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

Obsahuje Uvodniky, plvodni sdéleni, prehledové ¢lanky i kratka sdéleni z kli-
nické a experimentélni kardiologie. Pocinaje rokem 2012 jsou v Cor et Vasa
publikovéany také souhrny (5 000 slov) z doporucenych postupt Evropské kar-
diologické spolecnosti, pfipravené prednimi ¢eskymi odborniky.

Priloha Cor et Vasa Kardio pfinasi recenze knih, abstrakta z vybranych
kongresU, zpravy z kongrest a konferenci, voleb a diskusi, polemiky, ko-
mentéfe, informace z Ceské kardiologické spole¢nosti, Ceské spole¢nosti
kardiovaskularni chirurgie a Evropské kardiologické spole¢nosti i aktualni
mezindrodni zprdvy a témata.

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

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

Cor et Vasa je citovana v databazich EMBASE, Scopus, Bibliographia medica
Cechoslovaca, ESC Search Engine a Emerging Sources Citation Index spole¢-
nosti Thomson and Reuters.

Prispévky do casopist zpracované podle pokynd autordm 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.

Zadny z material( publikovanych v ¢asopise Cor et Vasa nesmi byt jakkoli
kopirovan nebo rozmnozovan za Gc¢elem dal$iho $ifeni bez pisemného sou-
hlasu vlastnika autorskych prav. Pofizovat a rozesilat kopie obsahu tohoto
Casopisu nebo jeho ¢asti je oprdvnéna pouze redakce.

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

It features editorial, original articles, review articles, as well as short communi-
cations from clinical and experimental cardiology. Beginning 2012, Cor et Vasa
has also been publishing summaries (5 000 words) of the European Society of
Cardiology guidelines, developed by leading Czech experts in the field.

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 and Emerging Sources Cita-
tion Index, the indexing database of Thomson Reuters.

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.

None of the materials published in Cor et Vasa may be copied or repro-
duced in any form or by any means for the purpose of their dissemi-
nation without the written permission of the copyright holder. It is the sole
responsibility of the Editorial Office to make and distribute copies of the
content of this journal or parts thereof.

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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Kontext: Srdec¢ni selhani (heart failure, HF) se zachovanou ejek¢ni frakcei (EF) predstavuje v posledni dobé
zavazny zdravotni problém. Je prokazano, ze je vyznamnou pficinou kardiovaskularni morbidity a mortality.
Pii srdecnim selhani se snizenou EF ¢asto dochazi k dysfunkci pravé komory jako postizeni spojenému s po-
ruchou funk¢ni kapacity a nepfiznivou prognézou.
Cil: Cilem této prace bylo hodnotit systolickou a diastolickou funkci pravé komory u pacientd se srde¢nim
selhanim a zachovanou ejek¢ni frakei levé komory (LVEF).
Metody: Do studie bylo zafazeno 50 pacientt se srde¢nim selhanim se zachovanou ejek¢ni frakei (heart fail-
ure with preserved ejection fraction, HFpEF), , diastolickym srdecnim selhanim” (LVEF > 50 %) a 50 zdravych
jedincd srovnatelného pohlavi a véku. U vSech Ucastnikd studie se zaznamenéval krevni tlak a bylo prove-
deno vysetieni krve i Uplné echokardiografické vysetfeni pravé komory (right ventricle, RV) a klasické 2D
echokardiografické vysetieni levé komory (left ventricle, LV).
Vysledky: Pfi pouziti kritérii frak¢ni zména plochy pravé komory (right ventricular fractional area change,
RV FAC), maximalni vychyleni trikuspidalniho prstence v systole (tricuspid annular plane systolic excursion,
TAPSE), vrcholova systolicka rychlost (St) trikuspidalniho prstence (peak systolic tricuspid annular tissue velo-
city, S') a dopplerovsky index vykonnosti myokardu (tissue Doppler myocardial performance index, TD MPI)
byla nalezena prevalence systolické dysfunkce pravé komory ve vysi 30, resp. 34, 32 a 36 %. Pfi hodnoceni
pulsni a tkanovou dopplerovskou echokardiografii s kritérii trikuspidalniho pomeéru E/A (T E/A), trikuspi-
dalniho decelara¢niho casu (tricuspid deceleration time, TDT) a trikuspidalniho poméru E/E* (T E/E') Cinila
prevalence diastolické dysfunkce pravé komory 64, resp. 32 a 48 %.
Zavér: Systolickd a diastolicka dysfunkce pravé komory nebyla u pacientl se srde¢nim selhanim se zachova-
nou ejekéni frakci nijak vyjimecna.

© 2021, CKS.

ABSTRACT

Background: Heart failure (HF) with preserved ejection fraction (EF) has recently become an important
health problem. It has been established as a major cause of cardiovascular morbidity and mortality. In heart
failure with reduced ejection fraction right ventricular dysfunction is common and is associated with im-
paired functional capacity and poor prognosis.

Aim: The aim of this work was to study the right ventricular systolic and diastolic functions in patients with
heart failure and preserved left ventricular ejection fraction.

Methods: We included fifty patients with heart failure with preserved ejection fraction (HFpEF), “diastolic
heart failure” (LVEF > 50%) and fifty normal subjects, comparable for sex and age. All subjects underwent
blood pressure measurement, laboratory blood tests, complete right ventricle (RV) and conventional left
ventricle (LV) 2D echocardiographic study.

Results: The prevalence of right ventricular (RV) systolic dysfunction in patients with heart failure was 30,
34, 32 and 36%, by using right ventricular fractional area change (RV FACQ), tricuspid annular plane systolic
excursion (TAPSE), peak systolic tricuspid annular tissue velocity (S') and tissue Doppler myocardial perfor-
mance index (TD MPI) criteria, respectively. The prevalence of right ventricular diastolic dysfunction studied
by pulsed and tissue Doppler echocardiography was 64, 32, and 48%, using tricuspid E/A ratio (T E/A), tricu-
spid deceleration time (TDT) and tricuspid E/E’ ratio (T E/E') criteria, respectively.

Conclusion: The prevalence of right ventricular systolic and diastolic dysfunctions was not uncommon in
patients with heart failure with preserved ejection fraction.
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Introduction

Heart failure (HF) with preserved ejection fraction (EF),
“diastolic heart failure”, has recently become an impor-
tant health problem. It has been established as a major
cause of cardiovascular morbidity and mortality."? The
mortality of this clinical syndrome is similar to that of HF
with reduced left ventricular ejection fraction, previously
called systolic HF.2

Diastolic heart failure is defined as a condition caused
by increased resistance to the filling of one or both ven-
tricles; this leads to symptoms of congestion from the
inappropriate upward shift of the diastolic pressure-vol-
ume relation.* Vasan and Levy® used 2 types of criteria to
classify diastolic HF diagnosis into 3 categories: definitive,
probable, and possible (Table 1).

Heart failure may be associated with a wide spectrum
of LV functional abnormalities, which may range from pa-
tients with normal LV size and preserved EF to those with
severe dilatation and/or markedly reduced EF. In most pa-
tients, abnormalities of systolic and diastolic dysfunction
coexist, irrespective of EF. Ejection fraction is considered
important in a classification of patients with HF because
of differing patient demographics, comorbid conditions,
prognosis, and response to therapies (Table 2).°

Pathophysiology of diastolic heart failure

Diastolic function is determined by the passive elastic pr-
operties of the left ventricle and by the process of active

Table 1 - Criteria for the diagnosis of diastolic heart failure®

relaxation. The effects of impaired active myocardial re-
laxation can further stiffen the ventricle. As a result, the
curve for left ventricular diastolic pressure in relation to
volume is shifted upward and to the left (Fig. 1) and the
diastolic pressure is elevated.®

Diastolic
heart failure

Systolic
heart failure

Normal

Left ventricular pressure

.J %
o~ #

. .
— B
aamnss® T
T T T T

Left ventricular volume

Fig. 1 - Schematic left ventricle pressure-volume relationship
through one cardiac cycle in systolic heart failure (left), a normal
control (center), and diastolic heart failure (right). The dominant
functional abnormality in systolic heart failure is a decrease in LV
contractility, as evidenced by a decrease in the slope of the end-
-systolic pressure-volume relationship. However, the predominant
functional abnormality in diastolic heart failure is an increase in
diastolic stiffness, as evidenced by an upward and leftward shift of
the diastolic pressure-volume relationship.’

Definitive diagnosis Probable diagnosis

Definitive clinical evidence of heart failure, and

Normal left ventricular systolic function
with ejection fraction (EF) >50% deter-
mined in the 72 hours following clinical
decompensation and tion

Objective evidence of diastolic dysfunction
in the hemodynamic study (increase in
diastolic pressure with normal or reduced
diastolic volume)

Definitive clinical evidence of heart failure, and

Normal left ventricular systolic function
with ejection fraction >50% determined in
the 72 hours following clinical decompensa-

Possible diagnosis
Definitive clinical evidence of heart failure, and

Normal left ventricular systolic function
with ejection fraction >50% determined
outside of the 72 hours following clinical
decompensation

Table 2 - Definitions of HFrEF and HFpEF’

EF (%)

I. Heart failure with reduced <40
ejection fraction (HFrEF)

Classification Description

II. Heart failure with >50
preserved ejection fraction
(HFpEF)
a. HFpEF, borderline 41

to 49
b. HFpEF, improved >40

Also referred to as systolic HF. Randomized controlled trials have mainly enrolled patients with
HFrEF, and it is only in these patients that efficacious therapies have been demonstrated to date.

Also referred to as diastolic HF. Several different criteria have been used to further define HFpEF.
The diagnosis of HFpEF is challenging because it is largely one of excluding other potential noncar-
diac causes of symptoms suggestive of HF. To date, efficacious therapies have not been identified.

These patients fall into a borderline or intermediate group. Their characteristics, treatment pat-
terns, and outcomes appear similar to those of patients with HFpEF.

It has been recognized that a subset of patients with HFpEF previously had HFrEF.

These patients with improvement or recovery in EF may be clinically distinct from those with per-
sistently preserved or reduced EF. Further research is needed to better characterize these patients.

EF - ejection fraction; HF - heart failure; HFpEF — heart failure with preserved ejection fraction; HFrEF — heart failure with reduced ejection

fraction.
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Classification

I. Systemic
Hypertension
Diabetes mellitus
Advanced age
Renal insufficiency
Thyrotoxicosis

Il. Myocardial
Coronary artery disease
Valvular disease
Aortic stenosis
Cardiomyopathies
Hypertrophic obstructive
Restrictive
Idiopathic

Il Infilerative

Hemochromatosis
Sarcoidosis
Idiopathic

IV. Pericardial
Pericardial effusion
Constrictive pericarditis

Fig. 2 - Causes of diastolic heart failure.™

Prevalence and etiology

It was found that 40 percent of patients with heart fai-
lure have preserved systolic function.’ The incidence of
diastolic heart failure increases with age and it is more
common in older women. Hypertension and cardiac ische-
mia are the most common causes of diastolic heart failure
(Fig. 2)."

In heart failure with reduced ejection fraction (HFrEF),
right ventricular dysfunction (RVD) is common' and is
associated with impaired functional capacity and poor
prognosis.” In HFrEF, ischemic or myopathic processes

Normal diastolic dysfunction

Mild diastolic

may directly involve the right ventricle (RV) and lead to
RVD. lIsolated insults to the left ventricle (LV) can lead
to pulmonary hypertension (PH) and neurohumoral and
cytokine activation. The resulting RV pressure overload,
inflammation and altered RV myocardial gene expression
promote RVD in the absence of primary RV myocardial
injury."

The role of transthoracic echocardiography

Since the documentation of a normal or near-normal LV
ejection fraction it is necessary for the diagnosis of heart
failure with preserved ejection fraction (HFpEF), so echo-
cardiographic evaluation is essential for proper diagnosis.

Doppler echocardiography

In normal sinus rhythm, diastolic flow from the left atri-
um to the left ventricle across the mitral valve has two
components — the E wave, which reflects early diastolic
filling, and the A wave, in late diastole, which reflects
atrial contraction. Alterations in the pattern of these ve-
locities give insight into left ventricular diastolic function
and into prognosis (Fig. 3).1¢

The abnormal relaxation pattern represented reduced
velocity of early filling (E wave), an increase in the velocity
associated with atrial contraction (A wave), and a ratio of
E to A that is lower than normal. In more advanced heart
disease, when left atrial pressure has raised the E-wave
velocity and E/A ratio is similar to that in normal subjects
(the pseudonormal pattern). In advanced disease, abnor-
malities in left ventricular compliance may supervene
(called the restrictive pattern because it was originally
described in patients with restrictive cardiomyopathy).''®

Severe diastolic
dysfunction

Moderate diastolic
dysfunction

function (impaired relaxation)  (pseudonormal) (restrictive)
204 2.0 2.0+ 2.0+
3
2 . £ - A -1 E -
ow
rE
>
EE A A 1
g3
£ £ A
._ -
00 0.0 0.0 0.0
Left ventricular . . .
relaxation Normal Impaired Impaired Impaired
Left ventricular Normal Normal to | W Wl
compliance
Atrial pressure Normal Normal to 1 M 0

Fig. 3 - Patterns of LV diastolic filling as shown by standard Doppler echocardiography.
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Treatment of diastolic heart failure

Although the conclusive data on specific therapies for
diastolic heart failure are lacking, the American College
of Cardiology and the American Heart Association joint
guidelines recommend that physicians address blood pre-
ssure control, heart rate control, central blood volume
reduction, and alleviation of myocardial ischemia when
treating patients with diastolic heart failure (Table 3)."”

Aim of work

The current study aimed to comprehensively assess right
heart function in HFpEF.

Patients and methods

The case-control study conducted on fifty patients with
preserved LV ejection fraction “diastolic” heart failure
selected from the outpatient clinic at Cairo University
Hospital. Fifty healthy age and sex matched subjects were
recruited as controls. Patients with atrial fibrillation, atri-
al flutter, bundle branch block, congenital heart diseases,
valvular heart diseases or reduced ejection fraction were
excluded from the study. The study protocol was appro-
ved by the local Ethics Committee.

All patients were subjected to detailed medical history
and clinical examination. Diabetes mellitus was defined
as fasting plasma glucose >126 mg/dl and/or random
plasma glucose 2200 mg/dl and/or self-reported diabe-
tes.’® Hypertension was defined according to the recently
released American College of Cardiology (ACC)/American
Heart Association (AHA) hypertension guidelines.’

Echocardiography study

Transthoracic echocardiography was performed in all pa-
tients using General Electric VIVID 7 (GE HealthMedical,
Horten, Norway). Images were obtained using a 2.5 MH,
transducer. Conventional two-dimensional echocardio-

graphy including M-mode was performed on all patients
according to the American Society of Echocardiography
(ASE) recommendations.?®

The left ventricle end-systolic (LVESD) and end-diastol-
ic diameters (LVEDD), left ventricle free wall posterior
wall thickness (PWT), and interventricular septum thick-
ness (IVS), left ventricular ejection fraction (LVEF) and
chambers quantification were measured according to the
recommendations of the American Society of Echocar-
diography.?°

Left ventricle mass was calculated using the Devereux
formula.?" The LV mass index (LVMI, g/m?) was defined as
LV mass divided by body surface area (m?). The reference
ranges used to define left ventricle hypertrophy was left
ventricle mass index above 115 and 95 g/m? for males and
females, respectively.?

