zvysuje na 19,4 % pri medidne 6 mesiacov.”

Disekujuca aneuryzma karotickej tepny ma benignu
prognézu®’7° a nie je spojena so zvysenym rizikom recidi-
vy CMP alebo ruptury.”

Zaver

Karoticka disekcia je zavazné ochorenie pre riziko rozvoja
ischemickej cievnej mozgovej prihody, a to najma u mla-
dych pacientov. Jej manazment si preto vyZaduje skuse-
nych odbornikov. Zakladnym terapeutickym pilierom je
antitrombotickd (antiagregacna alebo antikoagulacnd)
liecba u vsetkych pacientov postihnutych karotickou di-
sekciou. Systémova trombolytickd liecba a endovasku-
larna mechanickd trombektémia intrakranidlnych vetiev
a. carotis interna je indikovana v emergentnom rezime
u pacientov s karotickou disekciou komplikovanou is-
chemickou CMP, ak su splnené vietky indikacné kritéria
k danej lie¢be (¢asové, klinické, zobrazovacie). Karoticky
stenting sa u pacientov s karotickou disekciou nema vy-
konavat rutinne, ale len v $pecifickych indikaciach (klinic-
kych situaciach), a to ani u pacientov s karotickou disek-
ciou komplikovanou ischemickou CMP.

Prehlasenie autorov o moznom stretu zaujmov
Autori prehlasuju, Ze nemaju ziaden konflikt zdujmu ty-
kajuci sa tohto ¢lanku.

Financovanie
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ABSTRACT

The LACE index is a predictive tool used in healthcare to estimate the risk of hospital readmission for pa-
tients who have been discharged from the hospital. LACE stands for length of stay, acuity of admission,
comorbidity burden, and emergency department (ED) visits. It is a simple scoring system that assigns points
to each of these four factors based on their presence and severity and then sums up the points to calculate
the LACE index score. The LACE index is often used by healthcare providers to identify patients who may be
at higher risk of being readmitted to the hospital after discharge. By identifying patients with higher LACE
scores, healthcare providers can potentially intervene and provide additional support or resources to help
prevent readmission. The LACE index can be useful in guiding care transitions and discharge planning and
can be incorporated into clinical decision-making processes to optimise patient outcomes. The total score
calculated from the LACE index can be used to stratify patients into different risk categories, such as low,

Keywords: moderate, or high risk of hospital readmission. This information can help healthcare providers prioritise
Comorbidity burden interventions and allocate resources effectively to prevent hospital readmissions and improve patient care.
Hospital readmission However, it's important to note that the LACE index is just one tool among many, and clinical judgement
LACE index and individualised assessment of cardiovascular patients should also be considered in making care decisions.
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Introduction

Canada, Australia, and the UK employ the US-created
readmission rate figure for quality and cost reduction.
The Affordable Care Act’'s (ACA's) Hospital Readmission
Reduction Programme (HRRP) penalises 30-day readmi-
ssion rates over the US average. Local healthcare quali-
ty improvement may lower readmission rates and save
money, benefiting the global economy. More advanced
methods are needed to predict readmission risk before
discharge."? Unexpected hospital readmissions are costly.
30-day unplanned readmission shows the initial method
failed. The Centers for Medicare and Medicaid Services
(CMS) reports $17 billion in hospital readmissions. CMS
included chronic disorders with high hospitalisation rates
in the 2010 Hospital Readmission Reduction Programme
(HRRP).3

Several methods predict readmissions.>* The US and
Canada use LACE extensively. The LACE score predicts
30-day readmission or death for medical and surgical
patients. Administrative data confirmed the model. Acu-
ity, duration, comorbidities, and six-month Emergency
Department (ED) visits are included. 30-day readmission
risk is 0-19 and 10+.3 High scores predict rehospitaliza-
tion. Straightforward, therapeutically helpful.>® 30-day
unplanned readmissions assessed acute care quality. UK
hospitals needed emergency readmission 28 days fol-
lowing discharge.”® The Western Australian Ministry of
Health judged quality by unplanned 30-day surgical and
all-cause hospital readmissions." Its application to diverse
populations and locations is unknown.

South Korea’s healthcare system is shown in the un-
planned 30-day readmission after hospital discharge.’?
Nonetheless, mortality and administrative statistics can
be used to calculate the readmission rate. As a result, the
use of the LACE index has increased. Quality and cost de-
pend on the 30-day hospital readmission risk prediction.
In our opinion, we have not previously found a review
of all cardiovascular diseases in the literature. Therefore,
we addressed the value of the LACE score in determining
mortality and readmissions in all cardiovascular diseases
with this review.

Heart failure (HF)

Readmission plagues American hospitals. Medicare and
Medicaid increasingly prioritise readmission rates, tre-
atment quality, and cost. 15% of Medicare-covered hos-
pital patients are readmitted within 30 days, costing $15
billion, according to the Agency for Healthcare Research
and Quality. Addressing and predicting HF readmission,
a primary cause of over 65 hospital admissions, reduces
cost, morbidity, and death.’'*

Hospital Score, LACE index, and LACE+ index are vali-
dated readmission prediction measures; however, little
research has explored their usage in HF patients. Yazdan-
Ashoori et al. found higher LACE index scores predicted
30-day HF readmission when the threshold was increased
to 13. Australian researchers developed a 30-day read-
mission prediction model for HF with preserved ejection
fraction (HFpEF) and HF with reduced EF (HFrEF) patients.

Clinical, administrative, sociodemographic, and mental
health data were modelled.’>'®

Van Walraven et al.® created and verified LACE. The
Ontario population-based LACE+ index was more dis-
criminating than the LACE index (C-statistic 0.771, 95%
Cl 0.767-0.775). The LACE+ score did not predict brain
tumour patients’ 30-day readmissions. Brain tumour pa-
tients with the LACE+ score had limited specificity for
30-day readmission (C-statistic = 0.58). HFpEF and brain
tumour patients reported similar results. Certain group-
ings may not be predicted by LACE+.":'®

ED visits predicted readmissions. ED visits may increase
readmissions. They may have greater chronic illnesses.
Chronic disease increases ED visits, hospital admissions,
and hospitalisations. Extreme age may cause it. Age,
Charlson Comorbidity Index (CCl) score, and hospital stay
did not impact readmission. Myocardial infarction (Ml)
and peripheral vascular disease (PVD) patients reported
more hospital readmissions due to chronic illnesses. Medi-
care data suggests diabetes, MI, PVD, and stroke may
predict congestive HF (CHF) readmissions. Ml and CHF in-
creased readmissions. Both chronic disorders typically co-
exist.”2% Wang et al.* observed that the LACE score may
not properly predict 30-day CHF readmissions. High-risk
CHF readmissions may be associated with frequent ED vis-
its, Ml, or PVD.

Acute myocardial infarction (AMI)

Acute coronary syndrome (6.4%) was the most common
index diagnosis in the initial LACE investigation, and the
30-day all-cause unplanned readmission and mortality
rate was 6.0%. The most common index procedure was
angioplasty or coronary artery bypass graft surgery (4.6%
prevalence), with a 4.6% 30-day all-cause unplanned
readmission and mortality rate. Rates may vary accor-
ding to stable angiography patients. So, this apparently
healthier group may explain the lower AMI readmission
rate.3%

Duration of stay and number of ED visits in the pre-
ceding 6 months drove the logistic regression analysis of
LACE index factors. These findings confirm recent studies
suggesting that a few fundamental factors may predict
complex outcomes like readmission after nonemergent
noncardiac surgery. Prediction models may not work in
homogenous populations with comorbidities like the
Charlson Index. In the prior experiment (with a more het-
erogeneous cohort), dementia and acquired immunode-
ficiency syndrome (AIDS) were more common, while this
research found few cases. The Charlson Comorbidity In-
dex may have been better.?

Labrosciano et al. discovered that the LACE score pre-
dicted post-AMI readmission in angiography patients.
Length of stay and past 12-month ED encounters best
predict 30-day all-cause unplanned readmission (and
combined readmission and death). These two traits are
simple to detect and may help doctors identify patients
at greater risk of readmission and give extra care, treat-
ments, and therapy to reduce readmissions and deaths,
but larger samples are needed to see whether they con-
sistently predict readmission.?
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Pulmonary embolism

The LACE index may be used as a tool to assess the risk
of readmission or death within 30 days after discharge
for patients who have been hospitalised for pulmonary
embolism, along with other relevant clinical information.
However, the LACE index should be used in conjunction
with clinical judgement and other assessment tools to
make appropriate healthcare decisions for individual pa-
tients. It is always important to consult with a qualified
healthcare professional for an accurate assessment and
management of patients with pulmonary embolism or
any other medical condition.

Stroke

The LACE index is not typically used in the context of as-
sessing patients with stroke. For stroke, there are other
risk prediction tools that are more commonly used, such
as the CHADS, and CHA,DS,-VASc scores, which are used
to estimate the risk of stroke and guide anticoagulation
therapy in patients with atrial fibrillation, a common risk
factor for stroke. The LACE index, which stands for length
of stay, acuity of admission, comorbidity, and emergen-
cy department visits, is specifically designed for patients
with CHF and is not directly applicable for assessing the
risk of stroke or stroke-related outcomes. Stroke risk as-
sessment typically involves evaluating factors such as age,
sex, hypertension, diabetes, smoking status, prior history
of stroke or transient ischemic attack (TIA), and other re-
levant clinical information to determine the risk of stroke
and guide appropriate management strategies.

Diabetes

The LACE index is not typically used in the context of as-
sessing patients with diabetes. There are other risk pre-
diction tools that are commonly used in the management
of diabetes, such as the American Diabetes Association
(ADA) Risk Calculator, which estimates the risk of deve-
loping diabetes in the next 5 years based on factors such
as age, sex, body mass index (BMI), family history of dia-
betes, blood pressure, and others. In the management of
diabetes, healthcare professionals also use various other
tools, guidelines, and clinical judgment to assess and ma-
nage patients, including glycemic control, blood pressure
management, lipid management, lifestyle modifications,
and other relevant interventions based on individual pa-
tient characteristics and clinical considerations.