The analysis of trans-mitral inflow velocities was ob-
tained by the pulsed Doppler in the apical four chamber
view with the sample volume placed at the mitral valve
leaflet tips. Measurements included the trans-mitral early
diastolic peak flow velocity (E), late diastolic flow veloc-
ity (A), their ratio (M E/A), and deceleration time (E-DT).%

Right ventricular length and diastolic diameters were
measured at the base- and mid-ventricle perpendicularly
to the septum.?* Tricuspid annular plane systolic excursion
(TAPSE), pulsed Doppler S wave (S) and fractional area
change (FAC) have, by far, the most available reference
data to support their use in the evaluation of the right
ventricle systolic function.?® Tricuspid annular plane sys-
tolic excursion (TAPSE) represents the systolic movement
of the base of the RV free wall. TAPSE is a method to
measure the distance of systolic excursion of the RV annu-
lar segment along its longitudinal plane, from a standard
apical 4-chamber window. TAPSE <17 mm is highly sug-
gestive of RV systolic dysfunction (Fig. 4).%

Right ventricle 2D fraction area change (FAC) provides
an estimate of global RV systolic function. It is important
to ensure that the entire right ventricle is contained in
the imaging sector including the apex and the free wall
during both systole and diastole. RV FAC <35% indicates
RV systolic dysfunction (Fig. 5).2°

Tissue Doppler imaging was used to obtain RV myocar-
dial velocities in the apical 4-chamber view with a 2 mm

Table 3 - Recommendations for treatment of HFpEF’

Recommendations COR LOE
Systolic and diastolic blood pressure should be controlled according to published clinical | B
practice guidelines

Diuretics should be used for relief of symptoms due to volume overload | C
Coronary revascularization for patients with CAD in whom angina or demonstrable myocardial ischemia is lla C
present despite GDMT

Management of AF according to published clinical practice guidelines for HFpEF to improve symptomatic HF lla C
Use of beta-blocking agents, ACE inhibitors, and ARBs for hypertension in HFpEF lla C
ARBs might be considered to decrease hospitalizations in HFpEF lib B
Nutritional supplementation is not recommended in HFpEF lll: No benefit C

ACE - angiotensin-converting enzyme; AF - atrial fibrillation; ARB - angiotensin-receptor blocker; CAD - coronary artery disease; COR -
class of recommendation; GDMT - guideline-directed medical therapy; HF — heart failure; HFpEF — heart failure with preserved ejection

fraction; LOE - level of evidence.”
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Fig. 4 - Measurement of tricuspid annular plane systolic excursion
(TAPSE).

Fig. 5 - Right ventricle 2D fraction area change. Manual tracing of
the right ventricle endocardial border from the lateral tricuspid
annulus along the free wall to the apex and back along the inter-
ventricular septum to the medial tricuspid valve annulus. Measure-
ments done at end-diastole and end-systole.?

sample volume placed at the lateral segment of tricuspid
annulus during early diastole (E’) and systole (S7).%°

The parameters necessary for the calculation of the
MPI or Tei index were obtained by the tissue Doppler in
the apical 4-chamber view.?

The isovolumic contraction time (IVCT) and isovolumic
relaxation time (IVRT) were measured from the end of
the late diastolic (A") wave to the onset of the systolic
wave (S°), and from the end of the systolic wave (S°) to the
onset of the early (E’) wave, respectively.

The ejection time (ET) was defined as the duration of
(S’) wave. MPI for the RV was calculated according to the
formula: MPI = (IVCT + IVRT)/ET.

RIMP > 0.54 by Doppler tissue imaging indicate RV dys-
function (Fig. 6).2°

RV diastolic function: E/A ratio, E/E" ratio and decel-
eration time (DT): Tricuspid flow velocities were achieved
by the standard pulsed Doppler technique in the apical
4-chamber view placing the sample volume at the tips of
the tricuspid leaflets. The following parameters were de-
termined: early diastolic peak flow velocity (E), late dia-

MPI = (IVCT + IVRT) / ET |

=(a=-b)/b

tissue Doppler imaging.* ET - ejection time; IVCT - isovolumic con-
traction time; IVRT - isovolumic relaxation time.

stolic flow velocity (A), their ratio (E/A), and deceleration
time (DT).

Abnormal RV diastolic function was present if tricuspid
E/A ratio <0.8 or >2.0, E/E' ratio > 6 and E wave decelera-
tion time (<119 or >242 ms).?°

Statistical analysis

Data were analyzed with the Statistical Package for the
Social Sciences (SPSS for Windows software package ver-
sion 21.0; SPSS, Inc., Chicago, IL, USA). Continuous varia-
bles were presented as mean = standard deviation (SD)
and compared by using the t-test for two independent
samples as they showed a normal distribution. Median
and range and the Mann-Whitney U-test were used for
variables that showed non normal distribution. Catego-
rical variables were presented as frequency and percen-
tage. Differences in proportions were compared by using
the Chi-square test. Correlations were sought using the
Spearman and Pearson correlation analyses where appro-
priate to determine correlation between different demo-
graphic, clinical, and echocardiographic parameters; a va-
lue < 0.05 was considered statistically significant.

Results

The study population included 100 individuals divided
into two groups. Fifty patients were diagnosed as dia-
stolic heart failure (DHF) and the other 50 were healthy
subjects and were included as a control group. There was
an important statistical difference in the systolic and dia-
stolic blood pressure measurements between the two
groups (Table 4).

We found that 84% (n = 42) of patients with DHF were
hypertensive, 32% (n = 16) were diabetics, 38% (n = 19)
had coronary artery disease (CAD) (documented by re-
gional wall motion abnormalities, ECG changes of myo-
cardial ischemia or by history of revascularization) and
only 2 patients with hypertrophic cardiomyopathy (HCM)
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diagnosed by identification of hypertrophied LV of wall
thickness typically 215 mm in adults without another un-
derlying cause.

In DHF group, the main presenting symptom was dys-
pnea, and the most common presenting sign was bilat-
eral pitting lower limb edema and S4 over the apex. Clini-
cal presentation was ranging from NYHA class | to NYHA
class IV (Fig. 7).

Echocardiography parameters

The ratio between trans-mitral early diastolic flow (E) and
late diastolic mitral flow (A) was significantly decreased
among the DHF patients (1.0+0.4 vs. 1.2+0.1, p = 0.002).
EF was significantly decreased (58.2+4.3 vs. 65.4+3.8%, p
< 0.001) among DHF patients (Table 5).

RV basal, mid and longitudinal diameters were increased
in DHF group compared to the control group (4.0 vs. 3.2
cm, p <0.001), (3.3 vs. 2.6 cm, p <0.001) and (7.6 vs. 6.7
cm, p <0.001), respectively.

The prevalence of RV systolic dysfunction in DHF pa-
tients was 34, 30, 32, and 36%, by using tricuspid annular
plane systolic excursion (TAPSE), RV fraction area change
(RV FACQ), peak systolic tricuspid annular tissue velocity
(RV'S"), and tissue Doppler myocardial performance index
(TD MPI) criteria, respectively.

The prevalence of RV diastolic dysfunction in DHF pa-
tients was 64, 32, and 48%, by using tricuspid E/A ratio (T
E/A), tricuspid deceleration time (TDT) and tricuspid E/E
ratio (T E/E') criteria, respectively (Table 6).

Using Pearson Correlation Coefficient analysis SBP had
significant positive correlation to the RV (TD MPI) (r =
0.117, p = 0.01) (Fig. 8A) while it shows a negative cor-
relation with T E/A ratio (r = -0.164, p = 0.013) (Fig. 8B).

Discussion

Diastolic heart failure is a major cause of morbidity and
mortality. It is defined as symptoms of heart failure in
a patient with preserved LV systolic function. It is cha-
racterized by a stiff left ventricle with decreased compli-
ance and impaired relaxation, which leads to increased
end-diastolic pressure. Hospital- and community-based
reports indicate that about one fourth to one half of pa-
tients with heart failure have normal LV systolic function.

RV dysfunction has been observed in a variety of set-
tings, including obesity, cystic fibrosis, chronic aortic ste-
nosis and arterial hypertension.?’-? The impairment of RV

Grades of NYHA classification

Class| = Classll = Classlll = Class IV

Fig. 7 - New York Heart Association (NYHA) functional classifica-
tion of diastolic DHF group.

function in left-sided heart failure has been linked to ven-
tricular interdependence, which is often present in heart
failure being most apparent with changes in loading
conditions such as those seen with volume loading.?*32 In
contrast to the left heart, few studies have examined the
RV in HFpEF.333¢

The current study enrolled 100 subjects divided into
two groups; a group of fifty patients with DHF compared
to fifty healthy subjects as controls. The mean age of the
patients with DHF was 50.9+7.7 years old.

Concordant with previous studies® that found the
prevalence of RV systolic dysfunction in patients with HF-
pEF was one third to one half, we found that the preva-
lence of RV systolic dysfunction in patients with DHF was
30-36%.

A recent study found that RV diastolic and systolic
dysfunction was found in 60% and 30%, respectively, in
hypertensive patients. Possible causes of these structural
and functional changes in the RV are translation of the
increased LV filling pressure in the pulmonary circulation
and interaction of the right and left ventricle.®

Yu et al.¥” found that RV diastolic dysfunction is com-
mon in patients with heart failure as nearly 60% of pa-
tients had prolonged tricuspid isovolumic relaxation time
and 55% of patients had reversed tricuspid E/A ratio.
However, the study reported the prevalence in overall
heart failure patients irrespective of reduced or preserved
ejection fraction heart failure. We found that tricuspid

Table 4 - Demographic characteristics and clinical parameters of the study groups

Non-DHF Group

Variables MeanzSD
Age (years) 50.9+7.7

0 Males 24 (48%)
e B7lE) Females 26 (52%)
SBP (mmHg) 120 (100-130)
DBP (mmHg) 80 (70-85)

DHF Group
Mean+SD p-value
54.3+12.1 0.099

0,
ﬁiﬂiﬁfﬁz‘g ?5/;2%) 1000
150 (130-170) <0.001
90 (70-120) <0.001

DBP - diastolic blood pressure; DHF - diastolic heart failure; SD - standard deviation; SBP - systolic blood pressure.
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Table 5 - Echocardiographic parameters of the study groups

Non-DHF Group

Variables Meap:SD/
Median (range)/N

AO (cm) 2.6+0.2

LA (cm) 3.0+0.3

SWT (cm) 1.0 (0.8-1.1)

PWT (cm) 0.9 (0.8-1.1)

LVEDD (cm) 3.9+0.2

LVESD (cm) 2.6+0.2

EF (%) 65.4+3.8

FS (%) 34.0 (27-38)

ME/A 1.20.1

DHF Group

Mean=+SD/

Median (range)/N p-value
3.0+0.3 <0.001
3.9+0.3 <0.001
1.1 (1.0-1.5) <0.001
1.0 (0.7-1.6) <0.001
4.7+0.4 <0.001
3.2+0.4 <0.001
58.2+4.3 <0.001
32.0 (26-36) 0.001
1.0+£0.4 0.002

AO - aortic root diameter; EF — ejection fraction; FS — fraction shortening; LA - left atrium diameter; LVEDD - left ventricle end-diastolic
diameter; LVESD - left ventricle end-systolic diameter; ME/A — mitral E/A ratio; PWT - posterior wall thickness; SWT — septum wall thickness.

Table 6 - Right ventricular dimensions and function in the study groups
Non-DHF Group
Variables

Chamber sizes

RVBD (cm) 3.2(3-4)
RVMD (cm) 2.6 (2.3-3.2)
RVLD (cm) 6.7 (5.8-7.2)
Systolic function

TAPSE (cm) 2.4 (2.1-2.6)
RV S (cm/s) 13.8+1.3
TDMPI 0.4+0.04

RV FAC (%) 48.7+1.4
Diastolic function

TE/A ratio 1.4+0.1

T E/E’ ratio 3.9+0.2

TDT (ms) 177.9+5.8

MeanzSD/Median (range)/N

DHF Group

Mean +SD/Median (range)/N p-value
4.0 (4-4) <0.001
3.3 (2.8-3.7) <0.001
7.6 (6.5-8.8) <0.001
1.9 (1.3-2.3) <0.001
11.4+2.4 <0.001
0.5+0.07 <0.001
42.8+7.3 <0.001
0.7+0.2 <0.001
6.9+2.2 <0.001
204.9+33.7 <0.001

DHF - diastolic heart failure; RVBD - right ventricle basal diameter; RVFAC - RV fraction area change; RVLD - right ventricle longitudinal
diameter; RVMD - right ventricle mid-cavity diameter; RV S™ - peak systolic tricuspid annular tissue velocity; SD - standard deviation; TAPSE
— tricuspid annular plane systolic excursion; TDMPI - tissue Doppler myocardial performance index; TDT - tricuspid deceleration time; TE/A

— tricuspid E/A ratio.

E/A ratio was significantly decreased in DHF. Moreover, it
was negatively correlated with systolic and diastolic blood
pressure.

Previous studies® demonstrated that tricuspid and mi-
tral wave velocities have a similar pattern in patients with
systemic hypertension.

Cittadini et al.* stated that RV E/A ratio was strongly
related to homologous LV E/A ratio. This independent as-
sociation suggests a functional interaction of wall passive
diastolic properties between the two ventricles develop-
ing during LV overload pressure.

Our results were also in agreement with Myslinski et
al.* who assessed the RV diastolic function in hypertensive
subjects and demonstrated that impairment of LV diastol-

ic function is associated with diastolic disturbances of the
RV. The current study demonstrated a similar pattern of
tricuspid and mitral wave velocities with a significant sta-
tistical correlation was found between the mitral and the
tricuspid E/A ratio. Our study showed that there is a sig-
nificant relation between the systolic blood pressure, dia-
stolic blood pressure and RV diastolic function evidenced
by reduction of tricuspid E/A ratio and prolongation of
relaxation time.

These results were supported by Cicala et al.?® who
studied RV longitudinal function in arterial systemic hy-
pertension by pulsed tissue Doppler and found that arte-
rial systemic hypertension was associated with RV longitu-
dinal diastolic dysfunction.
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Right ventricular function in HFpEF
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Fig. 8 - (A) Scatter plot showing the correlation between systolic blood pressure (SBP) and right ventricle tissue Doppler myocardial perfor-
mance index TD MPI. (B) Scatter plot showing the correlation between systolic blood pressure (SBP) tricuspid E/A ratio (T E/A).

The current study found that systolic and diastolic blood
pressure levels were positively correlated with septal wall
thickness and negatively with mitral E/A ratio.

The mitral E/A ratio was positively correlated with tri-
cuspid E/A ratio while it showed a negative correlation
with right ventricular TDMPI.

Nunez et al.*' demonstrated that RV wall hypertrophy
occurred in hypertensive subjects. It can be deduced that
the combination of increased posterior wall, septal wall
and RV wall thickness will ultimately lead to progressive
reduction in the RV end-diastolic dimensions before pro-
gressive dilatation may occur in the right heart.

The current study found that RV basal, mid and longi-
tudinal diameters were increased in DHF group compared
to the control group (4.0 vs. 3.2 cm, p <0.001), (3.3 vs. 2.6
cm, p <0.001) and (7.6 vs. 6.7 cm, p <0.001), respectively.

Conclusion

RV systolic and diastolic dysfunctions are common in pa-
tients with heart failure with preserved ejection fraction.
This study recommended more emphasis on the assess-
ment of the RV functions using different echocardiogra-
phy modalities in the follow up of patients with diastolic
heart failure. More studies are needed to clarify the rela-
tionship between RV dysfunction and clinical outcomes in
patients with diastolic heart failure.
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Cil: CHA,DS,-VASc (srde¢ni selhani, hypertenze, vék > 75 let, diabetes mellitus, cévni mozkové pfihoda
v anamnéze, cévni onemocnéni, vékové rozmezi 65-74 let, pohlavi) a HAS-BLED (hypertenze, abnormalni
funkce ledvin/jater, cévni mozkova piihoda, nestabilni INR, starsi osoby, drogy/alkohol) jsou skérovaci systé-
my, s jejichz pomoci Ize hodnotit moZnost vzniku cévni mozkové piihody a krvaceni pfi fibrilaci sini. Cilem
nasi studie bylo posoudit vztah mezi implantovatelnymi kardiovertery-defibrilatory (ICD) a hodnotami skére
CHA,DS,-VASc a HAS-BLED.
Metody: Po kontrole udajli o pacientech starsich 18 let, jimz byl v obdobi 2014-2019, bez ohledu na ddvod,
implantovan ICD a u nichz bylo zjisténo, Ze jejich kardiostimulator byl alespor dvakrat zkontrolovan v pul-
ro¢nim intervalu, bylo do nasi retrospektivni studie zafazeno celkem 398 pacient(i. Skére CHA,DS,-VASc
a HAS-BLED byla vypoctena béhem implantace zafizeni a pfi poslednim kontrolnim vysetreni.
Vysledky: Lécba s pouzitim ICD se provadéla u 148 pacientd (vhodny vyboj [n = 118] a nevhodny vyboj
[n = 30]); ICD nemélo implantovano 250 pacientd. Skére CHA,DS -VASc a HAS-BLED byla v obou skupinach
podobna (p = 0,64, resp. p = 0,60). Skére CHA,DS,-VASc a HAS-BLED byla pfi délce sledovani s medidnem 5,5
roku u pacientd s vhodnym a nevhodnym vybojem podobna (p = 0,89, resp. p = 0,85). Podle multivariacni
regresni analyzy jsou nezavislymi rizikovymi faktory lécby pomoci ICD snizend ejekéni frakce, pouziti jedno-
dutinového ICD a dlouhodoby odstup od implantace (p < 0,05).
Zéavéry: Hodnoty CHA,DS,-VASc a HAS-BLED nejsou spojeny s lécbou pomoci ICD.

© 2021, CKS.

ABSTRACT

Aim: The CHA,DS -VASc (heart failure, hypertension, age >75, diabetes mellitus, stroke history, vascular
disease, 65-74 age range, gender) and HAS-BLED (hypertension, abnormal renal/liver function, stroke, bleed-
ing history, labile INR, elderly, drugs/alcohol) are scoring system for using to estimate stroke and bleeding
development in cases with atrial fibrillation. We aim to evaluate the relationship between the implantable
cardioverter defibrillator (ICD) therapies and CHA,DS,-VASc and HAS-BLED scores.

Methods: 398 patients were included in this retrospective study after reviewing the data of the patients
above the age of 18 who had ICD implantation for any reason between 2014-2019 and who were found to
have at least two pacemaker check-ups with 6-month intervals. CHA,DS,-VASc and HAS-BLED scores were
calculated during the device implantation and last control visit date.

Results: 148 of the patients received ICD therapy (appropriate shock [n = 118] and in appropriate therapy
[n =30]) and 250 of them did not receive any therapy. It was observed that the CHA,DS,-VASc and HAS-BLED
scores were similar in the groups receiving and not receiving therapy (respectively, p = 0.64 and p = 0.60).
CHA,DS,-VASc and HAS-BLED scores were similar in patients with appropriate shock or not (respectively,
p =0.89 and p = 0.85) with median follow-up period 5.5 years. Multivariate regression analysis showed that
reduced ejection fraction, presence of single-chamber ICD, lapsing of a long time after the implantation
were independent risk factors for ICD device therapies (p < 0.05).

Conclusions: CHA,DS,-VASc and HAS-BLED scores are not associated with device-based ICD therapies.
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Introduction

The CHA,DS,-VASc (congestive heart failure, hypertensi-
on, age >75, diabetes mellitus, previous stroke or tran-
sient ischemic attack history, vascular disease, 65-74 age
range, gender category) is a scoring system for estimating
the risk of stroke development in cases with atrial fibrilla-
tion. It was shown that the higher score was associated
with the greater the risk of stroke development.' Even
though it was identified with atrial fibrillation, it was also
reported to predict mortality in heart failure with redu-
ced ejection fraction.? Similarly, a high CHA,DS,-VASc sco-
re was observed to cause increased mortality in patients
with acute pulmonary embolism.? Besides, it was put for-
ward that a high CHA,DS,-VASc score was also correlated
with the increased risk of no-reflow and in-hospital mor-
tality in patients who underwent primary percutaneous
coronary intervention due to ST elevation myocardial in-
farction.* And HAS-BLED (hypertension, abnormal renal/
liver function [1 point each], stroke, bleeding history or
predisposition, labile INR, elderly [> 65 years], drugs/alco-
hol concomitantly [1 point each]) score is a scoring system
developed to estimate the risk of bleeding in patients
who received anticoagulant therapy.’

Despite increasing medical and device treatments in
parallel with technological developments, cardiovascular
deaths are still placed on the top in the world. One of
the approaches that have been shown to decrease mor-
tality in this field is the implantable cardiac defibrillator
(ICD).>% According to current guidelines, mainly reduced
ejection fraction, presence of documented ventricular
arrhythmias or a sudden cardiac arrest history are taken
into account before ICD implantation.®” However, device
therapy is not observed in a significant part of the pa-
tients who had ICD implantation.®® On the other hand,
inappropriate shock therapies, which significantly affect
the quality of life, can be observed in 15-25% of the pa-
tients, and the reason for inappropriate shock therapies
in 60-70% of these patients was found to be atrial fibril-
lation with high ventricular response.’

The relationship of the main titles that comprise the
CHA_DS,-VASc scoring system with each other, their ef-
fects on the development of atrial fibrillation and their
negative effects on cardiac functions are known well. In
this study, our aim is to evaluate the relationship between
the forms of treatment applied by the device in patients
with ICD implantation and the CHA DS,-VASc and HAS-
BLED scoring systems.

Material and method

Patient population

398 patients were included in the study after reviewing
the data of the patients above the age of 18 who had ICD
implantation for any reason in our clinic between 2014-
2019 and who were found to have at least two pacemaker
check-ups visits with 6-month intervals. We tried to inclu-
de patients who were followed up for at least 1 year after
implantation. Apart from ventricular tachycardia (VT) or
ventricular fibrillation (VF), shock therapy was conside-
red as inappropriate shock. Patients who did not receive

any shock therapy but received anti tachycardia pacing
therapy (ATP) were also noted. The CHA,DS,-VASc and
HAS-BLED (hypertension, abnormal renal/liver function
[1 point each], stroke, bleeding history or predisposition,
labile INR, elderly [> 65 years], drugs/alcohol concomitant-
ly [1 point each]) scores of the patients during the device
implantation and last ICD control visit were calculated as
previously described.’>'* The patients were divided into
two groups as patients who received ICD therapy (anti-ta-
chycardia pacing and shock therapy) and patients who did
not. The patients who received ICD therapy were again
divided into two groups as patients who received appro-
priate ICD therapy and patients who did not. The basic
demographic characteristics, additional systemic diseases
(diabetes mellitus, hypertension, coronary artery disease,
etc.) and echocardiographic data of the patients were no-
ted. Meanwhile, the patients’ basic electrocardiographic
data such as heart rhythm, QT interval, and heart rate
and their basic medical treatments were recorded. Basic
echocardiographic data were obtained from the patient’s
files. The time that passed following the pacemaker im-
plantation, the frequency of application for pacemaker
check-up and the type of the pacemaker implantation
were noted. Patients with hypertrophic cardiomyopathy
or a known arrhythmogenic syndromes such as Brugada
syndrome, long QT syndromes, and ICD therapy due to
acute coronary syndromes who need coronary angiogra-
phy or revascularization were excluded from the study.
Besides, the laboratory values of the patients from the
period of shock therapy were recorded, and in the pati-
ents who did not receive shock therapy, their laboratory
values checked in their latest check-ups were recorded.
Figure 1 demonstrates a flowchart of study design. The
study protocol was approved by our Local Ethics Commi-
ttee with 13.09.2019/93/2047 ID number.

Statistical analysis

While producing descriptive statistics, continuous va-
riables were shown as mean * standard or median (in-
terquartile range), and nominal variables were presented
as number of cases (n) and percentage (%). The normality
distribution was evaluated with the Kolmogorov-Smirnov
test. Baseline characteristics were compared with inde-
pendent sample t test, Mann-Whitney U test, chi-squa-
re test or Fisher Exact test where appropriate. For the
multivariate analysis, the possible factors identified with
univariate analyses were further entered into the logistic
regression analysis to determine independent predictors
of ICD therapies. For all tests, a p value <0.05 was regar-
ded as statistically significant. All statistical analyses were
performed by means of SPSS for Windows (SPSS 16, Inc.).

Results

The results of 398 patients who had a mean age of
63.68+13.48 years and 77% of whom were men were
evaluated. It was seen that 148 of the patients received
ICD therapy and 250 of them did not receive any therapy.
In 30.4% (n = 45) of the patients who were receiving ICD
therapy, arrhythmia was terminated with antitachycardia
pacing. Again, according to the monitored ICD therapies,
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Atotal of 466 ICD unplanted patients data were screened.

65 patients were excloded
from the shady,
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Fig. 1 - Flowchart demonstrates the method of study.

the patients were classified as patients who were recei-
ving appropriate shock (n = 118) and patients who were
not (n = 30), and their clinical characteristics were com-
pared.

Accordingly, it was observed that the basic character-
istics of the patient population who received and did not
receive ICD therapy such as age, gender, hypertension,
smoking, diabetes mellitus were distributed similarly, and
there was no difference between the groups. The rate of
ischemic cardiomyopathy was also observed to be similar-
ly distributed in the groups who received therapy (60.6%)
and who did not (59.6%) (p = 0.761). It was observed that
the majority of patients were in sinus rhythm (n = 291,
73%), 8% (n = 32) had AF, and 18.8% (n = 75) were in
pace rhythm at the time of pacemaker implantation. The
mean CHA, DS -VASc score was calculated as 2.77+1.42 in
the whole study population during device implantation.
It was observed that the CHA,DS,-VASc score during im-
plantation date and last control visit were similar in the
groups receiving and not receiving therapy (respectively,
p =0.64 and p = 0.63). When the patients with and with-
out appropriate shock were examined, the CHA,DS,-VASc
score was found to be similar (for implantation date p
value = 0.89, for last control p value = 0.88). It was discov-
ered that the majority of the patients receiving inappro-
priate shock received shock therapy due to atrial fibril-
lation (50%). The mean HAS-BLED score was calculated
as 2.16+1.06 in the whole study population. It was ob-
served that the HAS-BLED score was distributed similarly
in all the groups and did not have statistical significance.
In the patient population receiving shock therapy, it was
witnessed that the ejection fraction was lower, and the
left ventricular indiastolic/systolic diameters and the left
atrium diameter were larger (p < 0.002), however, these

differences were not observed in the patients who re-
ceived and did not receive appropriate shock (p > 0.018).
In Tables 1 and 2, the basic characteristics and compara-
tive analyses of the study population are presented. Mul-
tivariate regression analysis was conducted to identify the
independent risk factors for ICD treatment. Accordingly,
reduced ejection fraction (B = 0.977, p = 0.05), presence
of single-chamber ICD (B = 0.369, p = 0.001), lapsing of
a long time after the implantation (8 = 1.151, p = 0.001)
were found to be the independent risk factors for ICD
device therapies (Table 3).

Discussion

In this study which examines the data of a total of 398
patients it could not be revealed that the CHA,DS -VASc
score, which was shown to set forth the risk of throm-
boembolism in patients with atrial fibrillation, and the
HAS-BLED score, which put forward the risk of bleeding,
were not associated with device-based therapies (ATP,
shock therapy) in patients with ICD. Moreover, we also
found that these scores did not associate inappropriate
ICD shock.

The implantable cardiac defibrillator therapy was
shown to reduce mortality in the individuals who had
high-risk of cardiovascular diseases and had been diag-
nosed with ischemic heart disease, dilated cardiomyopa-
thy, congestive heart failure, or beginning ventricular
arrhythmia.”™' It is known that 50-60% of the patients
received ICD shocks within 911 months following the
implantation.’® Furthermore, ICD shocks, which included
appropriate and inappropriate shocks, were reported to
be correlated with psychological problems, low quality of
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Table 1 - Demographic, clinical, and laboratory characteristics of study population

Variables ICD therapy (+) 1CD therapy (-) p value
n=148 n =250
Age (years) 63.6+13.7 63.7+£13.3 0.97
Sex (female), n (%) 30 (20.3) 61 (24.4) 0.34
Dyslipidemia, n (%) 54 (36.5) 104 (41.6) 0.31
DM, n (%) 41 (28.6) 10 (24.4) 0.66
Hypertension, n (%) 75 (50.7) 124 (49.6) 0.84
Smoking, n (%) 43 (29.1) 79 (31.6) 0.75
Coronary artery disease, n (%) 59 (39.9) 101 (40.4) 0.92
Valve replacement, n (%) 8(5.4) 10 (4.0) 0.32
Ischemic stroke, n (%) 13 (8.8) 16 (6.4) 0.38
LVEF (%) 34.5+11.2 37.7£11.0 0.006
LA diameter (mm) 43.4+7.5 41.7+6.8 0.02
LVEDD (mm) 57.9+10.3 55.4+8.8 0.02
LVESD (mm) 43.3+11.8 40.3+10.6 0.02
Systolic PAB (mmHg) 37.3+11.2 36.0+11.4 0.29
Heart rate (bpm) 69.7+14.9 71.2£14.0 0.35
QRS duration (ms) 112.1+£38.2 107.5+35.2 0.25
QT duration (ms) 410.8+43.1 412.1+49.5 0.79
CHA,DS,-VASc score 2.74+1.38 2.80+1.44 0.64
HAS-BLED score 2.20+1.03 2.15+1.08 0.60
Type of defibrillator
VVI-ICD, n (%) 111 (75) 132 (52.8) <0.001
Dual chamber ICD, n (%) 32 (21) 97 (38.8) <0.001
Cardiac resynchronization therapy, n (%) 5(3.3) 21 (8.4) 0.082
Elapsed time after ICD implantation (years) 6.94+2.95 5.57+3.24 <0.001
Number of pacemaker control 7.6+4.07 4.9+3.47 <0.001
Number of atrial fibrillation during pacemaker control, n (%) 45 (30.4) 32(12.8) <0.001
Medications
B-blocker, n (%) 126 (85.1) 218 (87.2) 0.82
ACEI/ARB, n (%) 114 (77) 195 (78) 0.75
MRA, n (%) 53 (35.8) 92 (36.8) 0.84
Diuretic, n (%) 62 (41.9) 108 (43.2) 0.80
Laboratory results
Creatinine (mg/dl) 1.23+£0.78 1.11+£0.52 0.09
GFR (mL/min/1.73 m2) 73.3+28.5 78.3+29.9 0.10
Hb (g/dl) 13.6+1.9 13.5+2.1 0.56
Platelet (10%/mm?3) 234.5+71.0 228.7+72.3 0.44
Leukocyte (105/mm?) 9.01£3.2 8.83+3.6 0.63
Sodium (mEg/L) 138.2+3.9 138.2+4.3 0.88
Potassium (mEq/L) 4.59+0.57 4.58+0.56 0.93

ACEI - angiotensin-converting-enzyme inhibitor; ARB - angiotensin receptor blocker; DM - diabetes mellitus; GFR - glomerular filtration
rate; Hb — hemoglobin; LA - left atrium; LVEF - left ventricular ejection fraction; MRA - mineralocorticoid receptor antagonist.

life, and increased mortality."" To build up on this topic, it ty, and appropriate or inappropriate ATP therapies do not
has been shown in a recently published meta-analysis that have such an effect.?’ Therefore, the identification of the
appropriate shock therapy is related to increased mortali- predictors of appropriate or inappropriate ICD therapies
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Table 2 - Demographic, clinical, and laboratory characteristics of ICD therapy (+) population according to appropriate shock

Variables Appropriate therapy Inappropriate therapy p value
(n=118) (n =30)
Age (years) 63.4+13.1 64.7+£16.3 0.62
Sex (female), n (%) 25 (21.1) 6 (20) 0.88
Dyslipidemia, n (%) 43 (36.4) 10 (33.3) 0.75
DM, n (%) 33 (28.0) 7 (24.3) 0.61
Hypertension, n (%) 59 (50.0) 16 (53.3) 0.74
Smoking, n (%) 35(29.7) 8(26.7) 0.76
Coronary artery disease, n (%) 71 (60.2) 19 (63.3) 0.75
Valve replacement, n (%) 7 (5.9) 1(3.3) 0.85
Ischemic stroke, n (%) 9 (7.6) 4(13.3) 0.32
LVEF (%) 33.9+10.3 37.0+14.3 0.18
LA diameter (mm) 43.2+6.8 44.5+10.0 0.44
LVEDD (mm) 57.9+9.8 58.5+£12.7 0.78
LVESD (mm) 43.3+11.4 43.7+14.4 0.88
Systolic PAB (mmHg) 36.8+10.9 39.9+12.3 0.21
Heart rate (bpm) 69.2+14.2 69.6+11.0 0.88
QRS duration(ms) 111.4+38.2 113.9+45.8 0.74
QT duration (ms) 409.9+41.8 415.3+46.5 0.55
CHA,DS,-VASc score 2.73x1.30 2.76x1.69 0.89
HAS-BLED score 2.21£1.01 2.17£1.13 0.85
Type of defibrillator
VVI-ICD, n (%) 89 (75.4) 22 (73.3) 0.642
Dual chamber ICD (n/%) 25 (21.1) 7 (23.3) 0.549
Cardiac resynchronization therapy (n/%) 4(3.3) 1(3.3) 0.992
Elapsed time after ICD implantation (years) 6.92+2.96 7.06+3.01 0.82
Number of pacemaker control (n) 7.55+4.06 7.96+4.96 0.620
Number of atrial fibrillation during pacemaker control (n/%) 30 (25.4) 15 (50) < 0.001
Medications
B-blocker, n (%) 99 (83.9) 27 (90) 0.40
ACEI/ARB, n (%) 91 (77.1) 23 (76.7) 0.95
MRA, n (%) 40 (33.9) 13 (43.3) 0.34
Diuretic, n (%) 49 (41.5) 13 (43.3) 0.85
Laboratory results
Creatinine (mg/dl) 1.28+0.85 1.03+£0.32 0.11
GFR (mL/min/1.73 m2) 71.2£27.9 82.4+28.9 0.06
Hb (g/dl) 13.7+1.9 13.6+1.7 0.85
Platelet (103 /mm?3) 235.7£72.5 228.6+66.2 0.63
Leukocyte (10/mm?) 8.94+3.2 9.13+£3.5 0.78
Sodium (mEg/L) 138.0+3.9 139.0+3.6 0.21
Potassium (mEq/L) 4.59+0.57 4.57+0.57 0.88