Peripheral vascular disease

It may not be directly applicable to assessing patients
with vascular disease, as it is specifically designed for CHF.
Vascular disease refers to a group of conditions that affect
the blood vessels, including arteries and veins, throu-
ghout the body. This can include conditions such as PVD,
carotid artery disease, aortic aneurysm, deep vein throm-
bosis (DVT), and others. In the management of vascular

disease, healthcare professionals may use other specific
risk assessment tools and guidelines that are relevant to
the specific condition being evaluated. For example, in
the case of PAD, the Fontaine or Rutherford classification
systems may be used to assess the severity of the disease
and guide management decisions. In the case of carotid
artery disease, the degree of stenosis (narrowing) of the
carotid artery, as determined by imaging studies such as
carotid ultrasound or angiography, is often used to deter-
mine the risk of stroke and guide management decisions.

Recent studies

LACE index values of 4 are related to higher COVID-19
hospital admissions and deaths, consistent with non-CO-
VID-19 studies. COVID-19 patients have a greater risk. As
it predicts mortality, the LACE score should identify high-
-risk COVID-19 patients.?® Unplanned 30-day readmission
after stroke was increased in high LACE+ index groups.
This verifies the LACE+ stroke readmission prediction
approach.?’ Cho et al.?® showed that national cohort data
may identify older people at high risk for all-cause mor-
tality using the LACE score. These findings influence post-
-discharge patient management.

The HOSPITAL score and LACE index predicted 30-day
and 1-year death in older multimorbid polypharmacy
patients. These simple parameters may predict post-
hospitalisation mortality in older multimorbid people.?
Belouali et al.*® identified social determinants of health
variables that governments and healthcare systems might
address to prevent readmissions. Sun et al.?' discovered
that only specific comprehensive geriatric assessments,
mobility disabilities, and gender components indepen-
dently predicted readmission. LACE and HOSPITAL scores
did not discriminate 30-day hospitalisation in all and sub-
group participants. To predict 30-day readmissions, this
patient sample requires additional identifiers.

LACE and HOSPITAL readmission risk-prediction algo-
rithms performed comparably in a diverse patient co-
hort at two university medical centres in Houston, Texas.
These readmission risk factors may help identify in-house
patients at high risk for readmission, so early intervention
resources may reduce unplanned readmission.?? Regmi et
al.®® discovered that the HOSPITAL score and the RAHF
scale predicted 30-day readmissions differentially in HF
patients by race and gender, while the LACE index did
not. Borja et al.>* discovered the LACE+ score may predict
30- and 90-day readmissions after single-level lumbar fu-
sion.

The LACE score predicts recurrent hospitalisations and
short- and medium-term mortality after hospital dis-
charge, particularly in younger adults.®* LACE scores indi-
cate hospital readmission-prone youth. LACE index scores
above 4 reduce readmissions.*® The upgraded LACE-Crani-
al model predicts short-term postdischarge mortality and
readmissions better than the unmodified LACE index.>
Lin et al. recommended giving non-linear classification al-
gorithms greater attention since they produce large risk
score discrepancies.® The EQ-5D-3L mobility, self-care,
and total sum scores improve the LACE index 30-day read-
mission prediction and are associated with readmissions
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Table 1 - The main topic points of recent studies

Reference no. Authors

Subjects

[26] Fluck et al. COVID-19 patients

[27] Jun et al. Stroke patients

[28] Cho et al. A nationwide
population-based study

[29] Aubertetal. Older patients

[30] Belouali et al. Patients

[31] Sun et al. Older Adults

[32] Jones et al. Patients

[33] Regmi et al. Heart failure patients

[34] Borja et al. Patients with complete
information who
underwent single-level,
posterior-only lumbar
fusion

[35] Heppleston Patients

et al.

[36] Han et al. Children

[37] Jinetal. Patients undergoing
cranial neurosurgery

[38] Lin et al. Taiwan population

Main theme

LACE index values of 4 are related to higher COVID-19 hospital admissions
and deaths, consistent with non-COVID-19 studies. As it predicts mortality,
the LACE score should identify high-risk COVID-19 patients.

Unplanned 30-day readmission after stroke was increased in high LACE+ index
groups. This verifies the LACE+ stroke readmission prediction approach.

National cohort data may identify older people at high risk for all-cause
mortality using the LACE score. These findings influence post-discharge
patient management.

The HOSPITAL score and LACE index predicted 30-day and 1-year death in
older multimorbid polypharmacy patients. These simple parameters may
predict post-hospitalisation mortality in older multimorbid people

Social determinants of health variables that governments and health systems
might address to prevent readmissions.

LACE and HOSPITAL scores did not discriminate 30-day hospitalisation in all
and subgroup participants. To predict 30-day readmissions, this patient samp-
le requires additional identifiers.

LACE and HOSPITAL readmission risk-prediction algorithms performed
comparably in a diverse patient cohort at two university medical centres in
Houston, Texas. These readmission risk factors may help identify in-house
patients at high risk for readmission, so early intervention resources may
reduce unplanned readmission.

The HOSPITAL score and the RAHF scale predicted 30-day readmissions diffe-
rentially in HF patients by race and gender, while the LACE index did not.

The LACE+ score may predict 30- and 90-day readmissions after single-level
lumbar fusion.

The LACE score predicts recurrent hospitalisations and short- and medium-
term mortality after hospital discharge, particularly in younger adults.

LACE scores indicate hospital readmission-prone youth. LACE index scores
above 4 reduce readmissions.

The upgraded LACE-Cranial model predicts short-term postdischarge mortality
and readmissions better than the unmodified LACE index.

Non-linear classification algorithms greater attention since they produce large
risk score discrepancies.

and death.?® The primary care provider’'s (PCP’s) judge-
ment outperforms the LACE score in identifying high-risk
readmission patients. This score may help PCPs identify
discharged patients who require more intensive follow-
up.* The main topic points of recent studies were shown
in Table 1.

Conclusion

Many models predict hospital readmissions. The easy-to-
-use LACE index discriminates effectively. Therefore, we
carried out an updated review of the use of the LACE
score to predict mortality and readmission in cardiovascu-
lar diseases. Our review addressed firstly the value of the
LACE score in determining mortality and readmissions in
all cardiovascular diseases. Value-based medical care hos-

pitals may employ the LACE index. This study will help he-
althcare workers avoid 30-day readmissions by revealing
the most effective strategies.
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Kontext: Pro akutni ischemii koncetin (acute limb ischemia, ALI) je charakteristicka nahla ztrata pritoku krve
v dolnich koncetinach v disledku embolie nebo trombdzy. Lécba ALl je nesmirné dulezita, protoze popsany
stav maze vést k tézkym komplikacim vcetné ischemicko-reperfuzniho poskozeni (IRI) béhem revaskulari-
zacniho vykonu. Pfi IRl dochézi ke slozitym funkénim a strukturalnim zménam po obnové pratoku krve,
vedoucim k rozvoji zdnétu a k oxida¢nimu stresu. Tyto patologické procesy mohou zhorsit poskozeni tkéni
a branit zotaveni. Ukazalo se, Ze pentoxifylin by mohl dobfe slouzit jako potencialni Iék diky jeho schopnosti
zlepsit pratok krve a snizit zanétlivou odpovéd.
Cil: Tento prehled literatury se zabyva Ulohou pentoxifylinu (PTX) pfi zmirfiovéni ischemicko-reperfuzniho
poskozeni spojeného s akutni ischemii koncetin jako stavu vyznamné ztéZujiciho stanoveni prognézy a zhor-
sujiciho preziti.
Metody: Tento prehled je syntézou poznatkl z cetnych preklinickych a klinickych studii zkoumajicich
ochranné ucinky PTX v riznych modelech IRI. Mezi primarni mechanismy ucinku patfi inhibice tvorby faktoru
aktivujiciho krevni desticky (platelet-activating factor, PAF), tlumeni zanétu a zlepSovani hemoreologickych
parametrd, které dohromady posiluji mikrocirkulaci béhem reperfuze.
Vysledky: Pomoci modell ischemie kosterniho svalu a mozku se prokazalo se, Ze PTX u¢inné omezuje nek-
rézu tkani a zlepsuje vysledny stav. Navic se ukazalo, ze PTX omezuje poskozeni plic v dGsledku IRI. Tento
prehled rovnéz vyzdvihuje potencidlni prinos kombinacni 1écby, zvlasté ve spojeni s antioxidancii jako vita-
minem C, kterd muZze dale posilit ochranné ucinky PTX.
Zavéry: Pentoxifylin tak predstavuje slibny Iék pro prevenci reperfuzniho poskozeni po ischemickych pfiho-
dach, jako je ALI. Nicméné - aby bylo mozno optimalizovat jeho vyuziti a potvrdit jeho tGcinnost u rdznych
lidskych populaci - je zapotiebi dalsich klinickych studii.

© 2025, CKS.

ABSTRACT

Background: Acute limb ischemia (ALl) is characterized by a sudden loss of blood flow to the lower limbs,
often resulting from embolism or thrombosis. Management of ALl is critical, as it can lead to severe compli-
cations, including ischemia-reperfusion injury (IRI) during revascularization procedures. IRl involves complex
functional and structural changes following restoration of blood flow, leading to inflammation and oxida-
tive stress. These pathological processes can exacerbate tissue damage and impede recovery. Pentoxifylline
has emerged as a potential therapeutic agent due to its ability to improve blood flow and reduce the infla-
mmatory response.

Aim: This literature review investigates the role of pentoxifylline (PTX) in reducing ischemia-reperfusion
injury associated with acute limb ischemia (ALI), a condition that poses significant challenges to prognosis
and survival.

Methods: This review synthesizes findings from multiple preclinical and clinical studies examining the pro-
tective effects of PTX across different models of IRI. The primary mechanisms of action include inhibition of
platelet-activating factor (PAF) production, reduction of inflammation, and enhancement of hemorheologi-
cal properties, which collectively improve microcirculation during reperfusion.

Results: PTX has demonstrated efficacy in reducing tissue necrosis and improving outcomes in models of
skeletal muscle and cerebral ischemia. In addition, it has been shown to reduce lung damage from IRI. This
review also highlights the potential benefits of combination therapy, particularly with antioxidants such as
vitamin C, which may further enhance the protective effects of PTX.