ACEI - angiotensin-converting-enzyme inhibitor; ARB - angiotensin receptor blocker; DM - diabetes mellitus; GFR — glomerular filtration
rate; Hb — hemoglobin; LA - left atrium; LVEF - left ventricular ejection fraction; MRA - mineralocorticoid receptor antagonist.

represents a significant step in selecting and following-up implantation, occurrence of VT during myocardial infarc-
the patients who will have ICD implantation. In the stud-  tion, sedentary lifestyle, kidney failure, ejection fraction
ies conducted, observation of documented VT before ICD  <35%, emotional stress status, depression, smoking or



Y. Alsancak et al.

309

Table 3 - Multivariate logistic regression analysis for ICD therapy prediction

p value

Hypertension 0.234
Diabetes mellitus 0.712
LVEF 0.05
LA diameter 0.361
GFR 0.161
Betablocker 0.562
CHA,DS,-VASc 0.132
HAS-BLED 0.542
VVI-ICD <0.001
Elapsed time after ICD implantation <0.001

Exp(B) 95% Cl for EXP(B)
Lower Upper

0.831 0.658 1.142
0.912 0.556 1.285
0.977 0.955 1.000
1.017 0.981 1.055
0.994 0.986 1.002
0.992 0.860 1.007
0.982 0.943 1.106
0.984 0.931 1.001
0.369 0.229 0.596
1.151 1.072 1.235

GFR - glomerular filtration rate; LA - left atrium; LVEF - left ventricular

not receiving betablocker treatment of ICD shock therapy
have been shown to be predictors for ICD shock thera-
py.2"? Lead fractures of the device, T-wave oversensing
status, electrical interference, atrial fibrillation, and su-
praventricular tachycardia can also be mentioned as the
most common causes of inappropriate shocks.?
Regarding the comorbid loads of the diseases includ-
ed in the CHA,DS,-VASc scoring, it is expected that the
mortality rate or the rate of malignant arrhythmia, and
therefore, the incidence probability of the ICD therapy
will be high in this patient group. Considering heart
failure, which ranks in the first place in this scoring, the
presence of heart failure with reduced ejection fraction
(EF <35%) is still one of the first indications for ICD im-
plantation across the world. Additionally, when LVEF is
<35%, the risk of death has been shown to increase 7
times, this risk increases 16 times when multiple shocks
occur. It has been shown that the rates of device-based
shock therapy decrease with the improvement of the
ejection fraction.? In other words, it is obvious that the
probability of ICD shock therapy will be high in patients
with heart failure and impaired systolic functions (EF
<40%) within the CHA,DS,-VASc scoring. It should be re-
membered that this scoring may also lead to obtaining
high scores in this scoring system, since there is no indi-
cation of ICD implantation in patients with heart fail-
ure whose systolic functions have been preserved alone.
When evaluating the CHA,DS -VASc scoring as a predic-
tor for ICD therapy, it may also be a logical option to
consider this situation. In our study, no change was ob-
served between the ICD therapy and the CHA,DS,-VASc
relationship when the patients with ejection fraction >
40% were excluded. However, in our study, supporting
the previous data, it was put forward once again that
low EF is an independent risk factor for ICD therapies.
Secondly, it was suggested that hypertension leads to su-
praventricular and ventricular arrhythmias by causing di-
astolic dysfunction, changes in left atrium diameter and
function, and eventually left ventricular hypertrophy.?®
However, when the previous studies were reviewed, it
was observed that hypertension was distributed simi-
larly in groups receiving and not receiving ICD therapy',

ejection fraction.

but there are publications reporting that hypertension
is predictive for ICD therapy.? In our study, no differ-
ence was observed in the distribution of hypertension
between the patients with any ICD therapy and the pa-
tients without it. In our study, the diameter of the left
atrium was found higher in the patients receiving shock
therapy. This can be explained by paying attention to
the extending effect of heart failure and hypertension
on the diameter of the left atrium. Thirdly, in the stud-
ies conducted on patient’s age, it was revealed that ad-
vanced age was an independent risk factor for mortality
in patients with ICD implantation.® It was stated that,
among the CHA,DS,-VASc scoring components, being
above 75 years of age and heart failure were the stron-
gest predictors.*® In another study, patients who had ICD
implantation and received appropriate shocks were seen
to be older.3' On the contrary, it was reported in a pub-
lished meta-analysis that elderly patients received less
shock therapy than young people. This was explained
as the effect of higher mortality rates in elderly patients
for several reasons.?? This may be a result from the short-
er follow-up time of the patients after ICD implantation
in older individuals owing to the high mortality rates
mentioned. In our own study, it was observed that age
was distributed similarly in the groups receiving and not
receiving shock therapy. However, as the ICD implanta-
tion time increased, the rate of encounter with shock
therapy was found to increase. In this case, it seems as
a more realistic approach to think that the period during
which the patient kept the device and the incidence rate
of the device-based therapies, rather than the age of the
person at the time of implantation, have a more linear
relationship. The situation is still unclear in patients with
diabetes mellitus. Normally, it is known that the pres-
ence of diabetes mellitus has a high risk of sudden cardi-
ac death with arrhythmias such as atrial fibrillation and
ventricular fibrillation.?* Some studies have suggested
that the first appropriate shock rate is higher in diabetic
patients who had ICD implantation whereas others have
asserted that being diabetic has no cumulative effect.3+3
In patients with a history of stroke, inappropriate shock
rates were observed higher.?® This is accepted as the ef-
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fect of arrhythmias occurring depending on the develop-
ment of autonomic dysfunction in such patients.?’ In our
study, the presence of diabetes and stroke was found to
have no effects on ICD therapy. When evaluated in terms
of gender, as in our study, no difference has been ob-
served between both genders in many studies. However,
in a recent large-scale study, women have been shown to
receive less appropriate shock therapy, but receive inap-
propriate shock at a rate similar to men.® In this study,
it is seen that the presence of ischemic heart disease is
the most common cause of device implantation (60%).
Because the presence of coronary artery disease is known
in many patients carrying devices, it can be assumed that
the description of the peripheral artery disease in the
VASc component has no effects on the prediction of ICD
therapy. For the clarification of this situation, prospective
studies are needed in more homogeneous patient groups.
When the CHA,DS,-VASc scoring system is evaluated as
a whole, in a study conducted on this subject before, it
was shown that ICD therapy rates were higher in individu-
als with high CHA,DS,-VASc scores.?' This score is expected
to be high since it was higher in the patients receiving
shock in each subgroup that constituted this scoring in the
same study. Considering the indications of ICD implanta-
tion in the majority of patients with ICD implantation in
our study, it is observed that comorbid conditions such as
history of heart failure, diabetes mellitus and hyperten-
sion are distributed similarly among the groups receiving
and not receiving appropriate shock. Thus, the CHA DS,-
VASc score was expected to be in similar ranges. In anoth-
er study, it was speculated that the CHA,DS,-VASc score
had a predictive value for all-cause mortality in patients
with ICD, however, no information was given about ICD
therapies in that study.* In addition, when reviewed in
our study, the HAS-BLED score did also not have a predic-
tive effect for ICD therapies. Since hypertension, advanced
age and stroke exist in both CHA,DS,-VASc and HAS-BLED
scoring systems, it is not a coincidental but expected result
that similar results appear in both scoring systems.

Conclusion

Consequently, according to the data in our study, the pre-
dictive value of the CHA DS,-VASc score was not found for
device-based therapies in patients who had ICD implan-
tation. More comprehensive and prospective studies are
needed on the subject.

Limitations of the study

The study has some limitations. First of all, it stands out
that it is @ monocentric retrospective observational anal-
ysis. Additionally, the absence of mortality data of the
patients can be considered as another limitation. Plus, in-
sufficient data on atrial fibrillation is another factor that
grabs attention.
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Uvod: V moderni kardiologické praxi pFedstavuje koronarografie zakladni diagnosticky a terapeuticky vy-
kon. Diky svym mnoha piednostem se dnes misto femoralniho pfistupu pouzivé prevazné pfistup radialni.
Néktefi pacienti si vSak po vykonu stézuji na bolest v oblasti radidlni tepny. Starsi studie se touto komplikaci
pfilis nezabyvaly. Cilem nasi studie bylo stanovit prevalenci bolesti v oblasti radidlni tepny po koronarogra-
fickém vysetreni s radidlnim pristupem a urcit faktory ovliviiujici miru bolesti po tomto vykonu.
Metody: Do této prurezové studie bylo zafazeno celkem 100 po sobé nasledujicich pacient(, u nichz bylo
v obdobi mezi lednem 2015 a lednem 2016 provedeno elektivni koronarografické vysetieni s radialnim pri-
stupem + perkutanni koronarni intervence. Po vykonu byli pacienti dotazovani na pfitomnost obtézujici
bolesti v predlokti, zvlasté v oblasti zapésti. Intenzita bolesti se hodnotila pomoci verbalni stupnice. Pacienti
byli rozdéleni do skupin s ¢asné pocitovanou bolesti (dvé hodiny po vykonu) a s dlouhodobéji pocitovanou
bolesti (mésic po vykonu); jejich Udaje byly nasledné analyzovany.
Vysledky: Bolest v ¢asné fazi (po dvou hodinach) uvedlo 55 pacientt, zatimco na dlouhodobéjsi bolest jesté
mésic po vykonu s radidlnim pfistupem si stéZovalo 26 pacientli. Nezavislymi prediktory bolesti byli muzi
operatéri (OR = 3,386, 95 % Cl 1,484-7,725; p = 0,004) a zkusenosti operatéra (OR = 4,147; 95% Cl 1,637-
10,506; p = 0,003). Na druhé strané nezavislymi prediktory dlouhodobéji pocitované bolesti v oblasti radialni
tepny byly nizsi vék pacienta (OR = 0,955; 95% Cl 0,915-0,966; p = 0,032) a zkuSenosti operatéra (OR = 3,947;
95% ClI 1,547-10,047; p = 0,004).
Zavér: Bolest po koronarografickém vysetieni s radialnim pfistupem neni nijak vyjime¢na. Nezavislymi pre-
diktory bolesti po tomto vykonu jsou zkusenosti a pohlavi operatéra a vék pacienta.

© 2021, CKS.

ABSTRACT

Introduction: Coronary angiography is a principle diagnostic and therapeutic procedure in modern cardiology
practice. The transradial access for cardiac catheterization has overtaken the transfemoral approach because of
many advantages. However, some patients suffer radial pain after the procedure. Unfortunately, this compli-
cation has been poorly evaluated in previous studies. The present study aimed to determine the prevalence of
radial pain after transradial coronary angiography and investigate factors that influence post-procedural pain.
Methods: This is a cross-sectional study in which a total of 100 consecutive patients who underwent elective
transradial coronary angiography + percutaneous coronary intervention between January 2015-2016 were
evaluated. The patients were asked about presence of disturbing pain in the forearm especially wrist region
after the procedure. Verbal rating scale was used to evaluate pain assessment. The patients were divided as
early pain group (two hours after the procedure) and prolonged pain group (one month after the proce-
dure) and analysis was performed.

Results: A total of 55 patients suffered from pain in the early phase (after two hours), and 26 of patients had
prolonged pain at one month after the radial intervention. Independent pain predictors in the early pain
group were male operator (p = 0.004, OR = 3.386, 95% Cl: 1.484-7.725) and experience of operator (OR =
4.147,95% Cl: 1.637-10.506, p = 0.003). On the other hand, the younger age of patients (OR = 0.955, 95% Cl:
0.915-0.966, p = 0.032) and experience of operator (OR = 3.947, 95% Cl: 1.547-10.047, p = 0.004) were the
independent predictors of prolonged radial pain.

Conclusion: Pain after radial coronary angiography is not uncommon. Experience, operator gender, and age
of the patients were independent predictors of pain after transradial coronary angiography.
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Introduction

Coronary angiography is a principle diagnostic and thera-
peutic procedure in modern cardiology practice. The tran-
sradial access for cardiac catheterization has overtaken
the transfemoral approach because of many advantages.
Among those there are a rare incidence of access site-
-related complications, early mobilization, and shorter
hospital stay.’* Recent evidence showed that transradial
coronary angiography (TRCA) was related to fewer vascu-
lar complications* and a favorable effect on outcomes, at
least in some clinical settings.>®

Pain control is a major encountered challenge during
and after invasive procedures.’” Its prevention is usually
achieved by local subcutaneous infiltration of anesthetic
substances.® However, pain during the procedure is still
a common issue for TRCA. It has been investigated mainly
concerning the use of various anesthetic techniques and
radial artery spasm®'" or anatomy variance.'

In our clinical practice, we encounter prolonged radial
pain even in the absence of radial spasm, occlusion, and
any other complications during the procedure. In some
patients, this pain may be prolonged as long as one
month. This study aimed to determine the prevalence of
radial pain after TRCA in our local population; to investi-
gate factors that influence post-procedural pain.

Methods

Study population

This is a cross-sectional study in which a total of 100 con-
secutive patients who underwent elective transradial co-
ronary angiography + percutaneous coronary intervention
(PCI) between January 2015-2016 were evaluated. Patients
with previous transradial coronary revascularization, acute
coronary syndrome, hemodynamic compromise, uncon-
trolled hypertension, vasculopathy, inability to tolerate
nitroglycerin, or lidocaine due to allergy or medication
interactions and radial spasm during catheterization were
excluded from the study. Hypertension was defined as
documented systolic blood pressure of >140 mmHg and/
or diastolic blood pressure of 290 mmHg in at least two
measurements or active use of any antihypertensive agent.
Diabetes was diagnosed as fasting plasma glucose over 126
mg/dl or active use of an antidiabetic agent. Patients’ wei-
ght and height were recorded and body mass index (BMI)
was calculated as weight in kg divided by the square of
height in meters. The study complied with the principles
of the Declaration of Helsinki and was approved by the
local ethics committee. The written informed consent was
taken from all patients before the procedure. Operators
with at least 300 radial interventions by the time of opera-
tion were considered an experienced operator.

Cardiac catheterization

All operators in our institution use the radial approach as
their default access route. Before angiography, the Allen
test was performed to determine the feasibility of the
procedure for all patients. After subcutaneous local ane-
sthesia with prilocaine (Citanest, AstraZeneca), cannulati-
on of the radial artery was carried out with 6F hydrophilic

coated 7-cm sheath (Primelife transradial set; Copper Me-
dical Technology Co Ltd, Shenzhen, China). Following the
sheath insertion, 200 mg nitroglycerin and 5000 IU he-
parin were administered. Six French diagnostic coronary
catheters (Boston Scientific, Maple Grove, MN, USA) were
used for radial coronary angiography in our clinic. Rou-
tine premedication with agents such as midazolam or
diazepam was not used in the study. To exclude the radial
artery spasm or any other complications, we performed
radial angiography after the procedure in the same line.

Pain assessment and radial hemostasis

Following the completion of the radial coronary angio-
graphy, radial sheaths were removed and local compre-
ssion was applied with a gauze pad bandage. After 1
hour of sheath removal, the bandage was relaxed and
kept on for two hours. The patients were discharged on
the same day when the achievement of patent hemostasis
and the patients who underwent PCl were discharged the
following day. All patients’ radial pulse was evaluated by
palpation; if radial pulse absent, faint or the patient suf-
fered severe pain duplex ultrasonography was performed
to assess radial artery patency.

Post-procedural pain in the forearm, arm, or wrist area
was evaluated using the verbal rating scale (VRS) two
hours and one month after the intervention. Patients
with puncture site pain were not included in the study.
The VRS scale is a measure of pain intensity consisting
of five numerically ordered words, including none-mild-
moderate-severe-unbearable.” Patients were called or
interviewed face-to-face for a one-month evaluation.

Statistical analysis

All statistical analyses were performed in SPSS 20.0 Statisti-
cal Package Program for Windows (SPSS Inc., IL, USA). The
normality of distributions of the parameters was assessed
by the Kolmogorov-Smirnov test. Quantitative variables
with a normal distribution were specified as the mean +
standard deviation and those with non-normal distributi-
on were specified with median (interquartile range); cate-
gorical variables were specified with number and percen-
tage values. Continuous variables were compared using
the independent samples t-test for normally distributed
variables, and the Mann-Whitney U test when the distribu-
tion was skewed. The chi-square test or Fisher’s exact test
was used to compare categorical variables.

Univariate logistic regression analysis was used to as-
sess the relationship between variables and the presence
of pain after coronary angiography. Variables found to
be p value of < 0.1 in the univariate analysis were then
used in forwarding stepwise multivariate logistic regres-
sion analysis to determine independent predictors of wrist
and forearm pain. The results of the regression analyses
were presented as odds ratios (OR) and 95% confidence
intervals (Cl). A p value <0.05 was considered statistically
significant.

Results

In total, 100 patients who underwent TRCA were enrolled
in this study. There were 65 males and the mean age of
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Table 1 - Verbal rating scale of the patients according

to the pain timing

Verbal rating scale  Early pain Prolonged pain
(n = 55) (n = 26)

Mild 42 (76%) 19 (73%)

Moderate 11 (20%) 6 (23%)

Severe 2 (4%) 1 (4%)

Unbearable 0 0

the patients was 64.3+11.1 years. Early pain was present
in 55 patients and prolonged pain in 26 patients (Table
1). A comparison of patients’ clinical and procedural cha-
racteristics according to early pain is shown in Table 2.
Male operator ratio was significantly higher in pain po-
sitive group than pain negative group (67.3% vs. 37.8%,
p =0.003, respectively), and inexperienced operator ratio
was also higher in pain positive group than pain negative
one (47.3% vs. 17.8%, p = 0.002, respectively). Patients’
characteristics like age, gender, weight, height, BMI, hy-
pertension, diabetes, hyperlipidemia, and active smoking
were similar between the groups. Also, procedure-rela-
ted factors including radial artery access time, fluorosco-
py time, type of intervention (CAG or PCI), intervention
route (right or left radial), post-procedural radial occlusi-
on, and the hematoma was not significantly different be-
tween the groups.

The comparison of patients’ clinical and procedural
characteristics according to prolonged pain is shown in
Table 3. Inexperienced operator ratio was significantly
higher in pain positive group than pain negative group
(57.7% vs. 25.7%, p = 0.003; respectively). The patients

with prolonged pain were younger compared to pain
negative ones (56.2 = 13.2 vs. 61.8 = 9.9, p = 0.027; re-
spectively). Patients’ characteristics like gender, weight,
height, BMI, hypertension, diabetes, hyperlipidemia, and
active smoking were similar in the groups. Univariate and
multivariate logistic regression analysis to predict pain af-
ter TRCA is shown in Table 4. The independent predictors
of early pain after TRCA were male operator (p = 0.004,
OR = 3.386, 95% Cl: 1.484-7.725), and inexperienced op-
erator (p = 0.003, OR = 4.147, 95% CI: 1.637-10.506). On
the other hand, the younger age of patients (p = 0.032,
OR = 0.955, 95% ClI: 0.915-0.966), and inexperienced
operator (p = 0.004, OR = 3.947, 95% Cl: 1.547-10.047),
were the independent predictors of prolonged pain after
TRCA.

Discussion

In this study, we examined the pain that occurs in pati-
ents who underwent TRCA. We found that the gender
and experience of the operator were independent factors
related to post-procedural early pain. Also, the age of the
patient and experience of the operator were indepen-
dent factors related to prolonged pain; to the best of our
knowledge, this is the first study in the literature about
the pain after radial coronary angiography.

Transradial access is considered to be a safe and effec-
tive technique for coronary interventions, which favored
over femoral access in clinical practice." TRCA has many
advantages to transfemoral coronary angiography, such
as less bleeding complications, more patient comfort,
early ambulation, and short hospital stay.”>"” Also, it has

Table 2 - Comparison of patients’ clinical and procedural characteristics according to the early pain
Pain (+) (n = 55)

Male, n 32 (58.2%)
Age, years 58.7 £ 11.1
Height, cm 166.3 + 8.8
Weight, kg 81.1+£11.7
BMI, kg/m? 29.6 +3.5

Hypertension, n (%) 31 (56.4%)
Diabetes, n (%) 20 (36.4%)

31 (56.4%)
12 (21.8%)
Access time, min 3(5)

7(12)

Hyperlipidemia, n (%)

Active smoking, n (%)

Fluoroscopy time, min

Only coronary angiography 37 (67.3%)
Left radial approach 44 (80.0%)
Male operator 37 (67.3%)
Inexperienced operator 26 (47.3%)
Post-procedural radial occlusion 3 (5.0%)
Hematoma 1(1.8%)

Pain (-) (n = 45) p-value
33 (73.3%) 0.114
62.4+10.9 0.096
167.8 £ 6.5 0.068
84.4+ 125 0.182
29.6 +4.31 0.968
27 (60%) 0.714
19 (42.2%) 0.550
24 (53.3%) 0.762
9 (20.0%) 0.824
3(5) 0.857
8(12) 0.766
30 (66.7%) 0.949
30 (66.7%) 0.130
17 (37.8%) 0.003
8 (17.8%) 0.002
1(2.0%) 0.540
0 -

Data are expressed as the median (interquartile range) for not normally distributed and mean + standard deviation or frequency for other

factors. Significant difference if p <0.05.
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Table 3 - Comparison of patients’ clinical and procedural characteristics according to prolonged pain

Pain (+) (n = 26) Pain (<) (n = 74) p-value

Male, n 18 (69.2%) 47 (63.3%) 0.599
Age, years 56.2 £ 13.2 61.8+9.9 0.027
Height, cm 166.5 £ 8.7 167.0+7.8 0.748
Weight, kg 80.3+10.4 833+ 12.6 0.274
BMI, kg/m? 29.0+£3.3 29.8+4.0 0.344
Hypertension, n (%) 18 (69.2%) 40 (54.1%) 0.177
Diabetes, n (%) 9 (34.5%) 23 (31.1%) 0.596
Hyperlipidemia, n (%) 15 (57.7%) 40 (54.1%) 0.177
Active smoking, n (%) 7 (26.9%) 14 (18.9%) 0.389
Access time, min 3 (5) 3 (5) 0.452
Fluoroscopy time, min 7(12) 8(12) 0.351
Only coronary angiography 19 (73.1%) 48 (64.9%) 0.444
Left radial approach 21 (80.8%) 53 (71.6%) 0.360
Male operator 15 (57.3%) 39 (52.7%) 0.661
Inexperienced operator 15 (57.7%) 19 (25.7%) 0.003
Post-procedural radial occlusion 2 (7.6%) 1(1.3%) -

Hematoma 1(3.8%) 0 -

Data are expressed as the median (interquartile range) for not normally distributed and mean + standard deviation or frequency for other

factors. Significant difference if p <0.05.

Table 4 - Univariate and multivariate logistic regression analysis to predict pain after transradial coronary angiography

Univariate Multivariate
Independent predictor of pain after two hours

OR Cl195% p-value OR Cl195% p-value
Male operator 3.386 1.484-7.725 0.004 2.794 1.141-6.846 0.025
Inexperienced operator 4.147 1.637-10.506 0.003 5.992 2.028-17.699 0.001
Independent predictor of pain at one month
Age 0.955 0.915-0.996 0.032 0.950 0.908-0.995 0.029
Inexperienced operator 3.947 1.547-10.047 0.004 5.533 1.884-16.245 0.002

substantial superiority in achieving local hemostasis due
to its smaller vessel diameter and superficial localization.'®
Therefore it has become the preferred route, especially
in aggressive anticoagulation and antiplatelet treatment
conditions.’™ On the other hand, radial artery spasm, radi-
al artery thrombosis, and hematoma are among the com-
mon complications of TRCA." Other rare complications of
radial artery cannulation include dissection, pseudoaneu-
rysm formation, infection, and perforation.’ Studies re-
garding pain during coronary angiography are commonly
associated with analgesics and anesthetic techniques.®°
Radial artery spasm has been extensively researched and
is usually associated with procedure difficulty and proce-
dure failure, and the incidence is around 4-20%.2°2" Until
now, an optimal vasodilator cocktail has not been identi-
fied, the most used cocktail is the combination of nitro-
glycerin and heparin.?2 The patients with radial spasm
were excluded from the study.

We found that more than half of our patients suf-
fered from pain in the early phase after TRCA, and this
ratio dropped to 26 percent after a one-month follow-up.
This prolonged pain rate was relatively high. Pain after
TRCA could be explained by various factors. First of all,
the patient’s pain sensation is subjective and the psycho-
logical side should not be forgotten. Indeed, emotional
episodes from minimally invasive cardiac procedures can
lead to severe complications such as cardiomyopathy and
arrhythmias.? In our institution, 6F sheaths and catheters
are generally used for radial procedures. We only use hy-
drophilic wires in very demanding situations. In the assess-
ment of pain after the second hour, we found that TRCA
performed by inexperienced operators caused more pain.
We speculate that multiple puncture attempts could dam-
age the artery and causing the initiation of the arteritis.
Additionally, increased catheter maneuvers may result in
subclinical spasm and dissections of the radial artery.
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The other independent predictor of pain in the second
hour was the gender of the operator. Interestingly, we
found that the procedures performed by male opera-
tors were more painful. According to a recent study, fe-
male surgeons have more positive outcomes compared
to males in elective cases.?* Although the mechanism is
not fully understood, this may be explained by the fact
that female doctors are more compliant with guidelines
and patient-based therapies. Additionally, a more col-
laborative approach of female doctors with patients may
contribute a positive effect to this situation.?* In another
study, it was determined that the basal surgical abilities
of female medical students were superior to males.?> In
our study, we thought that female operators’ approach
was more sensitive than male operators. Further, closer
communication during the procedure between female
operators and the patients may result in less pain.

In the evaluation of the patients at post-procedure
first month, we found that TRCA performed by inexpe-
rienced operators caused more pain. We also found that
younger patients experienced more pain than older pa-
tients. It has been shown that pain sensitivity decreases
with increasing age.?® Similarly, Hensey et al. found that
younger patients experienced more pain with the proce-
dure in their study regarding the relationship between
procedural pain and radial artery anatomy.’ There was
no significant difference between the groups in terms of
radial artery thrombosis, procedure-related factors, and
patients’ anthropometric measurements. Therefore, we
speculate that these factors do not affect post-TRCA pain.

Conclusion

In conclusion, prolonged pain is not uncommon after
transradial coronary angiography. We found that pati-
ent’s age, operator gender and experience were leading
factors associated with pain following TRCA.

Study limitation

This study should be evaluated in the light of some limita-
tions. First, it is not a large sample-sized study. Secondly,
we did not assess the anatomic variance of the radial ar-
tery that could cause pain. The rate of pain was relatively
high that might be due to the catheter and sheath size.
Finally, there were more than ten operators who perfor-
med procedures with varying degrees of experience.
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Cil: Pfestoze jiz byla identifikovana rada rizikovych faktor( rozvoje aterosklerézy, Ize stale obtizné predpo-
vidat, jak tyto faktory interaguji pfi stanovovani endotelové funkce a rozvoje ischemické choroby srdecni
(ICHS). Neinvazivni vysetieni endotelové funkce se ¢asto provadi metodou endotel-dependentni vazodilata-
ce pazni tepny (flow-mediated vasodilatation, FMD). Spolehlivost metody FMD jako zastupného ukazatele
zavaznosti ICHS zatim nebyla jednoznacné potvrzena. Cilem této studie bylo zjistit korelaci mezi vysledky
naméfenymi metodou FMD a zavaznosti ICHS s pouzitim skére SYNTAX jako spolehlivéjsich a jednodussich
diagnostickych néstroja.
Metoda: Nase studie méla prifezové uspofadani s nenahodnym acelovym vzorkovanim. Udaje od pacientl
po koronarografickém vySetfeni jsme shromazdovali v obdobi od Fijna do prosince 2015. Zavaznost ICHS se
vypocitdvala pomoci skére SYNTAX. Endotelova funkce se hodnotila metodou FMD pazni tepny s pouzitim
dopplerovského ultrazvuku. Korelace mezi hodnotami FMD a skére SYNTAX se zjistovala pomoci Pearsono-
nova korelacniho testu.
Vysledky: Do studie jsme zaradili 40 pacientt s ICHS pfijatych na kliniku kardiologie nemocnice Dr. Soeto-
mo General Hospital. Primérny vék pacientl byl 55,38 + 9,27 roku, 85 % (n = 34) z nich byli muzi, 67 % (n
= 27) mélo hypertenzi, 80 % (n = 32) framinghamské skére vysokého rizika a u 27,5 % (n = 21) bylo podle
klasifikace SCORE pritomno stiedné vysoké riziko. Pred katetrizaci byla stanovena diagnéza postakutniho
koronérniho syndromu u 65 % (n = 27) pacientl s primérnou hodnotou skére SYNTAX 33,21 + 10,86. Byla
zji§téna tésnd, negativni a statisticky vyznamna korelace mezi hodnotou FMD a skére SYNTAX (r=-0,787 ap
<0,0001). Cim je hodnota FMD niZsi, tim je ICHS zavazngjsi.
Zavér: Pfi pouziti skore SYNTAX vykazuje metoda FMD tésnou a negativni korelaci se zadvaznosti ICHS. NiZzsi
hodnota FMD predikuje zavaznéjsi ICHS.

© 2021, CKS.

ABSTRACT

Goal: A number of atherosclerosis risk factors have been identified, but it remains difficult to predict how
these factors interact in determining the endothelial function and development of coronary artery disease
(CAD). Non-invasive assessment of endothelial function is commonly undertaken using the flow-mediated
vasodilatation (FMD) technique. The use of FMD as a surrogate indicator for the complexity of CAD remains
largely unknown. This study aimed to determine the correlation between FMD with the complexity of CAD
based on SYNTAX score for better and simpler diagnostic tools.

Methodology: This was a cross-sectional study with purposive sampling. We collected data from a patient who
underwent coronary angiography from October to December 2015. The SYNTAX score was calculated to de-
termine the complexity of CAD. Endothelial function was evaluated by FMD using brachial artery Doppler ul-
trasonography. Correlation between FMD and SYNTAX score was evaluated using the Pearson correlation test.
Result: We enrolled 40 CAD patients admitted to cardiology ward of Dr. Soetomo General Hospital, mean
age 55.38+9.27 years old, 85% (n = 34) male, 67% (n = 27) has hypertension, 80% (n = 32) has high risk
Framingham score, and 27.5% (n = 21) has moderate risk according SCORE score. Pre-catheterization dia-
gnosis was post-acute coronary syndrome in 65% (n = 27) with the mean SYNTAX score being 33.21 + 10.86.
There was a strong negative and significant correlation between FMD and SYNTAX score (r = -0,787 and p
<0,0001). The lower the FMD value predicts the higher complexity of CAD.

Conclusion: FMD has a strong and negative correlation with the complexity of CAD based on SYNTAX score.
The lower the FMD value predicts the higher complexity of CAD.
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Introduction

Atherosclerosis is the most common cause of coronary, ca-
rotid, and peripheral artery disease. The progressiveness
of atherosclerosis causes narrowing of the arterial vessels,
characterized by the occurrence of endothelial dysfunc-
tion, vascular inflammation, and accumulation of lipids,
calcium, and debris cells in the tunica intima of arterial
walls. The development of atherosclerosis results in pla-
que formation, vascular remodeling, acute obstruction,
and chronic vascular lumen, abnormal blood vessel flow,
and decreased blood supply to target organs.'?