Conclusions: Pentoxifylline shows promise as a therapeutic agent to prevent reperfusion injury after ische-
mic events such as ALl. However, further clinical trials are needed to optimize its application and confirm its
efficacy in human populations.
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Introduction

Acute limb ischemia (ALI) is a lower extremity ischemia that
occurs suddenly and has a poor prognosis, not only in the
extremities but also in survival. According to research in the
UK, the incidence of embolism, thrombosis due to occlusive
atherosclerotic lesions, and stent or graft-related thrombo-
sis is quite high." Speed and accuracy in establishing and ma-
naging are the keys to successful ALl management. ALl can
be classified based on clinical findings and Doppler ultra-
sound results from related blood vessels. Management can
be given according to the ALI classification, ranging from
heparinization, revascularization with thrombolytic agents,
endovascular management, and surgery to amputation. In
revascularization management, side effects are not unco-
mmon, namely vascular reperfusion injury, also known as
ischemia-reperfusion injury (IRI).

IRl is a term used to describe functional and structural
changes that appear during the recovery of blood flow
after a period of ischemia. This may occur as a result of
a vicious cycle of vascular, endothelial and mitochondrial
dysfunction, with reduced local perfusion, intense dysfunc-
tional changes, edema and many other implications lead-
ing to the release of proinflammatory cytokines and free
radicals.2® This occurs after ischemic tissue is reperfused,
the influx of molecular oxygen catalyzes xanthine oxidase
to degrade hypoxanthine to uric acid and thereby release
the highly reactive superoxide anion (O%*). The main conse-
quence of hydroxyl radical production is peroxidation of the
lipid structure of the cell membrane resulting in the produc-
tion and release of systemic proinflammatory eicosanoids,
impaired cell permeability and ultimately cell death.? Pent-
oxifylline (PTX), a nonspecific phosphodiesterase deriva-
tive of xanthine, has emerged as a promising agent that
can attenuate the inflammatory response through several
mechanisms.* This drug improves blood flow by reducing
viscosity and enhancing red blood cell flexibility.> Pentoxifyl-
line, a non-selective phosphodiesterase inhibitor, has been
extensively studied for its potential to mitigate reperfusion
injury following ischemic events. This literature review syn-
thesizes findings from various studies focusing on the ef-
fects of pentoxifylline in different models of IRI.

Acute limb ischemia

Acute limb ischemia (ALI) is a rapid reduction in lower
limb blood flow due to acute occlusion of a peripheral

artery that can result in amputation, regardless of the
underlying cause unless appropriate treatment is provi-
ded." Acute limb ischemia occurs as a result of an acute
(<2 weeks) reduction in blood supply.®” ALl is a vascular
emergency and requires rapid revascularization with an
endovascular, surgical, or hybrid approach to avoid limb
loss. Sudden ischemia affects all the metabolically active
tissues of the limb including skin, muscles, and nerves.

ALl is most commonly caused by arterial thrombosis
due to plaque development and complications which ac-
count for 40% of total events, followed by arterial embo-
lism (30%), graft thrombosis (20%), popliteal aneurysm
thrombosis (5%) and trauma (5%).8

The classic term for ALl patients is known as the “6 Ps”:
pain, pallor, paralysis, pulse deficit, paresthesia and poi-
kilothermia are important keywords for detecting ALL.®
Steps for emergency diagnosis are described, emphasiz-
ing the role of clinical and imaging data, especially duplex
ultrasonography, CT angiography, and digital subtraction
angiography. Rutherford criteria are used to assess the
severity of ALI (Table 1).

A wide range of therapeutic techniques ranging from
pharmacological thrombolysis to interventional tech-
niques to surgical revascularization and minor or major
amputation if necessary.® After the diagnosis of AL, intra-
venous injection of unfractionated heparin (50-100 units/
kg) is given immediately to prevent the development of
secondary thrombosis if heparin is not contraindicated.
ALI with a severity classification of Ill is irreversible isch-
emia and requires amputation. Patients with extensive
ischemia due to high occlusion and when time has passed
since onset, have a high risk of severe ischemia-reperfu-
sion injury; thus, amputation of the limb may be neces-
sary to prioritize the patient’s life.!

Reperfusion injury

Ischemia-reperfusion injury is an event where reperfusion
can worsen cell damage that has been caused by ische-
mia. Some of the most common pathologies that result
in ischemia are sepsis, cerebral infarction, acute coronary
syndrome, organ transplantation, and limb injury. A sud-
den increase in blood and oxygen flow after revasculari-
zation can trigger activation of the inflammatory proce-
ss, release of cytokines, and result in further damage to
cells and their membranes. The organs usually involved
in vascular reperfusion injury are the heart, brain, liver,

Table 1 - Stages of acute limb ischemia based on Rutherford classification™

Stage Prognosis
| Limb viable, not immediately threatened
Limb marginally threatened, salvageable
lla .
if promptly treated
m Limb immediately threatened, salvageable

with immediate revascularization

Limb irreversibly damaged, major tissue loss

] O
or permanent nerve damage inevitable

Findings Doppler signal
Sensory loss Muscle Arterial Venous
weakness
None None Audible Audible
Minimal (toes) None Often Audible
inaudible
More than toes, Mild or Inaudible Audible
pain at rest moderate
Profound, Paralysis Inaudible Inaudible
anesthetic (rigor)
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Fig. 1 - Pentoxyfilline pathway to prevent reperfusion injury.

skeletal muscle, intestines and kidneys, leading to sys-
temic inflammation, ending in multiorgan failure. In
some cases after revascularization, the phenomenon of
“second hit” where greater damage occurs to cells and
membranes that have been damaged often occurs. Early
revascularization must be performed to prevent reper-
fusion injury.

Injury mechanisms involved in vascular reperfusion
a include increased generation of reactive oxygen spe-
cies, vasoconstriction of microvasculature, adhesion and
activation of neutrophils to the endothelial layer, and re-
lease of cytokines. Ischemia results in a lack of oxygen,
glucose, and other substances needed for metabolism
resulting in anaerobic mitochondrial glycolysis which
produces two molecules of adenosine triphosphate (ATP)
and lactic acid, which results in a decrease in tissue pH,
which then acts through negative feedback to inhibit fur-
ther ATP production. Ischemia induces the expression of
a large number of genes, which play a role in the tissue
response to ischemic damage including activating several
genes, in particular transcription factors, including acti-
vating protein-1 (AP-1), hypoxia-inducible factor-1 (HIF-1)
and nuclear factor-kappa B (NF-«B).3

IRl induce the expression of various cytokines, includ-
ing tumor necrosis factor-alpha (TNF-a), interleukin-1
(IL-1), interleukin-6 (IL-6), interleukin-8 (IL-8) and platelet-
activating factor (PAF). TNF-a is a potent chemoattractant
and early response cytokine produced by activated mac-
rophages, monocytes, T lymphocytes, natural killer cells
and fibroblasts that then induces the expression of IL-1,
IL-6, IL-8, and PAF. Several studies in animal models have
demonstrated the potential of TNF-a blockade as a thera-
peutic modality to reduce the severity of IRI.2

Decreases platelet

adhesion

Xanthine oxidase shows different distribution and sus-
ceptibility to oxidant-mediated IRI. Inhibition of xanthine
oxidase activity, prior to ischemia, reduces superoxide
production and thereby reduces the severity of reperfu-
sion injury in animal models. Results in humans are also
promising.3

Pentoxifylline

Pentoxifylline is a methylxanthine derivative and phos-
phodiesterase inhibitor (PDEi) with potent hemorheolo-
gical properties. Pentoxifylline therapy produces various
physiological changes at the cellular level. Pentoxifylline
acts as an immunomodulator by increasing leukocyte
deformability and chemotaxis, reducing leukocyte en-
dothelial adhesion, reducing neutrophil degranulation
and superoxide release, reducing the production of mo-
nocyte-derived tumor necrosis factor, reducing leukocyte
response to interleukin 1 and tumor necrosis factor, in-
hibiting the activation of T and B lymphocytes, and re-
duces natural killer cell activity.'? Pentoxifylline exerts its
protective effects through several mechanisms as shown
in Figure 1:

1. Inhibition of platelet-activating factor (PAF): Stud-
ies have demonstrated that pentoxifylline can sig-
nificantly reduce the levels of PAF, a key mediator
in inflammatory responses during reperfusion. For
instance, in a canine model of skeletal muscle isch-
emia-reperfusion, administration of pentoxifylline
prior to reperfusion resulted in decreased PAF lev-
els and reduced muscle necrosis.” Similarly, research
involving rabbits indicated that pentoxifylline treat-
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ment led to a significant decrease in PAF levels after
reperfusion compared to control groups.*

2. Anti-inflammatory effects: Pentoxifylline has been
shown to attenuate inflammation by inhibiting neu-
trophil activation and adhesion, which are critical
processes in the pathophysiology of reperfusion in-
jury, resulting in reduced neutrophil degranulation,
decreased leukocyte adhesion to endothelial cells,
and diminished leukocyte responsiveness to cyto-
kines.> In a rat model of cerebral IRI, pentoxifylline
treatment was associated with reduced neurological
deficits and improved neuronal survival, suggesting
its role in modulating inflammatory pathways.™

3. Improvement of hemorheological properties: The
drug enhances the deformability of red blood cells
and reduces blood viscosity, which can improve mi-
crocirculation during reperfusion.'' It also increas-
es red blood cell flexibility by increasing erythrocyte
ATP and cyclic nucleotide levels.> This is particularly
important as impaired blood flow can exacerbate
tissue damage.

4. Pentoxifylline induces vasodilation in the blood ves-
sels of skeletal muscles by inhibiting phosphodies-
terase (PDE) and raising cCAMP levels.

5. Pentoxifylline suppresses the production of leuko-
cyte-derived free radicals during peripheral ischemia
in patients with peripheral vascular disease. This helps
maintain the filterability of unfractionated leuko-
cytes, reducing tissue damage caused by ischemia.'™

The medication may enhance tissue perfusion in these
patients by improving blood circulation and reducing
signs and symptoms of ischemic pain. However, while it
can provide symptom relief, it is not intended to replace
standard treatments for peripheral vascular disease.’