In the past two decades, several models of risk factor stra-
tification have been developed to estimate a person who has
a cardiovascular disorder at a certain time, one of which is
the Framingham Heart Study (FSH). Multifactorial risk asse-
ssments that are often used in clinical practice are useful for
patient selection and administration of therapy to reduce
the incidence of cardiovascular disease by controlling modi-
fiable factors. However, research shows that 25% of patients
who suffer from acute myocardial infarction only have 1-2
risk factors or are classified as low risk.?

Atherosclerosis is a process that begins with the occurren-
ce of endothelial function disorders that have an important
role as a barrier between blood circulation and blood vessel
walls.“endothelial regeneration, inhibition of leukocyte che-
motaxis, and platelet adhesion. Endothelium damage indu-
ced by atherosclerosis leads to the reduction in bioactivity of
endothelial NO synthase (eNOS Early detection of endothe-
lial dysfunction can be used for prevention before the on-
set of atherosclerotic plaque, and it can be evaluated using
flow mediated vasodilatation (FMD) Brachial arterial ultra-
sonography, which can also be used for evaluation of the-
rapy whether or not there is an improvement in endothelial
function.®

Coronary angiography examination is the gold standard
for diagnosis of atherosclerotic heart disease complexity.
Coronary diagnostic catheterization provides information
about the location of the lesion, the number of blood vessels
that have lesions, the degree of obstruction, and the presen-
ce or absence of collateral circulation. Various scoring sys-
tems have been used to quantify the characteristics of coro-
nary lesions by angiography, and SYNTAX score is one of the
most used scoring systems which is proven to be associated
with the level of CAD complexity and short and long-term
cardiovascular outcomes.®

This study aimed to analyze the asymmetrical relationship
between parameters of flow mediated vasodilatation (FMD)
endothelial function and the complexity of coronary artery
disease according to SYNTAX score.

Material and methodology

This study was conducted in October 2015-December
2015 in the cardiac outpatient clinic, echocardiography
unit, and cardiovascular intervention and diagnostic in-
stallation (IDIK) Dr. Soetomo General Hospital, Surabaya
after getting ethical clearance from local institutional
review board. The research sample was taken by purpo-
sive sampling, with inclusion criteria of male or female
patients undergoing elective coronary angiography exa-

mination at Dr. Soetomo General Hospital in October-De-
cember 2015 and fulfilling the appropriate and uncertain
criteria for diagnostic coronary angiography’ and willing
to participate in the study and signed informed consent.
Subjects with a history of coronary intervention with ei-
ther coronary angioplasty or coronary bypass surgery,
suffering from chronic kidney disease, suffering from or
having a history of stroke, and peripheral arterial disease
was excluded from the study. Cardiovascular risk factors
were evaluated and assessed according to the Framing-
ham risk score and SCORE (Systematic Coronary Risk Eva-
luation).

The FMD was measured by brachial artery suppressed with
a sphygmomanometer cuff of 50 mmHg from the systolic
blood pressure or a maximum pressure of 220 mmHg at the
distal cubital fossa (forearm), and the cuff was removed and
then the brachial artery diameter was measured at the 1st,
3rd and 5th minute. The result was done by calculating the
difference between brachial artery diameters 1 minute after
provocation and reduced by initial diameter. Result of less
than 5% is considered to be abnormal. The diameter of the
brachial artery was measured in the diastolic end phase by
referring to the beginning of the QRS complex electrocar-
diographic. The measurement used vivid 7 GE echocardiogra-
phy. The SYNTAX score calculation was done after a coronary
angiogram obtained. Data obtained from the examination
results were analyzed using Pearson correlation using SPSS.

Table 1 - Baseline characteristics of subjects

Variable n (%) / mean = SD?
Gender

Man 34 (85)
Women 6 (15)
Age (years) 55.38+9.27
40-49 12 (30)
50-59 15 (37.5)
>60 13 (32.5)
Cardiovascular risk factors

Hypertension 27 (67)
Diabetes mellitus 17 (42)
Dyslipidemia 19 (47.5)
Smoking 29 (72)
Heredity 4 (10)
Framingham score

Low risk 2 (5)
Intermediate risk 6 (15)
High risk 32 (80)
SCORE score

Low risk 2(5)
Moderate risk 21 (52.5)
High risk 11 (27.5)
Very high risk 6 (15)
Pre cath diagnosis

Post-acute coronary syndrome 27 (67.5)
Stable angina 10 (25)
Etc. 3(7.5)
Post cath diagnosis

Normal 3(7.5)
Single vessel disease 5(12.5)
Double vessel disease 11 (27.5)
Triple vessel disease 21 (52.5)

2Numerical data is displayed in mean = SD (standard deviation)
while ordinal data is in percentage.
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Table 2 - Distribution of mean FMD value and SYNTAX score

Variable Mean=SD
Flow mediated vasodilatation (%) 6.01+2.60
SYNTAX score 24.99+13.61

Table 3 - FMD value (%) based on subject characteristics

and SCORE scores. On the assessment of risk factors using
the Framingham score, most subjects were in the high-
-risk category with 32 subjects (80%). Whereas in the as-
sessment using SCORE, the highest subjects were in the
moderate risk category with 21 subjects (52%). Subjects

Variable Category
Age (years) 40-49

50-59

>60
Gender Male

Female
Hypertension Yes

No
Diabetes mellitus Yes

No
Dyslipidemia Yes

No
Smoking Yes

No
Heredity Yes

No
Framingham score Low risk

Intermediate risk

High risk
SCORE score Low risk
Moderate risk
High risk
Very high risk
Post ACS
Stable angina
Etc.

Normal

Pre cath diagnosis

Post cath diagnosis
Single vessel disease
Double vessel disease

Triple vessel disease

n Mean=SD p value
12 8.03+3.20° 0.003
15 5.26+1.94°

13 5.00+1.56°

34 5.87+2.53 0.434

6 6.78+3.13

27 5.45+2.36 0.052
13 7.15+£2.79

17 5.21+1.35 0.098
23 6.59+3.14

19 5.43+1.74 0.193
21 6.52+3.14

29 5.762.42 0.345
1 6.65+3.06

4 5.62+1.16 0.763
36 6.05+2.72

2 12.50+0.712 <0.0001
6 6.43+1.22°

32 5.52+2.29°

2 9.85+4.45 0.061
21 6.39+2.66

11 4.87+1.94

6 5.47+1.80

27 5.43+1.79? 0.005
10 6.26+3.09%°

3 10.33+3.78°

3 13.5+0.712 <0.0001
5 8.02+0.78°

11 5.80+1.80¢

21 4.63£1.019

abed Different superscript letters at mean + standard deviation showed significantly different results.

Results

Characteristics of subjects

We enrolled 40 subjects with baseline characteristics, as
described in Table 1. The composition of 40 research sub-
jects consisted of 34 males (85%) and six females (15%).
The youngest of the subject was 40 years old, and the
oldest was 75 years old. The most commonly found car-
diovascular risk factors were smoking (72%), followed by
hypertension (67%). The calculation of the global cardio-
vascular risk score used in this study is the Framingham

who underwent coronary angiography were dominated
by post-acute coronary syndrome (ACS) patients (67.5%).
Post-coronary angiography revealed that most diagnoses
were triple vessel disease (52.5%).

Examination of FMD value and SYNTAX score

The minimum value of FMD was 2.3%, and the maximum
value was 14%, and the FMD mean was 6.01+2.60% (Table
2). The mean SYNTAX score in this study was 24.99+13.61,
with a minimum SYNTAX score of 0, and a maximum SYN-
TAX score is 52 (Table 2).
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Distribution of FMD based on subject
characteristics

Table 3 shows that FMD values were lower in the older
age group but did not differ significantly in the age
group 50-59 and >60 years. In the > 60-year age group,
FMD mean was 5.00+1.56%. Mean FMD was also found to
be lower in men and subjects with major cardiovascular
risk factors such as hypertension, diabetes mellitus, dys-
lipidemia, and smoking, even though it was not statisti-
cally significant. Based on the assessment of global car-
diovascular scores, FMD values were found to be lowest
in the high-risk group according to SCORE, with mean
4.87+1.94%. Based on the diagnosis, it was found that
subjects with post ACS and triple vessel disease had lower
FMD values. The mean FMD values in post ACS subjects
were 5.43+1.79%, and in triple vessel disease subjects,
FMD mean values were 4.63+1.01%.

Distribution of SYNTAX score based on subject
characteristics

Table 4 shows that the SYNTAX score is higher in the ol-
der age group, but not significantly different in the age
group 50-59 and >60 years. In the age group >60 years,
the mean SYNTAX score was 30.42+13.75. SYNTAX scores
were also found to be higher in men and subjects with
major cardiovascular risk factors such as hypertension,
diabetes mellitus, dyslipidemia, and smoking. Statistica-
Ily, a significant difference was found in subjects with
hypertension risk factors compared to subjects without
hypertension.

This study also showed that based on the assessment of
global cardiovascular scores, the higher the SYNTAX score
was higher in the Framingham/SCORE risk group, which was
also higher. With the highest mean value obtained in the
high-risk group according to SCORE, which is 32.14+10.85,

Table 4 - SYNTAX score based on subject characteristics

Variable Category
Age (years) 40-49

50-59

>60
Gender Male

Female
Hypertension Yes

No
Diabetes mellitus Yes

No
Dyslipidemia Yes

No
Smoking Yes

No
Heredity Yes

No
Framingham score Low risk

Intermediate risk
High risk

Low risk
Moderate risk
High risk

Very high risk
Post ACS

Stable angina
Etc.

Normal

SCORE score

Pre cath diagnosis

Post cath diagnosis
Single vessel disease
Double vessel disease

Triple vessel disease

n Mean=SD p value
12 15.50+11.842 0.010
15 27.87£11.42°

13 30.42£13.75°

34 25.35+13.31 0.691
6 22.92+16.40

27 28.09+13.66 0.036
13 18.54+11.44

17 29.71+11.64 0.058
23 21.50+14.14

19 27.05+12.18 0.368
21 23.12+14.83

29 26.72+13.19 0.194
11 20.41+£14.25

4 22.00+8.45 0.650
36 25.32+14.11

2 0.00+0.00° 0.008
6 19.50+7.66°

32 27.58+13.06¢

2 12.50+17.60° 0.028
21 20.45+12.20°

11 32.14+10.85°

6 31.92£15.272>

27 27.48+12.98° 0.044
10 23.55+12.46°

3 7.33+2.68°

3 0.00+0.00 0.0001
5 9.60+1.942

11 23.10£5.75°

21 33.21+10.86¢

abe Different superscript letters at mean + standard deviation showed significantly different results.
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however, this mean value is not statistically different from
the very high-risk group. Based on the diagnosis, subjects
with post ACS and triple vessel disease had higher mean SYN-
TAX scores. The mean SYNTAX score in post ACS subjects was
27.48+12.98, and in triple vessel disease subjects, the mean
SYNTAX score was 33.21+10.86.

Data analysis of the correlation between FMD

and SYNTAX score

The normality of data distribution of FMD and SYNTAX
score variable was tested using one-sample Kolmogorov-
-Smirnov test and showed that data of FMD dan SYNTAX
score had p = 0.191 and p = 0.954, respectively, which
means the data had a normal distribution (p >0.05). The
results of the Pearson correlation test showed a signifi-
cant correlation between the value of FMD and SYNTAX
score with a level of significance of correlation with o =
0.05 and value of r =-0.787 and p <0.0001. The negative
r value indicates that the correlation is in the opposite
direction, which indicates that the lower the FMD value,
the higher the SYNTAX score. The value of r in this study
was 0.600 <r <0.800 indicates that there was a very strong
correlation. The value of p <0.0001 indicates that the ne-
gative correlation was significant.

Discussion

More than 50 years of epidemiological studies have iden-
tified a number of factors related to CAD. Risk factors that
were first introduced to the Framingham Heart Study are
still the gold standard in the risk stratification of CAD pa-
tients. However, several studies indicate the limitations
of the Framingham Risk Score in the form of underpre-
diction or overprediction in populations with CAD risk
factors. Therefore other markers of atherosclerosis are
needed, which are more individualized.® Some new tools
or methods can be used to add information and detect
atherosclerosis compared to just assessing traditional risk
factors that exist. FMD examination in the brachial artery
can be used to assess the presence of endothelial dysfunc-
tion, which in some studies has shown a correlation with
the risk and incidence of CAD.2"

It is widely accepted that age, sex, high blood pressu-
re, smoking, dyslipidemia, and diabetes are the main risk
factors for cardiovascular disease. Cardiovascular risk fac-
tors often do not stand alone and are multifactorial, which
interact with each other to aggravate the atherosclerosis
process. The 2016 European Society of Cardiology (ESC)
guideline on the prevention of cardiovascular disease sta-
tes that diabetes mellitus is a major risk factor for CAD
that can stand alone without having to be accompanied
by other risk factors.’? Data shows that women with dia-
betes mellitus will experience an increased risk of cardio-
vascular disease as much as five times, whereas, in men,
diabetes mellitus will increase the risk of cardiovascular
disease three times more. In this study, diabetes mellitus
was a risk factor for CAD with the lowest FMD score and
highest SYNTAX score. The lower FMD value indicates
a more severe degree of endothelial dysfunction. Where-
as the higher the SYNTAX score value indicates, the more
complex the CAD. Simova et al. revealed in their study that

diabetic patients had significantly lower FMD values com-
pared with non-diabetic patients.*

Many studies have examined the relationship between
CAD risk factors and endothelial function. Benjamin et al.
showed the relationship between risk factors for CAD and
endothelial function in 2883 subjects of the Framingham
study.’ In general, patients with a higher Framingham and
SCORE found increasingly severe degrees of endothelial dys-
function marked by low FMD values.? In our study based on
the Framingham score, we found a tendency in the decrease
of FMD value in the higher risk group, where the lowest FMD
value was found in the high-risk group with a significant di-
fference. The difference in FMD values was also found in the
higher SCORE risk group, but the value of this difference was
not significant.®

The SYNTAX score is an angiographic scoring system to
determine the degree of complexity of CAD. In our study ba-
sed on cardiovascular risk factors, the highest SYNTAX score
was found in subjects aged > 60 years and with risk factors
for diabetes mellitus. Based on global cardiovascular scores,
high-risk subjects based on Framingham and SCORE had
a higher degree of complexity of CAD. Tolunay's study of 205
stable angina patients showed that there was a significant
relationship between cardiovascular risk factors assessed by
the Framingham and SCORE scores, where the mean subject
belonged to the moderate risk according to Framingham and
intermediate-risk according to SCORE with a mean SYNTAX
score of 13.63+8.68. High CAD complexity (SYNTAX score>
33) was only found in 5.4% of subjects.’> Whereas in our stu-
dy, most subjects were in the high-risk group according to
the Framingham and moderate risk based on SCORE where
the subjects in this study had a higher mean SYNTAX score of
24.99+13.61 and high complexity of CAD was found in 25%
of subjects. This might be caused by Dr. Soetomo hospital as
a referral center, so the cases referred to for coronary angio-
graphy are cases with a high complexity of CAD.

The results of this study showed that FMD measured by ul-
trasound in the brachial artery decreased in all patients who
experienced CAD (SYNTAX score >0). The strong and inverse
correlation in this study showed that the lower the FMD va-
lue, the higher the SYNTAX score. This was consistent with
the literature review that the more severe degree of endo-
thelial dysfunction as indicated by the low dilatation of the
brachial artery after hyperemia is related to the more com-
plex CAD. Our study also confirmed that systemic endothelial
dysfunction reflects the tendency of arteries to undergo the
process of atherosclerosis, including the coronary arteries.
This research is in line with Manganaro et al. who showed
a significant linear relationship between SYNTAX score and
FMD, where the low value of FMD was related to the comple-
xity of CAD. Manganaro et al. stated that FMD in the brachial
artery is a reliable indicator of the severity of CAD."

Although FMD examination can reflect the presence of
endothelial dysfunction, until now, there has not been the
same standard value regarding the normal value of FMD me-
asurements. In the Manganaro et al. study, FMD values >12%
were associated with the absence of CAD in coronary angio-
graphy and FMD values <4% related to the severity and com-
plexity of CAD."® Whereas in our study, subjects without CAD
(SYNTAX score = 0) had a mean FMD of 13.5+0.71, subjects
with complex CAD (SYNTAX score> 33) were found in the
triple vessel disease group with an mean FMD of 4.63+1.01.
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Endothelial function measurement applications as a cli-
nical diagnostic method have some limitations conceptually
and practically. It is clear that the data obtained is not inten-
ded to replace diagnostic methods that have been clinically
accepted in the diagnosis of CAD (for example, stress tes-
ting). However, on the other hand, the information provided
by the assessment of cardiovascular risk factors is sometimes
difficult to translate from the study population to be applied
to individual patient care, and vascular endothelium is theo-
retically related and has a function as a good indicator to as-
sess the global status of the cardiovascular system. However,
interpretations of complex phenomena such as endothelial
dysfunction cannot rely on a single measurement.

This study had several limitations: the study was not ran-
domized and did not use a control group, ultrasound exami-
nation only used one observer, and no intra-observer variabi-
lity testing was carried out, and this study had a small scope
and had not been done multicenter with a wider scope.

Conclusion

This study showed that FMD endothelial function is fairly
reliable in predicting the complexity of coronary artery
disease according to SYNTAX scores in patients undergo-
ing coronary angiography. Further research is needed to
find out whether FMD can be used as a preventive strate-
gy or monitoring of endothelial function improvement in
patients with coronary artery disease.
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improves both physical capacity and sleep quality in patients
with pulmonary arterial hypertension

Lina Butane?®?, Matiss Sablinskis®?, Andris Skride*?, Daina Smite?

2 Riga Stradins University, Riga, Latvia
b pauls Stradins Clinical University Hospital, Riga, Latvia

ARTICLE INFO

SOUHRN

Article history:

Submitted: 1. 9. 2020
Revised: 24. 11. 2020
Accepted: 14. 12. 2020
Available online: 29. 6. 2021

Klicova slova:

Cviceni

Domaci cvicebni program
Kvalita spanku

Plicni arteridIni hypertenze
Tolerance zatéze

Kontext: Vétsina pacientl s optimalni farmakologickou lé¢bou plicni arteridlni hypertenze vykazuje klinické
pfiznaky a trpi snizenou toleranci zatéze i Spatnou kvalitou Zivota. V roce 2019 byl publikovan dokument
pracovni skupiny Evropské respiracni spolec¢nosti (European Respiratory Society) pro cviceni a rehabilitaci
pacientl s tézkou chronickou plicni hypertenzi, v némz se uvadi, Ze individualné navrzené a monitorované
cvicebni programy jsou pro z klinického hlediska stabilizované pacienty s farmakoterapii plicni hypertenze
nejspise bezpecné. V soucasné dobé je prace na rehabilitacnich intervencich specifickych pro jedince s plicni
arteridIni hypertenzi teprve ve stadiu vyzkumu. Pfedkladame predbézné vysledky rozsahlejsi studie s cilem
ukézat ucinnost individualné navrzeného 12tydenniho domaciho cvi¢ebniho programu v tom, zZe zlepsuje
toleranci zatéze i kvalitu spanku a omezuje emocni vypéti pacientd s plicni arterialni hypertenzi.
Metody: Popisované vysledky byly ziskany v prospektivni randomizované kontrolované intervencni studii.
Do analyzy byly zafazeny udaje 16 pacientu s plicni arteridlni hypertenzi. Celd skupina absolvovala kom-
plexni tréninkovy program sestavajici z 12tydenniho individudlné navrzeného cviceni, edukace, informaci
o zasadach sebeovladani a telerehabilitace. Soucasti programu byly i posilovani svalstva, dechové aerobni
cviceni i relaxacni techniky.
Vysledky: V trénované skupiné bylo zaznamenano statisticky vyznamné priimérné prodlouzeni vzdalenosti
prekonané v 6minutovém testu chlize (6MWT) (A = 51,7 + 45,1 m). U Sesti Ucastnik( studie (66,7 %) z tré-
nované skupiny a dvou pacientli (28,6 %) z kontrolni skupiny byl pozorovan minimalni klinicky vyznamny
rozdil ve vzdalenosti pfekonané v 6MWT (25-33 m). V trénované skupiné se vysledky IP_,  testu zménily
statisticky vyznamné (A = 9,8 £ 4,7 cm H,0). V sebeposuzovacim dotazniku kvality spanku se hodnoty PSQI
zlepsily ze Spatné na dobrou u ¢tyr (44,5 %) pacientl z trénované skupiny. Skére podskal nemocnicni depre-
se a uzkosti (HADS) potvrdila klinicky vyznamny tbytek symptom tzkosti v obou skupinach. U symptomt
deprese nebyly klinicky vyznamné zmény nalezeny. Nebyly zaznamenény zadné nezadouci Ucinky.
Zavér: U pacientl se stabilizovanou plicni arterialni hypertenzi nami hodnoceny 12tydenni individualné na-
vrzeny domdci cvicebni program ucinné zlepsuje jejich funkéni kapacitu (toleranci zatéze) i kvalitu spanku.
Dalsi zdokonaleni metodologie cvicebnich programt v oblasti plicni arteridlni hypertenze si vyzada dalsi
studie. Tento text pfinasi predbézné vysledky dosud probihajici studie.

© 2021, CKS.

ABSTRACT

Background: Most patients with optimal PAH-targeted medical therapy suffer from clinical symptoms, re-
duced exercise tolerance and have a poor quality of life. The 2019 European Respiratory Society task force
statement on physical exercise and rehabilitation in patients with severe, chronic PH suggests that indivi-
dually adjusted and monitored exercise programs are likely to be safe for PH patients, who are clinically
stable on medical therapy. Currently, the development of PAH-specific rehabilitation interventions is still in
the research stage. We present the preliminary results of a more extensive study with the aim to show the
effectiveness of a 12-week individualized, home-based exercise program in promoting physical capacity,
quality of sleep and reducing signs of emotional distress in patients with PAH.
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Methods: This was a prospective randomized controlled interventional study. 16 PAH patients were included
in the analysis. Training group underwent a complex training program, consisting of 12-week individually
tailored home-based exercise training, education, self-control measures and tele-rehabilitation components.
The program included muscle strength training, respiratory, aerobic exercise and relaxation techniques.
Results: A statistically significant mean increase in 6MWT distance was observed for the training group (A =
51.7 £45.1 m). In six participants (66.7%) from the training group and two patients (28.6%) from the control
group, the minimal clinically significant difference for 6MWT distance was observed (25-33 m). IP_,  test
results changed significantly in training group (A =9.8 + 4.7 cm H,0). PSQI values sleep quality improved from
poor to good in four (44.5%) patients from training group. HADS sub-scales scores values confirmed clinical-
ly important reduction of anxiety symptoms in both groups. Depression symptoms did not show clinically
important changes. No adverse events were observed.

Conclusion: The studied 12-week individually tailored home-based exercise program is effective in stable PAH
patients by improving physical functional capacity, as well as sleep quality. Further studies are required to solidify
the methodology of exercise programmes in the field of PAH. These are the preliminary results of ongoing study.

Introduction

Pulmonary arterial hypertension (PAH) is a rare and se-
vere disease characterized by an increase in pulmonary
artery pressure and pulmonary vascular resistance, which
ultimately lead to right ventricular failure and death.’
Most patients with optimal PAH-targeted medical thera-
py suffer from clinical symptoms, reduced exercise tole-
rance and have a poor quality of life.?

The significance of physical exercise as an impor-
tant component of therapy has already been proven
in the scope of various cardiopulmonary diseases.
Over the last 15 years, benefits of exercise have also
been extensively studied in the field of PAH.3 The 2019
European Respiratory Society task force statement on
physical exercise and rehabilitation in patients with
severe, chronic PH suggests that individually adjusted
and monitored exercise programs are likely to be safe
for PH patients, who are clinically stable on medical
therapy.

Currently, the development of PAH-specific rehabili-
tation interventions is still in the research stage. Never-
theless, the available studies provide recommendations
based on strong evidence. The training program has to
consist of different types of activity: aerobic exercise, re-
sistance training, respiratory muscle training, breathing
and relaxation techniques.® These programs should be
created long-term, and all PAH patients should be encour-
aged to take part in regular exercise training.* Availability
of such programs needs to be increased. For this reason,
more recently outpatient and home-based rehabilitation
programmes have been studied the most. Home-based
rehabilitation programs appear to be safe, effective, as
well as cost effective, although adequate self-control and
monitoring requirements have to be met, including vari-
ous practices of telerehabilitation.?>

Physical exercise can improve exercise tolerance, mus-
cle function, quality of life and potentially right ventricu-
lar function and pulmonary hemodynamics. Further stud-
ies are required to solidify the methodology of exercise
programs in the field of PAH.5

The effect of physical exercise programs on the mental
health of PAH patients is yet to be studied, even though
benefits of exercise have been proven in patients with
anxiety and depression.’

More recently, the role of sleep quality has been em-
phasized for patients with chronic diseases, as it can be
a key factor in symptom management and more effec-
tive coping strategies, as well as in promotion of general
health (e.g. reducing cardiovascular disease risk). Ade-
quate quality of sleep is important for a healthy society,
but it is also closely related to quality of life in patients
with chronic diseases.®'° For patients with cardiovascular
disease (including PAH), structural changes in sleep are
observed - decreased length and the overall quality of
sleep. As sleeping disorders become more prominent
in PAH patients, deterioration of clinical symptoms and
HRQoL results is noted. Strong association between de-
pression, anxiety and quality of sleep has been found
in patients with chronic diseases.""'? Patient education
on sleep hygiene and/or cognitive behavioral therapy is
highly recommended, and the positive effect of moder-
ate physical exercise on improving the quality of sleep
should not be forgotten.™

We present the preliminary results of a more extensive
study with the aim to show the effectiveness of a 12-week
individualized, home-based exercise program in promot-
ing physical capacity, quality of sleep and reducing signs
of emotional distress in patients with PAH.

Methods

Study population and design

This is a prospective, randomized and controlled inter-
ventional study and we present the preliminary results,
as the second follow-up assessment is still ongoing. The
participants were enrolled from Latvian PH registry in
two steps. After the screening of the registry data, all
relevant PAH patients (n = 189) were selected and af-
terwards the study selection criteria were applied by
a cardiologist specialized in PH. The inclusion criteria
for this study were: NYHA functional class II-Ill, age
between 18 and 80 years, clinically stable and on op-
timized medical therapy for at least 3 months before
entering the study.

At the second stage, 27 of the initially selected patients
were contacted via phone and inclusion criteria such as
consent to participate in the study and ability to visit the
university clinic for on-site assessments were applied. Ulti-
mately, 19 participants were enrolled in this study.
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Fig. 1 - The study flow chart.

The study was approved by Riga Stradins University
Ethics Committee and all of the patients signed written
informed consent form prior to inclusion in the study.
An independent researcher ensured a blinded assess-
ment. Randomization process was done by block ran-
domization method. The study flow chart is shown in
Fig.1.

Intervention - the training program
All of the patients continued medical therapy under the
care of a cardiologist and their primary care doctor. Pa-

Physical exercises Relaxation

Aerobic activity
3x/week

Breathing techniques

Muscle strength
exercises 2x/week
Progressive
neuromuscular
relaxation

Inspiratory muscle
training 5x/week

Fig. 2 - The training program content.

tients in the training group underwent a complex trai-
ning program developed specifically for PAH patients,
consisting of 12-week individually adjusted home-based
exercise training, education, self-control measures and te-
le-rehabilitation components (Fig. 2).

A specialized physiotherapist led the training program
and included muscle strength training, respiratory, aero-
bic exercise and relaxation techniques as described in Fig-
ure 2. The exercises were adapted individually and clearly
explained for each patient. The included training modali-
ties had the following characteristics:

Education and

Self control -
supervision

Monitoring

Online or phone
comunication (weekly)

Interpretation
Action

On-site consultations

(at the begining, after 4
weeks, after 12 weeks)
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(I) Aerobic activity: 20-40 min cyclic activity, three
times a week. Type of activity was selected indi-
vidually (e.g., walking, bicycle ergometer). Intensity:
perceived exertion as 5-6 on 10 points Borg scale
and sustained SpO, or decrease of no more than
5% from the baseline. Progression was based on
individual tolerability and provided by an increase
in training duration and limited by “alarm signs”:
peak heart rate of more than 120 bpm, decrease in
SpO, to 85%; perceived exertion as very hard (>6 on
Borg scale) and subjective symptoms of exercise in-
tolerance (severe dyspnea or fatigue, dizziness, pain
etc.).
(I) Strength training: five to six resistance exercises (in-
volving upper or lower limbs) with 5 to 10 repeti-
tion in each set, two times a week; accomplished
using person’s own body weight or low weights
(dumbbells or water bottles (0,5-1 kg).
(1) Inspiratory muscle training: with Philips breathing
trainer Threshold IMT, five times a week. Progres-
sion: repetitions from 3x3 to 3x7 in each set; resis-
tance from 30% to 65-70% from max.
(IV) Relaxation: five times a week. Includes breathing
techniques (diaphragmatic breathing; slow breath-
ing; pursed lip breathing; breathing pattern percep-
tion and awareness) and elements of progressive
neuromuscular relaxation and body awareness.
Self-control included monitoring of heart rate, SpO,,
perceived exertion on Borg scale, subjective clinical symp-
toms, recognition of alarm and warning signs with ap-
propriate action that was initially discussed. To enhance
compliance, patients were required to fill a daily study di-
ary. Each participant of the training group was provided
with a paper or online format diary and pulse oximeter
(Beurer PO 60) to ensure self-control measures.

The educational and motivational elements provided by
a physiotherapist (both in verbal and visual handout mate-
rial) was a part of the program. Education included both
information about the benefits of exercises, relaxation and
optimal self-control, possible adverse events of exercise, op-
tions of managing daily life activities, as well as self-man-
agement strategies for coping with exacerbation of disease
symptoms or stress situations. Weekly phone communica-
tion and three on-site consultations (at the beginning, after
4 weeks, after 12 weeks) were carried out by a physiothera-
pist to ensure both individualized adjustments and proper
execution, and to maximize clinical safety as well as provide
education (training) and encouragement.

Outcome measures
Six-minute walk test (6MWT) was performed according
to guidelines,™ with SpO,, heart rate, and blood pressu-
re monitoring. Distance (m) covered during the test was
recorded and minimal clinically significant difference (25—
33 m) was determined based on previous studies.'

IP_, ... (inspiratory pressure) test with Philips Thresh-
old IMT was performed. The patients were asked to per-
form an uninterrupted, maximal deep inhalation through
mouth with a special nose clip on, and the pressure
reached (cm H,0) was recorded.

Sleep quality was assessed by self-reported question-
naire PSQI (Pittsburgh Sleep Quality Index), general score

was recorded (higher total scores indicating poor sleep
quality). The cutoff score of 5 and more was defined as
poor sleep quality.'®

HADS (Hospital Anxiety and Depression Scale) ques-
tionnaire was used to detect symptoms of anxiety and
depression, and score of subscales HADS - anxiety, HADS
— depression was recorded. Cutoff score of 7 and more
was defined as clinically significant symptoms."’

Statistical analysis

Data are presented as mean = standard deviation (SD)
and as absolute values for individuals. Intragroup compa-
rison between baseline and 12 weeks was done using Wil-
coxon signed-rank test for all outcome variables. Group
comparison was done using Mann Whitney U test for all
outcome variables. A value of p <0.05 was considered
statistically significant. All analyses were carried out with
the SPSS v. 23.0 software program.