Pentoxyphilline and reperfusion injury

Ischemia-reperfusion (IR) is understood as a complica-
ted series of events that involve interactions among the
vascular endothelium, interstitial spaces, circulating cells,
and various biochemical components that occur after is-
chemia. Inflammation plays a crucial role in IR, and the
participation of the innate immune system. Ischemia-re-
perfusion (IR) begins with an episode where blood supply
is restricted to an organ, leading to cell death. The return
of blood flow exacerbates the damage. Ischemia causes
tissue hypoxia, resulting in the accumulation of metabo-
lic intermediates and reactive oxygen species (ROS) such
as superoxide, hydrogen peroxide, and hydroxyl radicals.
These ROS increase intracellular calcium levels, alter pH,
and deplete ATP and nitric oxide (NO), ultimately dama-
ging cell organelles and causing necrotic cell death.' That
mechanism leads to ischemia-reperfusion injury (IRI).
Influx of activated neutrophils plays a key role in the
mediation of IRL."® Not surprisingly, pentoxifylline treat-
ment has been reported to lessen such damage in numer-
ous rodent studies, including studies focusing on the heart
or brain. From the mechanism of action above, pentoxifyl-
line used because it suppresses production of leukocyte-
derived free radicals during peripheral ischemia. Pentoxi-

fylline prevents neutrophil interaction with endothelium
and prevents leukocyte degranulation. This will reduce en-
dothelial damage."” PDE inhibition by pentoxifylline may
reduce the inflammatory response and ischemia-reperfu-
sion damage after lower limb ischemia and reperfusion.'®

In rabbit models of acute limb ischemia, pentoxifylline
was shown to attenuate PAF production during reper-
fusion. The study reported a significant decrease in PAF
levels post-treatment, indicating that PTX may effectively
mitigate inflammatory responses associated with limb re-
perfusion injury.* Another study found that administra-
tion of PTX at high doses decreased the rate of skeletal
muscle necrosis. PTX at a dose of 25 mg/kg immediately
before reperfusion decreased the rate of muscle necrosis
and PAF levels in venous effluent from isolated gracilis
dogs.” Endothelial damage following ischemia and reper-
fusion is marked by increased permeability, cell swelling,
and impaired vasorelaxation in response to acetylcholine.
In a rabbit hindlimb ischemia model, endothelial cell-de-
pendent vasorelaxation was maintained with intra-arte-
rial administration of PTX during reperfusion, unlike in
the control group. The variation in relaxation responses
could not be linked to changes in arterial contractility to
norepinephrine or histological alterations in the arterial
wall. These findings suggest a promising therapeutic ap-
proach for minimizing reperfusion injury following acute
limb ischemia.?®

Pentoxifylline administration also reduced the system-
ic inflammatory response. In a study with rats that were
clamped on their splenic vessels, pentoxyfilline was able
to significantly reduce serum TNF-q, IL-6 and IL-10.2" Ad-
ministration of pentoxifylline 40 mg/kg dissolved in 0.9%
normal saline solution up to 2 ml reduces the inflamma-
tory index in ischemic reperfusion injury."

Pentoxifylline in human studies

Pentoxifylline in intermittent claudication at a dose of
400 mg three times a day for 3 month can improve blo-
od rheological properties by reducing plasma and whole
blood viscosity, decreasing plasma fibrinogen, increasing
erythrocyte distensibility, suppressing erythrocyte aggre-
gation, reducing platelet aggregation, and suppressing
neutrophil activation.?>* Pentoxifylline infusion 1000
mg as an inhibitor of free radical formation resulted in
improvement of ischemic damage with an indicator of
significant shortening of the half-life of transcutaneous
oxygen pressure recovery.?> Peripheral occlusive arterial
disease patients receiving 400 mg pentoxifylline four ti-
mes daily for six weeks showed significant improvements
in erythrocyte deformability and a positive impact on
microcirculatory blood fluidity.? Critical limb ischemia pa-
tients were treated with pentoxifylline infusion 600 mg
twice daily consistently and experienced a significantly
decreased pain at rest.?”’

Combination therapies

Recent studies have explored the efficacy of pentoxi-
fylline in combination with other agents, such as vitamin
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C. A study indicated that this combination therapy could
further reduce lung damage due to ischemia-reperfusion
injury, suggesting enhanced protective effects through
synergistic mechanisms."”

Conclusion

Pentoxifylline appears to be a promising agent in the
prevention and treatment of reperfusion injury across
various organ systems. Its ability to inhibit PAF produc-
tion, reduce inflammation, and improve hemorheological
properties positions it as a valuable therapeutic option.
Further clinical trials are warranted to establish optimal
dosing regimens and confirm its efficacy in human sub-
jects suffering from conditions associated with ischemia-
-reperfusion injury.
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SUHRN

Abiotrophia defectiva je beznou sucastou mikrofléry dutiny Ustnej, traviaceho a urogenitélneho traktu.
Vynimocne, v 1 - 3 % vsetkych pripadov, moze tato baktéria spdsobit infekénu endokarditidu. Hoci endo-
karditidy spdsobené Abiotrophia defectiva nie su casté, vyznacuju sa vysokou mortalitou a mnozstvom kom-
plikécii. ZdIhavy, atypicky priebeh a zlozita kultivacia vyzadujuca si $pecidlne kultivaéné médium prispievaju
k neskorej diagnostike. Infek¢na endokarditida spésobena A. defectiva je znama svojou agresivnou pova-
hou, ktora sa manifestuje vytvaranim velkych vegetacii veducich k devastacnym systémovym embolizaciam,
destrukcii srdcovych chlopni a v neposlednom rade k progresivnemu srdcovému zlyhaniu. Popisujeme pripad
43-ro¢ného muza s infekénou endokarditidou mitralnej chlopne, ktora sa prejavila nespocetnym mnozstvom
embolickych prihod.

© 2025, CKS.

ABSTRACT

Abiotrophia defectiva belongs to the normal human microbiome of the oral cavity, gastrointestinal and uro-
genital tracts. Rarely, about 1-3% of all infective endocarditis, it can be the cause of infective endocarditis.
Although uncommon, it is associated with high mortality and complication rates. The chronic course and
difficult isolation requiring specialized culture media are contributing to a delayed diagnosis. Moreover,
infective endocarditis by A. defectiva is known for its aggressive nature characterized by the development
of large vegetations leading to massive, life-threatening systemic embolizations, valves destructions, and
progressive heart failure. Here, we report a serious case of 43 y.o. previously healthy man diagnosed with
A. defectiva infective endocarditis presenting with multi-organ septic embolizations.

Introduction

congenital heart disease, heart valve prothesis or immu-
nodeficiency, on the other hand, 39% of cases showed no
evidence of risk factor.! Additionally, A. defectiva is very

Infective endocarditis (IE) due to Abiotrophia species, pre-
viously referred to as nutritionally variant streptococci,
occurs rarely, only between 1-3% of all IE and typically
presents with indolent or prolonged course."? Abiotro-
phia defectiva is a gram-positive coccus, which is a part
of the normal flora of the oral cavity, intestinal and uro-
genital tracts.

Despite its harmless nature, it can lead to severe IE with
development of large vegetations (> 10 mm), excessive
embolic events, and congestive heart failure due to valve
destruction.>* Endocarditis in general occurs most often in
adults over age 60, however patients with A. defectiva IE
are usually younger (around 48 years old).2 The most com-
mon risk factors include previous valvular heart disease,

difficult to grow and identify under standard laboratory
methods, that is why it is often associated with blood-
negative cultures. The incidence of serious complications,
delayed diagnosis and treatment failure cause high mor-
tality and need for valve replacement (around 50%).°> Our
patient, a previously healthy man, with no risk factors,
developed insidious course of infective endocarditis with
valve destruction and multiple embolizations.

Case presentation

A 43-year-old male reported ongoing sporadic fevers,
fatigue, night sweats, joint swelling, pain and substan-
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Fig. 1 - Echocardiography. (A) Transthoracic echocardiography apical three-chamber view and transesophageal
echocardiography long-axis view (B) show large vegetation (arrow) on the anterior leaflet of the mitral valve on
the atrial side (C). The vegetation measures 20 mm in length (arrow). (D) Color flow image shows severe mitral

regurgitation.

Ao - aorta; LA - left atrium; LV - left ventricle; RV - right ventricle.

tial weight loss of 11 kg over a year. Following multiple
rounds of antibiotic treatment with inadequate response,
a systemic rheumatic disease was suspected.

After suffering with a sudden onset of left-sided leg
pain and left-sided vision loss, the patient was admitted
to department of internal medicine. An arterial Doppler
ultrasound revealed embolic occlusion of the left popli-
teal artery. Upon eye examination, left-sided retinal hem-
orrhage and right-sided macular hemorrhage was detect-
ed. On the fourth day following admission, A. defectiva
was identified from blood cultures. Under the suspicion
of infectious endocarditis, transthoracic echocardiogra-
phy was performed and large vegetations on mitral valve
were found. According to antimicrobial susceptibility
testing, an initial antibiotic regimen comprising ceftriax-
one and gentamicin were administered, and the patient
was referred to our medical centre.

On admission to our hospital, a physical examination
revealed a slight underweight and multiple Janeway le-
sions on the left palm and on the right sole. A laboratory
analysis showed an elevated inflammatory response with
moderately elevated white blood cell counts (12 x 10%1)
and C-reactive protein (81 mg/l), elevated NT-proBNP (902
ng/l) and mild microcytic anaemia (Hgb 112 g/I). Trans-
thoracic and transesophageal echocardiography showed
normal systolic function of the left ventricle, severe mi-
tral regurgitation with multiple vegetations on the mitral
valve predominantly in the anterior leaflet (Fig. 1). Cor-
onary angiography presented a subtotal embolic occlu-

Fig. 2 - Coronary angiography. A subtotal embolic
occlusion (arrow) of the left anterior descending co-
ronary artery.

sion of the left anterior descending coronary artery (LAD)
(Fig. 2). Abdominal computed tomography (CT) revealed
splenic infarction and bilateral renal infarction (Fig. 3).
A head CT discovered fusiform aneurysm of the right
medial cerebral artery, intracerebral hemorrhage in the
right parietooccipital lobe and infarction in the left fron-
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Fig. 3 - Computed tomography of abdomen. (A) Splenic infarction.

(B,C) Bilateral renal infarction

tal lobe. The fusiform aneurysm was successfully treated
by seven coils placed inside the aneurysm (Fig. 4). After
a week, the patient’s health condition deteriorated with
new neurological symptoms and progression of mitral
regurgitation and size of vegetations despite adequate
antibiotic therapy worsened. Mitral valve replacement
using a 29 mm biological valve (C-E Perimount PLUS) and
LIMA to LAD bypass grafting were performed. The post-
operative course was uneventful, he was discharged 3
weeks after surgery after completing 6 weeks of antibi-
otic therapy. No relapse of IE was observed during the 2
years of follow-up at our cardiovascular center.

Discussion

A. defectiva infective endocarditis usually occurs in pati-
ents with congenital or preexisting heart disease, a his-
tory of previous cardiac surgery or immunocompromised
state. Additional risk factors that can also predispose the
patients to IE include: older age, indwelling cardiovascu-
lar devices, intravenous catheter, intravenous drug use,
chronic hemodialysis, poor dentition and invasive dental,
gastrointestinal or genitourinary tract procedures.” In
our case, the patient had neither of predisposing factors
nor the history of dental or any other invasive procedu-
re. However, not only oral procedures, such as tooth ex-
tractions, but also routine oral hygiene activities, such as
brushing or flossing can facilitate bacterial entry into the
bloodstream, which could potentially lead to the develo-
pment of IE.®

The leading cause of difficulty in the diagnosis is relat-
ed to indolent course, atypical presentation, and difficult
isolation. A. defectiva IE should be considered in patients
with unusual manifestation of infection. Some patients
do not even develop fever, but they suffer from nonspe-
cific symptoms, such as weight loss, fatigue or functional
decline over a prolonged period of time. Laboratory find-
ings often include anemia and slightly elevated inflam-
matory markers.® In these cases, use of echocardiography
and blood cultures are crucial.

Fig. 4 - Brain imaging.
(A) Head computed
tomography shows
fusiform aneurysm

of the right medial
cerebral artery

and intracerebral
hemorrhage in
parietooccipital lobe
(arrow) on axial view.
(B) Digital subtraction
angiography (DSA)
shows aneurysm
(arrow) of the right
medial cerebral artery.
(C) Seven coils were
inserted into the
aneurysm.
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The name "Abiotrophia” literally means life nutrition
deficiency which refers to the species requirements for
enhanced culture media for growth. Nowadays, it seems
that some isolates may have adapted to grow without the
addition of vitamin B, or cysteine and can be grown on
routine media (as with our patient). Unfortunately, using
routine media may not always identify Abiotrophia spe-
cies because of overgrowth of other bacteria or limited
growth due to insufficient nutrients. Therefore, enriched
media allow selective growth and are more reliable in iso-
lating A. defectiva.®"°

According to the current ESC guideline-recommend-
ed antibiotic therapy, penicillin G, ceftriaxone, or van-
comycin should be used for 6 weeks combined with an
aminoglycoside for at least the first 2 weeks. Despite
the use of appropriate antibiotics, approximately 50%
of cases also need surgical management. Surgical treat-
ment combined with concurrent antimicrobial therapy
result in better prognoses, and the main indications for
surgery are: recurrent emboli, persistent sepsis, mobile
vegetations, and severe heart failure.*' In our case, de-
spite antibiotic therapy, the patient’s condition was de-
teriorating rapidly due to progressing valve destruction
and heart failure, new vegetation development, and
recurrent brain embolization. Surgical resection of veg-
etations and complete mitral valve replacement were
inevitable to save the patient.

IE caused by A. defectiva is known for its emboliza-
tion potential. Embolic events are frequent and often
life-threatening complications. Several previous stud-
ies recognized many predictors for embolic event. The
vegetation size (>10 mm), mobility, location and even
shape (globular) all increase the risk of embolic com-
plications. Also, the vegetation on the mitral valve has
a significantly higher embolic potential. The size of
the anterior leaflet, its rapid and forceful movement
during valve closure, and the production of negative
pressure on the valve by atrial contraction may lead to
destabilizing attached vegetations.'>' In the presented
case, the size of the vegetation exceeded 20 mm, the
embolic rate was higher than usual and caused harm to
many organs.

Conclusion

IE caused by A. defectiva is rare and easy to miss, but
aggressive and leads to a poor prognosis. Atypical ma-
nifestation of infection, negative blood cultures and ad-
junct embolic events should always raise suspicion of A.
defectiva endocarditis. Role of echocardiography and use
of specialized culture media for blood culture is critical in
making the right diagnosis.
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Memorandum o vzajemné spolupraci

Memorandum o vzajemné spolupraci mezi

1. Spoleénosti lékaiské genetiky a genomiky Ceské lékaiské spoleénosti Jana Evangelisty Purkyné
Zastoupenou: prof. MUDr. Milanem Mackem, jr., DrSc., MHA, pfedsedou vyboru SLG CLS JEP
Se sidlem: Sokolska 490/31, 120 00 Praha 2

a

2. Ceskou kardiologickou spoleénosti, z.s.
Zastoupenou: prof. MUDr. Petrem Os$tadalem, Ph.D., FESC, pfedsedou CKS
Se sidlem: Netroufalky 6b, 625 00 Brno

a

3. Ceskou asociaci preventivni kardiologie Ceské kardiologické spoleénosti, z.s.
Zastoupenou: prof. MUDr. Milodem Taborskym, CSc., FESC, FACC, MBA, pfedsedou CAPK
Se sidlem: Netroufalky 6b, 625 00 Brno

(spolecné dale jen ,,smluvni strany Memoranda”)
uzavreli nize uvedeného dne, mésice a roku Memorandum o vzajemné spolupraci
(dale jen ,Memorandum®)

l.
Preambule

Smluvni strany, podpisem tohoto Memoranda, deklaruji
spolecny zdjem o vzdjemnou spoluprdci, a to predeviim
v oblasti diagnostiky a |écby kardiovaskularnich genetic-
ky podminénych onemocnéni, v problematice kardiovas-
kuldrni prevence, vzdéldvani odborné a laické verejnos-
ti a v dalSich segmentech, s cilem dosahnout optimalni
dostupnosti specializovanych genetickych vysetifeni pro
indikované pacienty, metodiky vzajemného predavani
pacientd vcetné definice standardl reference a podpory
obou odbornosti. Cilem je dlouhodobd kultivovand od-
borna spoluprace obou odbornosti ve prospéch pacientu
a cesty pacienta systémem zdravotni péce.

Il
Obecné principy spoluprace zalozené na EBM datech:
1. Dédi¢na kardiovaskuldrni onemocnéni se déli do tfi
hlavnich skupin onemocnéni myokardu: 1. dédi¢né kar-
diomyopatie, 2. dédi¢né arytmické syndromy spojené
s normalnim strukturdinim ndlezem na srdci a 3. dédi¢-
né aortalni syndromy casto spojené s chlopennimi va-
dami typu bikuspidalni aortalni chloperi nebo prolaps
mitralni chlopné.

2. Spole¢nym jmenovatelem dédi¢nych kardiovaskular-
nich onemocnéni je riziko nahlé srdecni smrti, zejména
u jedinct mladsich 50 let. Nahla srdecni smrt je dle sou-
Casnych znalosti prvnim a casto poslednim projevem
dédi¢ného onemocnéni, a to az v poloviné pfipadd,
a v pfipadé kardiomyopatii ¢asto predchdzi rozvoji jed-
noznacnych strukturdlnich zmén srde¢niho svalu.

1.
Logistika genetické péce v kardiologii:

1. Klinickou indikaci ke genetické konzultaci stanovi oset-
fujici kardiolog, pokud zjistil moznou diagnézu nékte-
ré z forem dédi¢ného kardiovaskularniho onemocnéni.

2. Vlastni indikace ke genetickému vysetfeni musi byt po-
tvrzena a vedena lékafskym genetikem, ktery odpovi-
dd za adekvatni interpretaci vysledkd vysetreni. V bu-
doucnosti se subjekty tohoto memoranda budou snazit
o zjednoduseni tohoto schématu u nékterych klinicky
jasnych diagnéz.

3. Genetickou péci v kardiologii chapeme v principu jako
mezioborové komplexni vysetfeni. Jeho soucasti je
klinickogenetickd konzultace se ziskdnim podrobné

Adresa pro korespondenci: Prof. MUDr. Milos Taborsky, CSc., FESC, FACC, MBA, Kardiologicka klinika, Fakulta zdravotnickych studii Univerzity J. E. Purkyné
v Usti nad Labem a Krajsk zdravotni, a.s. — Masarykova nemocnice v Usti nad Labem, 0.z., Socialni péce 3316/12A, 401 13 Usti nad Labem, Cesk4 republika,

e-mail: milos.taborsky@seznam.cz
DOI: 10.33678/cor.2025.114

Tento ¢lanek prosim citujte takto: Taborsky M, Macek jr. M, Ostadal P, et al. Memorandum o vzajemné spolupraci. Cor Vasa 2025;67:655-657.
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osobni a rodinné anamnézy. V rdmci osobni anamnézy
je nutné se zaméfit na zjisténi vSech pravodnich neu-
rologickych, jaternich, rendlnich a jinych onemocné-
ni, kterd se mohou vyskytovat v ramci syndromového
postiZzeni. Soucasti konzultace je také sestaveni rodo-
kmenu alespon ve tfech generacich s ur¢enim dalSich
rodinnych pfislusnikd v riziku onemocnéni. Témto by
mélo byt nabidnuto kardiologické screeningové vyset-
feni s cilem dosdhnout primarni prevence zavaznych
komplikaci na principech kaskddového rodinného vy-
Setfeni.

4. Prosazujeme koncepci multidisciplinarniho tymu. Péce
o pacienty a jejich pfibuzné s dédi¢nym kardiovaskular-
nim onemocnénim predpoklada uzkou multidisciplinar-
ni spolupraci détskych i dospélych kardiologd/arytmo-
logU/kardiochirurgt s Iékafskymi a molekuldrnimi
genetiky, patology, soudnimi Iékafi a lékafi intenzivni
mediciny ¢i akutni kardiologie, neurology, praktickymi
Iékafi a psychology aj.

5. DuleZitou oblasti genetického vysetfeni v kardiologii
s ohledem na riziko nahlé srde¢ni smrti je i komplexni
posmrtné vysetfeni zemrelého a jeho pozUstalych v rizi-
ku. Nezbytné je standardizované provedeni pitvy ndhle
zemrelé osoby, véetné spektra dopliujicich laborator-
nich vySetfeni, a nasledna uzka spoluprace klinickych
Iékarl s patology, resp. soudnimi Iékafri. Priklad aktivity:
www.nahleumrti.cz/kontakt.

IV.
Principy spoluprace subjektid v rozsifeni povédomi
a dostupnosti kardiogenetického vysetieni:
Odborné spolecnosti se dohodly, Ze primarnim cilem je
dlouhodoba spoluprace zajistujici kontinuitu, rozsifeni
povédomi a dostupnosti genetického vysetfeni v |é¢bé pa-
cientd s dédi¢nym kardiovaskularnim onemocnénim.
Cilem spole¢nych aktivit je predeviim zajisténi regio-
nalni dostupnosti genetickych vysetfeni pro indikované
pacienty. Prosazujeme spolecné koncepci genetického
poradenstvi, které by mélo byt dostupné v kazdém kar-
diovaskularnim centru dle Véstniku MZCR KV centra (Se-
znam-center-vysoce-specializované-kardiovaskularni-pé-
Ce.pdf) (gov.cz). Tato skutecnost je i soucasti Narodniho
kardiovaskularniho planu (Narodni kardiovaskularni plan
Ceské republiky na obdobi 2025-2035).
Vytvofime mapu specializovanych kardiologickych praco-
vist, ktera spolupracuji v ramci multidisciplinarnich tyma
s lékafskym genetikem a akreditovanou molekularnége-
netickou laboratofi. Tato mapa bude zvefejnéna transpa-
rentné na webu Néarodniho zdravotnického informacniho
portalu (NZIP) a také bude dostupna na webovych stran-
kach obou spolec¢nosti a socidlnich sitich s cilem informo-
vat jak |ékare, tak pacienty. Tato sit bude pribézné aktua-
lizovana na zédkladé dohody obou odbornych spolecnosti.
Aktivné spolupracujeme s pacientskymi organizacemi,
dominantné s Ceskou alianci kardiovaskularnich onemoc-
néni, z.s., (CAKO) a se zainteresovanymi pacientskymi or-
ganizacemi sdruzenymi v Ceské asociaci pro vzacna one-
mocnéni, z.s., (CAVO).
Budeme vytvaret spole¢na odbornd stanoviska a publiko-
vat je jako mezioborové dokumenty o spolupraci. Budeme
spolupracovat se zainteresovanymi Evropskymi referen-

¢nimi sitémi pro vzacna onemocnéni dle Véstniku 1/2022.
Pribézné budou dle novych poznatkd a studii tyto doku-
menty aktualizovany.

V.

Zakladni odborné dokumenty spolupracujicich subjektt:

1. Krebsova A, Kutilkova E, Kubanek M, et al. Genetické
vysetieni v kardiologii: Aktualizované souhrnné vyjad-
feni a doporuceni odbornikd pracovni skupiny kardio-
genetiky p¥i CAPK/CKS, SLG a CSSL a ST p¥i CLS JEP. Cor
Vasa 2025;67:511-534.

2. Peichl P, Bulava A, Toman O, Kautzner J. Doporuce-
ni ESC pro diagnostiku a lécbu pacientld s komoro-
vymi arytmiemi a prevenci nahlé srde¢ni smrti, 2022.
Zeppenfeld K, Tfelt-Hansen J, de Riva M, Winkel BG,
Behr ER, Blom NA, Charron P, Corrado D, Dagres N, de
Chillou C, Eckardt L, Friede T, Haugaa KH, Hocini M,
Lambiase PD, Marijon E, Merino JL, Peichl P, Priori SG,
Reichlin T, Schulz-Menger J, Sticherling C, Tzeis S, Ver-
strael A, Volterrani M; ESC Scientific Document Group.
Preklad zkraceného dokumentu ptipraveny Ceskou
kardiologickou spole¢nosti. Cor Vasa 2023;65:186-235.

3. Votypka P, Krebsovd A, Norambuena-Poustkova P, et
al. Post-mortem genetic testing in sudden cardiac de-
ath and genetic screening of relatives at risk: lessons
learned from a Czech pilot multidisciplinary study. Int
J Legal Med 2023;137:1787-1801.

4. Wilde AAM, Semsarian C, Marquez MF, et al. European
Heart Rhythm Association (EHRA)/Heart Rhythm Soci-
ety (HRS/Asia Pacific Heart Rhythm Society (APHRS)/
Latin American Heart Rhythm Society (LAHRS) Expert
Consensus Statement on the State of Genetic Testing
for Cardiac Diseases. Heart Rhythm 2022;19:e1-e60.

5. Zeppenfeld K, Tfelt-Hansen J, de Riva M, et al. 2022
ESC Guidelines for the management of patients with
ventricular arrhythmias and the prevention of sudden
cardiac death. Eur Heart J 2022;43:3997-4126.

6. Verhagen JMA, Kempers M, Cozijnsen |, et al. Expert
consensus recommendations on the cardiogenetic care
for patients with thoracic aortic disease and their first-
-degree relatives. Int J Cardiol 2018;258:243-248.

7. Stiles MK, Wilde AAM, Abrams DJ, et al. 2020 APHRS/
HRS expert consensus statement on the investigation
of decedents with sudden unexplained death and pa-
tients with sudden cardiac arrest, and of their families.
Heart Rhythm 2021;18:e1-e50.

8. Escobar-Lopez I, Ochoa JP, Royuela A, et al. Clinical
Risk Score to Predict Pathogenic Genotypes in Pa-
tients With Dilated Cardiomyopathy. J Am Coll Cardiol
2022;80:1115-1126.

9. Nordestgaard BG, Chapman MJ, Humphries SE, et al.
Familial hypercholesterolaemia is underdiagnosed and
undertreated in the general population: guidance for
clinicians to prevent coronary heart disease: consen-
sus statement of the European Atherosclerosis Society.
Eur Heart J 2013;34:3478-3490a.

10. Adler A, Novelli V, Amin AS, et al. An International,
multicentered, Evidence-based reappraisal of Genes
reported to Cause Congenital long QT Syndrome. Cir-
culation 2020;141:418-428.
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VI.
Zavérecna ustanoveni:

1. Smluvni strany Memoranda vyjadiuji svou vili vzajemné
spolupracovat v oblasti vymezené timto Memorandem
zplsobem uvedenym v ¢l. 1.-V.

2. Memorandum je projevem skutecné, svobodné a vazné
vule smluvnich stran Memoranda.

V Praze dne 26. fijna 2025

Prof. MUDr. Milan Macek jr., DrSc, MHA
Ustav biologie a lékafské genetiky,

2. lékarska fakulta Univerzity Karlovy

a Fakultni nemocnice v Motole, Praha

Prof. MUDr. Milo$ Taborsky, CSc., FESC, FACC, MBA
Kardiologicka klinika, Fakulta zdravotnickych studii
Univerzity J. E. Purkyné v Usti nad Labem

a Krajska zdravotni, a.s. —

Masarykova nemocnice v Usti nad Labem

3. Memorandum je vyhotoveno ve tfech stejnopisech,
z nichz kazda smluvni strana Memoranda obdrzi po
jednom stejnopise.

4. Memorandum nabyva platnosti a u¢innosti dnem pod-
pisu vSemi smluvnimi stranami Memoranda.

Prof. MUDr. Petr Ostadal, Ph.D., FESC
Kardiologicka klinika, 2. Iékafska fakulta Univerzity
Karlovy a Fakultni nemocnice v Motole, Praha

Prof. MUDr. Ales Linhart, DrSc., FESC, FCMA
IIl. interni klinika kardiologie a a angiologie,
1. lékarskd fakulta Univerzity Karlovy

a Vseobecna fakultni nemocnice v Praze

Doc. MUDr. Alice Krebsova, Ph.D.
Klinika kardiologie, Institut klinické
a experimentdalni mediciny, Praha
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Prof. MUDr. Eliska Sovova, Ph.D, MBA,
slavi vyznamné zivotni jubileum

Rl

Pani profesorka Eliska Sovovd se narodila 3. 11. 1960
v Olomouci do lékarnické rodiny, jeji otec, matka, dva
strycové, teta a sestienice byli farmaceuti. V mladi chtéla
byt ucitelkou, pak novinarkou, ale nakonec zvolila me-
dicinu, kterad byla podle rodicd méné zavisla na politic-
ké prislusnosti. Nicméné se ji nakonec podafilo propojit
vsechny jeji pfedstavy o povoldni — spojeni mediciny, psa-
ni populariza¢nich knih i vyuku medikd. Po promoci na
Lékarské fakulté v Olomouci, kde absolvovala s vyzname-
nanim a za vyborné studijni vysledky obdrzela cenu rekto-
ra, nastoupila v nemocnici v Bruntale na interni oddéleni,
odkud presla na interni oddéleni v Pferové. Zde pracovala
do prvni atestace z vnitiniho Iékafstvi. Velmi rdda vzpo-
mina na pferovského primafe MUDr. Josefa Svejdu, CSc.,
ktery byl pro ni po zbytek Zivota velkym vzorem. Praxe,
kterou ziskala v okresni nemocnici, ji dala velmi mnoho
zkusenosti do zivota a byla pro jeji dalsi medicinsky Zivot
velmi dllezita. V roce 1992 vyhrala konkurs na misto na
I. interni klinice Fakultni nemocnice Olomouc, na niz byl
pfednostou prof. MUDr. Jan Lukl, CSc., ktery ji naudil, ze
kardiologie je kralovnou mediciny. V rdmci prace na kli-
nice se vénovala neinvazivni diagnostice, kontrole kardio-
stimulatord a zaloZila oddéleni preventivni kardiologie,
nejprve jako samostatné oddéleni, pozdéji jako soucast
I. interni kliniky — kardiologické a prevence se stala pro
jeji odbornou drahu tou nejlepsi charakteristikou. Postup-
né, jak Sel cas, slozila pét atestacnich zkousek (atestace
1. a 2. stupné z vnitfniho lékarstvi, z kardiologie, verej-
ného zdravotnictvi a télovychovného lékarstvi) a okoli se
pta, kdy bude 3estad?

Je autorkou vice nez 150 odbornych ¢lanka a knih. Byla
resitelkou nebo spoluresitelkou nékolika grantovych pro-
jektd a klinickych studii. V roce 2001 obhdjila titul Ph.D,
v roce 2006 byla jmenovana docentkou vnitiniho lékafrstvi
avroce 2014 ji prezident republiky udélil titul profesorka
vnitiniho Iékafstvi. V ramci zvySovani manazerskych kom-
petenci vystudovala MBA na VSE v Praze. Od roku 2010
pracuje jako prednostka Kliniky télovychovného lékafrstvi
a kardiovaskularni rehabilitace Fakultni nemocnice Olo-
mouc. Klinika se pod jejim vedenim vénuje nejen télo-
vychovnému lékarstvi, ale i 1é¢bé obezity (akreditované
centrum pro lécbu obezity) a kardiovaskularni rehabili-
taci. Pracovisté je jednim ze Ctyr ¢eskych center sportovni
kardiologie. Pod jejim vedenim obhdjilo dizerta¢ni praci
v ramci doktorského studia osm studentt. Je ¢lenkou tfi
oborovych rad. V ramci pUsobeni jako ndméstek pro |é-
c¢ebnou péci Fakultni nemocnice Olomouc zavadéla sys-
tém kvality l1é¢ebné péce a byla ¢lenkou Rady kvality MZ
CR. Od roku 1994 do roku 2023 pUsobila ve spravni radé
Nadac¢niho fondu Pro srdce Hané, ktery se zaslouzil o vy-
budovani Kliniky kardiovaskularni a transplantacni chirur-
gie ve Fakultni nemocnici Olomouc a od roku 2002 se vé-
nuje hlavné popularizaci prevence srde¢nich onemocnéni
(pravidelné populariza¢ni akce na ndmésti v Olomouci
.Zdravé srdce Hané”, nékolik ceskych rekordd v nordic
walking chizi, pokus o Guinnesslv rekord Srdce srdci...).
Osm let pUsobila jako prodékanka Lékarské fakulty Uni-
verzity Palackého v Olomouci (UPOL), kde stala u zrodu
centra pro simula¢ni medicinu CENTESIMO. V gesci méla
dale specializa¢ni vzdélavani a byla ¢lenkou celostatni ko-
ordinac¢ni rady. Byla opakované clenkou akademického
senatu LF a UPOL. Byla ¢lenkou védecké rady LF UPOL,
Fakulty zdravotnickych véd UPOL a v soucasné dobé je
¢lenkou védecké rady Fakulty télesné kultury UPOL.

Je ¢lenkou nékolika odbornych spolecnosti, kde pulso-
bila nebo plsobi opakované v riznych vyborech. Je ¢len-
kou Meziresortni komise pro pohybové aktivity MZ CR.
V ramci Ceské lékafské komory pracuje jiz ¢tvrté obdobi
jako clenka cestné rady Okresniho sdruzeni v Olomouci.
Byla dvakrat zvolena do Zastupitelstva statutdrniho més-
ta Olomouc, kde pUsobila hlavné v oblasti zdravotnictvi
a ekologie.

Tolik souhrn dosavadniho profesionalniho Zivota pani
profesorky, pfi vyctu vech jejich ¢innosti se mi v mysli ob-
jevila otdzka: nema pani profesorka dvojce? Vsechno, co
dosud dokdzala, je pro jednu osobu az neuvéfitelné! Ale
ne, je na to sama, je to vSechno podloZzeno ohromnou
pracovitosti a laskou k oboru, ktery v fadé oblasti napros-
to zdsadné ovlivnila. Jeji prezentace na odbornych akcich
je vzdy dokladem hlubokych znalosti obor(, kterym se vé-
nuje, a vSechno k tomu provazi jeji pfirozené a noblesni
vystupovani.

Je jisté spravné dodat, ze k tomu vychovala dvé déti,
které nasledovaly jeji profesni drahu — syn Milan je pro-
fesor vnitiniho Iékafstvi a plasobi jako prednosta Kliniky
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nemoci plicnich a tuberkulézy ve FN Brno a dcera Markéta
ma atestaci z vnitiniho Iékafrstvi a télovychovného lékar-
stvi a je v souc¢asné dobé na materské dovolené. Pani pro-
fesorka nejradéji relaxuje s manzelem Milanem a s vnu-
kem, na kole a na lyzich.

Dovolte mi na zavér, abych za vybor CKS i za celou kar-
diologickou spolec¢nost i osobné pani profesorce velmi po-

dékoval nejen za vsechny ty roky narocné a Uspésné prace
jak pro nasi spolecnost, tak pro vSechny nemocné, ale také
za angazovanost v oblasti regiondlni politiky, jez je pro
zdravotnictvi tolik potfebna. Pfejeme pevné zdravi a mno-
ho dalsich uspécht a radosti z téch, ktefi ji jsou nejblizsi.

Srdecné, Michael Aschermann za vybor CKS



: % Ze Zivota spolec¢nosti

661

Mgr. Klara Prochazkova, odpovédna redaktorka
Cor et Vasa, slavi zivotni jubileum

Redaktorka naseho casopisu Klara Prochazkova, nesmirné
pracovitd a mila dama, se narodila 1. 11. 1975 a po matu-
rité slozila v roce 1995 statni jazykovou zkouska z angli¢-
tiny. Dale se vénovala studiu ceského jazyka a literatury
na Filozofické fakulté UK - statni zkousky absolvovala
v zafi 2001. Po promoci pracovala nejdfive jako ucitelka
anglictiny a cestiny pro cizince, od roku 2002 se pak zacala
vice vénovat préci redaktorské, nejprve jako korektorka
a editorka Medical Tribune a od roku 2010 jako redaktor-
ka Cor et Vasa. Mame tedy v letoSnim roce 15 let vyroci
spole¢né prace na hlavnim ¢asopisu Ceské kardiologické
spolecnosti. Klara Prochdzkova je pro Cor et Vasa nevidi-
telnou, ale naprosto nepostradatelnou dusi, obdivuhod-
nym zplsobem zvlada nejen rutinu nekonecného pfibéhu

tvorby casopisu, ale pratelsky a citlivé fesi situace obtizné
a necCekané. Jsem presvédcen, Ze precizni prace Klary na
kazdém Ccisle ¢asopisu pfispiva k jeho kvalité a byla jednim
z faktoru, které privedly Cor et Vasa k ziskani tolik potreb-
ného impakt faktoru. Jesté dodam, Ze spolu s manzelem
Honzou maji dceru Hanu a ve volném case se vénuje lite-
ratufe a vsichni spolu pak vyletim do pfirody a za pozna-
nim. Dovolte mi, abych za nas viechny ¢tenare Cor et Vasa
Klare Prochazkové od srdce podékoval a popral predevsim
pevné zdravi a radost s bliznimi, ndm pak prani, aby jeji
spoluprace s Cor et Vasa byla i nadale tak skvéla jako do-
sud.
Michael Aschermann
za vybor CKS
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Peter Baliz, Adam Whitley
Cévni chirurgie
do kapsy

Vascular Surgery:
A Pocket Guide

Cena: 349 K¢

Monografie ma 154 stran, text knihy je v dvoujazycné
mutaci (¢esky a anglicky), kniha byla podporena projek-
tem Programu rozvoje védnich oblasti Univerzity Karlovy
Cooperatio 207029 Cardiovascular Science.

Autory monografie jsou prof. MUDr. Peter Balaz, Ph.D.,
FEBS, MPH, (3. Iékarska fakulta Univerzity Karlovy, Praha)
a MUDr. Adam Whitley (pGvodem z Oxfordu, Velka Brita-
nie, nyni 3. Iékarska fakulta Univerzity Karlovy v Praze).

Monografie ma celkem 15 kapitol:

1. Pacient s ischemickou chorobou dolnich koncetin,
2. Stendza arteria carotis interna,

3. Akutniischemie horni koncetiny,

4. Syndrom horni hrudni apertury,

5. Aneuryzma hrudni aorty,

6. Aneuryzma abdomindlni aorty,

7. Disekce aorty,

8. Aneuryzma viscerdlnich tepen,

9. Chronickd mezentericka ischemie,
10. Akutni mezentericka ischemie,

11. Chronicka ischemie dolni koncetiny,
12. Akutni ischemie dolni koncetiny,
13. Aneuryzma zakolenni tepny,

14. Diabeticka noha,

15. Chronicka venézni nedostatec¢nost.

Peter Balaz, Adam Whitley:
Cévni chirurgie do kapsy. Vascular Surgery:
A Pocket Guide

Vydala Grada Publishing, a.s., 2025, 154 stran.
Prvni vydani, barevny vytisk, mékka vazba.
ISBN: 978-80-271-8048-6 (ePub).

ISBN: 978-80-271-8047-9 (pdf).

ISBN: 978-80-271-5210-0 (print).

Stejné kapitoly jsou v druhé poloviné knihy v angli¢-
tiné, coz jisté oceni predevsim studenti mediciny ze za-
hranici, také Ceska ¢ast knihy bude jisté ocenéna mediky
a lékari, ktefi vstupuji do praxe a potrebuji znat zdklady
popsané zavazné angiologické problematiky.

Patnact kapitol je shrnuto na 50 stranach, text obsa-
huje ve zkratce zdsadni otazky klinické manifestace, dia-
gnostiky a lécby a progndzy uvedenych patnacti klinic-
kych stavd. Je mozné konstatovat, Ze zkuSenym autordm
se podafilo minimalizovat text bez ztraty pfehledu o jed-
notlivych klinickych situacich. Text je doplnén algoritmy,
obrazky a piktogramy, jez usnadnuji orientaci v proble-
matice, je mozné konstatovat, ze autofi pripravili vyji-
mecnou publikaci, kterd bude v praxi jisté uzitecna, a to
jak pro obory chirurgické, tak interni. Rejstfik, seznam
zkratek a stru¢ny souhrn literatury jsou samoziejmym do-
plnkem monografie.

Zpracovani drobné monografie od tymu Grada Pub-
lishing je vysoce kvalitni.

Prof. MUDr. Michael Aschermann, DrSc. FACC, FESC,
Il. interni klinika kardiologie a angiologie, 1. lékarska
fakulta Univerzity Karlovy a VSeobecna fakultni
nemocnice v Praze, e-mail: aschermann@seznam.cz
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Farmakoterapie

srdeéniho
selhdni

Jifi Vitovec
Monika Spinarové
Anna Chaloupka
Karel Labr

barevny vytisk.

Jii Vitovec, Monika Spinarova, Anna
Chaloupka, Karel Labr: Farmakoterapie

srde¢niho selhani

Praha, Grada Publishing, a.s., 2025, 190 stran.
Vydani prvni, format 120 x 205 mm, mékka (brozovana) vazba,

ISBN: 978-80-271-7874 (ePub).

ISBN: 978-80-271-7873 (pdf).
ISBN: 978-80-271- 5516-3 (print).

€ arRrADA

Cena: 357 K¢.

Vsichni autofi této knihy jsou pracovniky I. interni kar-
dioangiologické kliniky Lékarské fakulty Masarykovy
univerzity v Brné a Fakultni nemocnice u sv. Anny v Brné.
Profesor Lékarské fakulty Masarykovy univerzity, hlavni
autor (a zfejmé iniciator napsani) prof. MUDTr. Jifi Vitovec,
CSc., je i pracovnikem Ustavu farmakologie a toxikologie
Farmaceutické fakulty Masarykovy univerzity. Jde o drob-
nou knihu kapesniho formatu. Je monotematickd, vénuje
se problematice srde¢niho selhdni. Odborny obsah je
rozdélen do Sesti kapitol. Po kratké predmluvé (autorka
profesorka MUDr. Lenka Spinarova, Ph.D. - strany 9-11)
nasleduji kapitoly v tomto poradi. Prvni kapitola: Histo-
rie farmakologie chronického srdecniho selhani (strany
11-17), druhd kapitola: Farmakologie 1ék( pro srdecni
selhani (strany 17-60). Treti kapitola je vénovana akut-
nimu srde¢nimu selhdni (strany 60-78), ¢tvrtd kapitola
(strany 78-101) srde¢nimu selhani chronickému a pata
kapitola (strany 101-118) kardiomyopatiim. Odbor-
nou cast zakoncuje Sestd kapitola o |écbé pridruzenych
onemocnéni u srde¢niho selhani (strany 124-169). Na
strané 176 je uvedeno devét nazvl monografii o srde¢nim
selhdni. Textovou ¢ast ukoncuji ¢esky a anglicky souhrn
s naslednym seznamem zkratek (strany 177-182). Uplné
kone¢nym je dvousloupcovy rejstiik (strany 181-187). Od-
borny text je (od strany 31) doplnén radou dvou- i poly-
barevnych obrazk( a tabulek. Na konci kazdé kapitoly je
razné dlouhy seznam literatury.

Srdecni selhani je velmi zavazny stav, v néjz maze vy-
Ustit fada kardiopatii. Kond¢i jim nejen témér vsechny for-
my ischemické srde¢ni choroby, ale i fada neischemickych
kardiomyopatii. Ve statistice pFicin umrti trvale figuruje
srdec¢ni selhani na jednom z pfednich mist. Obrovsky po-
krok prinesly do diagnostiky nové zobrazovaci metody
(echokardiografie, CT, MR) a endomyokardidlni biopsie,
v terapii betablokatory inhibitory angiotenzin konvertu-
jiciho enzymu, sartany, antagonisté mineralokortikoid-
nich receptord, neprilysinu a glifloziny.

Tato ,mald” kniha pfindsi fadu vyznamnych moder-
nich fakt. Maly kolektiv autori pod vedenim zkuseného
internisty, kardiologa a farmakologa profesora Vitovce
pfinesl fadu modernich poznatkt jak z oblasti diagnosti-
ky, tak (pfedevsim) terapie a napsal kvalitni knihu.

Komu knihu doporucit?

Vsem lékarlm, ktefi l1é¢i pacienty se srdecnim selhdnim.
Predevsim kardiologlim, gerontologlim a rehabilita¢nim
[ékaram.

Prof. MUDr. Jan Petrasek, DrSc.,

Ill. interni klinika, 1. lékarska fakulta

Univerzity Karlovy a Vseobecna fakultni nemocnice
v Praze, e-mail: petrjanv@email.cz
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Libor Jelinek, Samuel Genzor, Jan Vaclavik a kolektiv

Adherence k medikaci
kardiovaskularnich
onemocnéni v praxi

ny vytisk.

Cena: 390 Kc.

Tri editori, ale i soucasni autofi nékolika kapitol pfizvali
k napsani této knihy dalSich deset spoluautord. Byli to
predevsim pracovnici Lékarské fakulty Univerzity Palacké-
ho v Olomouci a Lékarské fakulty Ostravské univerzity.
Odborny text je rozdélen na obecnou a specidlni ¢ast.
Obecnou cast tvori Sest kapitol (48 stran), specialni ¢ast
devét kapitol (114 stran). Do obecné casti bylo zarazeno
Sest kapitol: 1. kapitola: Definice a terminologie (stra-
ny 5-8), 2. kapitola: Historie adherence (strany 9-10),
3. kapitola: Méreni adherence (strany 11-22), 4. kapito-
la: Patologie adherence a zakladni principy komunikace
s non-adherentnim pacientem (strany 23-25), 5. kapitola:
Intervence ke zlepseni adherence (strany 26-42), posled-
ni, Sestd kapitola obecné ¢asti se vénuje psychologickym
aspektm adherence (strany 43-48). Specialni ¢ast od-
borného textu zacind v poradi sedmou kapitolou: Ad-
herence k medikaci u srde¢niho selhani (strany 49-63),
ndsledovana druhou vyznamnou osmou kapitolou Ad-
herence u arteridlni hypertenze (strany 64-77). Devata
kapitola je o adherenci k hypolipidemické terapii (strany
78-90), predchazi desatou kapitolu Adherence k rezimo-
vym opatfenim u kardiovaskuldrnich onemocnéni (strany
91-102). Zfejmé k nejkratSim patfi jedendacta kapitola,
jez se zabyva adherenci k antiarytmické terapii (strany
103-114). Dvanacté kapitola nese nazev Adherence k pfi-
mo puUsobicim antikoagulanciim (strany 115-128). Tfinac-
ta kapitola se vénuje adherenci u osob s chlopenni vadou
nebo protetickou ndhradou (strany 129-137), ¢&trnacta
kapitola adherenci k dechové rehabilitaci (138-143). Cel-
kové je ¢trnactd kapitola nejkratsi kapitolou celé knihy.
Patnacta je kapitola o adherenci u syndromu spankové
apnoe (strany 144-154). Sestnactd a posledni kapitola
Adherence a kardiovaskularni komplikace u chronické

Libor Jelinek, Samuel Genzor,
Jan Vaclavik a kolektiv: Adherence k medikaci
kardiovaskularnich onemocnéni v praxi

Praha, Grada Publishing, a.s., 2025, 171 stran.
Vydani prvni, format 224 x 167 mm, mékka (brozovana) vazba, barev-

ISBN: 978-80-271-7877-3 (ePub).
ISBN: 978-80-2717876-6 (pdf).
ISBN: 978-80-271-5494-4 (print).

obstruk¢ni plicni nemoci (strany 155-162) textovou od-
bornou ¢&ast knihy uzaviraji. Dosti rozsadhla literatura je
na konci kazdé specialni kapitoly a sumarné pro kapitoly
1-5. Ozivenim standardniho obsahu jsou kratké odstavce
~take-home message” umisténé ke konci vsech kapitol,
jejichZ text je rdzové podbarven. Nasleduji seznam zkra-
tek (stranky 163-167), jednostrankovy cesky souhrn, jed-
nostrankové anglické summary a pfilis stru¢ny (strany 170
a 171) dvousloupcovy rejstiik (napf. zmifiovany odstavec
take-home message”, ackoliv je v textu uvede Sestnact-
krat, v rejstfiku chybi).

Téma knihy se v nasi literatufe objevuje poprvé, acko-
liv knih s kardiologickou problematikou je velka rada. Je
nutné ocenit i skutecnost, Zze kazdé téma je na pocatku
kapitoly predstaveno stru¢nym dvodem a na konci kapi-
toly dokumentovano kratkou kazuistikou ukazujici jeho
vyuziti v praxi. Odborny text knihy zaslouzi pochvalu,
i kdyz jen dva z autorl jsou kvalifikovani pedagogové.
Jako vzdy se osvédcily barevné ilustrace. Nakladatelstvi
Grada obohatilo domaci knizni trh kvalitnim kardiologic-
kym titulem.

Komu knihu doporucit?

Tato ,mald monografie” prindsi informace o zvlasté
dulezité a zajimavé problematice, s niz se vsichni Iékafi
setkdvaji, bez rozdilu specializace, v kazdodenni praxi.
Zv|asté pro mladé lékare by to méla byt povinna cetba.

Prof. MUDr. Jan Petrasek, DrSc.,

Il interni klinika, 1. Iékarska fakulta Univerzity Karlo-
vy a Vseobecna fakultni nemocnice v Praze,

e-mail: petrjanv@email.cz
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KONFERENCE CESKE ASOCIACE
AKUTNI KARDIOLOGIE

@ 30.11.-2.12. 2025 | HOTEL THERMAL, KARLOVY VARY

Bohaty program, zaméreny na akutni a intenzivni kardiologickou
péci, bude doplnén péti workshopy pro lékare a jednim pro sestry.
Paralelné s lékar'skymi bloky bude probihat sesterska sekce.

Program pokryje vsechny zasadni aspekty akutni kardiologické
péce a my doufédme, Ze Vas zaujme.

REGISTRUJTE SE NA WWW.KARDIO-CZ.CZ
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