Table 1 - Baseline characteristics of the participants

Training group  Control group

(n=9) (n=7)

Age (years) 61.6 + 18.5 68.3 + 16.6
Gender (n)

Women/Men 8/1 710
BMI (kg/m?) 26.0+5.3 25.8+5.1
IPAH/APAH (n) 712 5/2
NYHA (n)

1 4/5 2/5
PAH therapy (n)

PDES5 inhibitor 8 7

ERA 4 4

Ventavis 1 0

Spironolactonum 9 6

Oxygen therapy 0 2
Co-morbidities (n)

Hypertension 5 4

Dyslipidemia 3 5

CHF 7 4

AF 5 4
Time since diagnosis (years) 3.1 +3.0 2.7 +1.1
Cardiac catheterization

mPAP (mmHg) 44.1 £ 15.7 49.1 +14.4

PCWP (mmHg) 10.1 £2.2 11.0+3.2

PVR (WU) 87+54 9.1+74

Data are presented as n, or mean = SD. AF — atrial fibrilla-
tion; APAH - associated pulmonary arterial hypertension;
BMI — body mass index; CHF — chronic heart failure; ERA —
endothelin receptor antagonist; IPAH - idiopathic pulmo-
nary arterial hypertension; mPAP - mean pulmonary arterial
pressure; NYHA — New York Heart Association; PAH - pul-
monary arterial hypertension; PAWP — pulmonary arterial
wedge pressure; PDE — phosphodiesterase; PVR — pulmonary
vascular resistance.
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Fig. 3 - Individual changes in 6MWT, IP_,  and PSQI at baseline and after 12 weeks. (A) 6MWT distance (m) for
each participant (n = 9) in the training group; (B) 6MWT distance (m) for each participant (n = 7) in the control
group; () IP_,  test results (cm H,0) for each participant (n = 9) in the training group; (D) IP_,  test results (cm
H,0) for each participant (n = 7) in the control group; (E) PSQI global score (points) for each participant (n = 9) in
the training group; (F) PSQI global score (points) for each participant (n = 7) in the control group. 6MWT - 6-min
walk test; IP_, - sub-maximal inspiratory pressure test; PSQI - the Pittsburgh Sleep Quality Index. Wilcoxon sig-

ned-rank test was used to prove difference between baseline and 12 weeks for all outcome variables. * p < 0,05

indicating a statistically significant difference.

Results

Baseline characteristics of training and control groups
are summarized in Table 1. When compared with the ba-
seline values, the 6MWT distance increased for eight of
nine patients in the training group and for three patients
in the control group. A statistically significant (p <0,05)
mean increase in distance was observed for the training
group (A =51.7 £ 45.1m) with almost no changes for con-
trol group (A = -1.4 + 36.6 m) (Figs 3A, 3B, Table 2). For
six participants (66.7%) from the training group and two
patients (28.6%) from the control group, the minimal cli-

nically significant difference for 6MWT distance was ob-
served. For one participant from training group and one
from control group 6MWT distance remained the same
as at the baseline, but from control group four patients
showed decreased 6MWT distance in assessment after 12
weeks, compared with baseline.

IP ... test results after 12 weeks compared to the
baseline values changed significantly only in training
group (A=9.8 4.7 cm H,0, p = 0,01) (Table 2).

The baseline PSQI global score values revealed poor
sleep quality for seven (77.8%) patients in training
group and five in control group (71.4%). The significant
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Table 2 - Change in 6MWT, IP PSQI and HADS results

submax"

Variable Training group (n = 9)
6MWT distance (m)

Baseline 412.2 £ 120.8

12 weeks 463.9 + 118.0

A 51.7 +45.1
Intra-group difference: p=0.01*
P, (cmH,0)

Baseline 29+5.1

12 weeks 38.8+25

A 98+4.7
Intra-group difference: p=0.01*
PSQI global score (points)

Baseline 72+25

12 weeks 5.3+3.1

>5 points (n, %)

Baseline 7 (77.8)

12 weeks 3(33.4%)

Intra-group difference: p =0.03*
HADS anxiety sub-scale (points)

Baseline 6.3+54

12 weeks 6.3+23

> 7 points (n, %)

Baseline 5 (55.6)

12 weeks 3 (33.4%)

Intra-group difference: p =091
HADS depression sub-scale (points)

Baseline 3725

12 weeks 34+26

> 7 points (n, %)

Baseline 1(11.1)

12 weeks 1(11.1)

Intra-group difference: p=0.55

Control group (n = 7) Between groups difference

278.6 + 128.9 p=0.08
277.1 £125.2 p=0.01*
-1.43 + 36.6 p = 0.04*
p=0.50

276 +6.9 p=0.46
27+72 p=0,01*
-0.7 £ 2.1 p <0.001*
p=0.42

89+52 p=0.40
7.7 4.1 p=0.17
5(71.4)

5(71.4)

59+5.1 p=0.71
7.7 £3.7 p =0.56
3 (42.6)

3 (42.6)

p=0.17

6.7+4.2 p=0.08
7.1+4.0 p = 0.04*
3 (42.6)

3 (42.6)

p=0.58

Values are mean = SD. Wilcoxon signed-rank was used to analyze changes between the baseline and at the end of 12 weeks in both out-
come variables within each group. Mann-Whitney U test was used to compare both outcome values in training and control group at the

baseline and at the end of 12 weeks. * p < 0.05 indicating a statistically significant difference. 6MWT - 6-min walk test; IP

- sub-maxi-

submax

mal inspiratory pressure test; PSQI - the Pittsburgh Sleep Quality Index; HADS - the Hospital Anxiety and Depression Scale.

improvement in PSQI score only in training group was
observed. (Figs 3C, 3D, Table 2) After 12 weeks accord-
ing to PSQI values sleep quality improved from poor to
good in four (44.5%) patients only from training group.
Compared with the baseline values domains of PSQI had
changed after 12 weeks in both groups for sleep latency
(C2) and sleep disturbances (C5), but only participants
from training group showed improvement in domains de-
scribing sleep quality (C3) and daytime dysfunction due to
sleepiness (C7).

HADS results approved clinically important anxiety
symptoms at the baseline assessment in five (55.6%) pa-
tients from the training group and three (42.6%) patients
from the control group and depression symptoms in one
patient from the training group and in three patients
from the control group. Compared with the baseline

after 12 weeks HADS sub-scales scores values confirmed
clinically important reduction of anxiety symptoms in
two of five patients from the training group and in one
from three patients from the control group who had el-
evated anxiety level at the baseline assessment, but one
patient from the control group showed clinically impor-
tant increase of anxiety. Depression symptoms did not
show clinically important changes for any of the partici-
pants (Table 2).

No adverse events (defined as clinical worsening or ex-
acerbation, hospitalization, significant raise in BNP level)
were observed during the course of the training program,
confirming a safety of the program. A reason for drop-
out (n = 1) in the training group was excessively increased
psychosocial distress due to the emergency situation in
COVID-19 pandemic during the study.
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Discussion

Our findings show that 12-week, individually tailored ho-
me-based exercise program is effective in stable PAH by
improving physical functional capacity, as well as impro-
ving sleep quality. 6BMWT and IP_,  test results showed
significantly higher improvement in the training group,
when compared to control group. Mean improvement in
6MWT distance (51.7 m) was higher than in our prelimi-
nary study (39 m).> Comparing results with the data from
other studies — the reported improvement ranged from
40-69 meters in 12-week-long programs.* But only one of
the studies analyzed home-based program, in which the
improvement in mean distance was 40 meters, therefore
our results demonstrate similar improvement.'®

Visible heterogeneity of participants in both patient
groups according to 6MWT results was present, but simi-
larly to our previous research,> a possibility to individu-
ally adapt the program for each patient ensured achieve-
ment of improvement both in patients with relatively low
(baseline distance 140 m, improvement 80 m) and high
(baseline distance 480 m, improvement 120 m) exercise
capacity.

The study results confirmed a significant improve-
ment of inspiratory muscle function described by IP_,
test results after the 12-week-long home-based exercise
program and significant difference between groups was
noted. It is difficult to compare with results from other
studies because we did not test maximal inspiratory pres-
sure. Otherwise, the IP_,  test used in the study was ap-
propriate to detect inspiratory muscle dysfunction and
improvements after training in study population. Results
of recently published studies on inspiratory muscle train-
ing in PAH patients have showed improvements in IP__ (A
17.8-A 30.8 cm H,0) after 8-week inspiratory muscle train-
ing compared to our results (A 9.8 cm H,0). This could be
explained with training intensity (lower in our study) and
baseline values (mean 29 cm H,0 in our study, 55.7-78.2
cm H,0 in other).'2

More than 70% of the participants presented with
poor sleep quality at baseline assessment pointing out
important health concern in PAH patients.'®?' Contrary
to expected, we did not find clinically significant symp-
toms of depression in the studied population and ap-
proximately half of patients had clinically significant
symptoms of anxiety that can also explain poor quality
of sleep. Prevalence of mental disorders in PAH patients
lies between 7.8-53%." We want to highlight the im-
provement in sleep quality that reached level of statisti-
cal significance, as well as clinically significant change
of proportion of patients with poor sleep quality (from
77.8% at baseline to 33.4% after training). This could
be attributed to improvement of sleep habits and day-
time planning, as well as positive impact on autonomic
balance by exercise training."?2 Most likely inspiratory
muscle training and relaxation techniques made higher
impact on sleep quality in the training group, and the
results are similar to recently published pilot study find-
ings about slow breathing in PAH." Positive influence
on relaxation could explained clinical important reduc-
tion of anxiety symptoms in two of five patients from
the training group.

Study limitations
As mentioned above these are the preliminary results of
a bigger ongoing study. One of the main limitations is
the small sample size which could potentially limit statis-
tical power for some of the outcome measures. Since we
did not use maximal inspiratory pressure measurements,
it was difficult to compare our results with other studies.
Our findings about the effectiveness of home-based
exercise program acquire a special meaning in the con-
text of unexpected external conditions created by COV-
ID-19 pandemic. The 12-week intervention study period
coincided with state emergency lockdown time in Latvia.
Therefore, process and results of the training program
reflect the opportunity to carry out a safe and effective
exercise training at home environment using remote con-
trol by a specialist to provide optimal rehabilitation in
such high-risk group patients as PAH during virus pan-
demic.

Conclusion

The studied 12-week individually tailored home-based
exercise program is effective in stable PAH patients by im-
proving physical functional capacity, as well as sleep qual-
ity. Further studies are required to solidify the methodol-
ogy of exercise programmes in the field of PAH. These are
the preliminary results of ongoing study.
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Zenské pohlavi je spojovano se zvysenym rizikem nezadoucich pfihod po chirurgické nahradé aortalni
chlopné, avsak s lepsim vyslednym stavem po katetriza¢ni implantaci aortalni chlopné (TAVI). Méné se
toho jiz vi o rozdilech mezi pohlavimi ve funkcni kapacité s tézkou aortalni stenézou (AS). Cilem nasi
studie bylo zjistit, zda existuje rozdil mezi pohlavimi ve funk¢ni kapacité u skupiny asymptomatickych
pacientt s tézkou AS.

Metoda: Asymptomaticti pacienti s tézkou AS byli zafazovani prospektivné a absolvovali kardiopulmonalini
zatézové vysetreni (cardiopulmonary exercise testing, CPET) na bicyklovém ergometru (pacient v poloze na
zadech, protokol RAMP, 15W/min). Pacienti s prokazanou ischemii byli ze studie vyfazeni.

Vysledky: Do studie bylo zafazeno celkem 139 pacientd, z toho 61 Zen. Pfi vstupnim vysetieni nebyly mezi
pohlavimi nalezeny zadné rozdily ve véku (66,11 vs. 64,8 roku; p = ns), echokardiografickymi parametry
zavaznosti AS (V__ 4,53 vs. 4,53 m/saniP__ 52,27 vs. 53,42 mm Hg, vie p = ns), aZ na hodnoty AVA (0,75 =
0,1vs. 0,63 £0,17), EF LK (68,7 vs. 71,6 %), E/e’ (12,6 vs. 14,3) a BNP (92,5 vs. 103 pg/ml), vie p = ns. Zeny mély
vy$si hodnoty BMI (29,5 vs. 27,3; p = 0,018), nizsi VO, _ (13,10 vs. 17,6 ml/kg/m? p = 0,001) a vy33i VE/VCO,
slope (33,69 vs. 28,87; p = 0,004). K uréeni vztahu mezi klinickymi a echokardiografickymi charakteristikami
sVO, . byly provedeny univariacni/multivariacni linearni regresni analyzy. Proménnymi nezavisle spojenymi
s VO, . byly Zenské pohlavi (beta = -0,365; p = 0,002), V__ (beta = -0,341; p = 0,004), vék (beta = -0,239; p
=0,035) a BMI (beta = -0,246; p = 0,028)

Zavér: Zenské pohlavi je nejsiln&jsi nezévisly prediktor snizené funkéni kapacity, a to i po adjustaci na ostatni
proménné vcetné BMI a echokardiografickych markerd zavaznosti AS. Ke zjisténi, zda vyse uvedena fakta
néjak ovliviuji vysledny stav pacienta po onemocnéni, je tfeba provést dalsi studie.
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ABSTRACT

Female gender has been linked to increased risk of adverse events after surgical aortic valve replacement
but with better outcome after TAVI. Less is known regarding functional capacity between the genders with
severe AS. We investigated whether there is a gender difference in functional capacity in asymptomatic
group of patients with severe AS.

Method: Asymptomatic patients with severe AS were prospectively enrolled and underwent cardiopulmo-
nary exercise testing (CPET) on supine ergobicycle, ramp protocol, 15W/min. Patients with test positive for
ischemia were excluded.

Results: There were 139 patients, 61 women. There were no baseline gender differences in age (66.11 vs
64.8, p = ns), echo parameters of AS severity (V__ 4.53vs4.53 m/s, and P__ 52.27 vs 53.42 mmHg, all p = ns)
except AVA (0.75 + 0.1 vs 0.63 + 0.17), LVEF (68.7 vs 71.6%), E/e’ (12.6 vs 14.3) and BNP (92.5 vs 103 pg/ml),
all p = ns. Women had higher body mass index (29.5 vs 27.3, p = 0.018), lower VO, _ (13.10 vs 17.6 ml/kg/m?,

2max
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p = 0.001) and higher VENVCO, slope (33.69 vs 28.87, p = 0.004). Univariable/multivariable linear regression

analyses were used to test the relation between clinical and echocardiographic characteristics with VO
The variables independently associated with the VO
(beta=-0.341, p = 0.004), age (beta =-0.239, p = 0.035) and BMI (beta = -0.246, p = 0.028)

Conclusion: Female gender is the strongest independent predictor of decreased functional capacity, even
when adjusting for other variables, including BMI and echo markers of AS severity. Further studies are nee-
ded to determine whether this finding affects the outcome of the disease

Keywords:

Aortic stenosis
Asymptomatic
Functional capacity
Gender

2max”

were female gender (beta = -0.365, p = 0.002), V__

2max X

Introduction

Risk stratification and treatment decisions in asymptoma-
tic patients with isolated severe aortic stenosis (AS) are still
a matter of debate and are addressed in ongoing randomi-
zed trials." The prognosis of asymptomatic patients with
AS is mainly defined by the severity of AS, left ventricular
(LV) global systolic function and hemodynamic burden.
However, pathophysiological response of the LV to chronic
pressure overload in AS may be gender dependent. Female
gender has been linked to increased risk of adverse events
after surgical aortic valve replacement as compared to ma-
les (SAVR)* but with better outcome after transcatheter
aortic valve implantation (TAVI).56 Yet, less is known regar-
ding difference in functional status between the men and
women with severe AS. If the difference in LV pathophys-
iological adaptive response affects the onset of symptoms
and timing of optimal intervention, than the objective in-
dicators of the functional status of patients could be diffe-
rent between sexes with similar AS severity. So far, objecti-
ve measures directly comparing cardiopulmonary exercise
parameters in women vs men with severe AS is lacking.
Cardiopulmonary exercise testing (CPET) is appropriate to
be used as an objective tool for assessment of functional
status and exercise tolerance’ in patients with AS.

Therefore, we aim to investigate whether there is
a gender difference in functional capacity, assessed
through CPET, in asymptomatic group of patients with
isolated severe AS.

Method

We have analyzed patients with asymptomatic severe AS
vV, >4m/s, P >40 mmHg, AVA < 1 cm?) from the co-
hort screened for AVATAR trial eligibility (NCT02436655).
Asymptomatic status was confirmed during exercise tes-
ting in each patient. AVATAR is a randomized trial de-
signed to evaluate elective/early SAVR vs watchful wai-
ting strategy in asymptomatic patients with severe AS;
details of the trial have been previously given.® Blood
sampling was performed at rest, before CPET.

The AVATAR trial has been approved by local ethi-
cal committees. All patients within this study have been
screened for AVATAR trial participation and have given
the informed consent.

Echocardiography

The diagnosis of severe AS was established according to
standard echocardiography criteria.® All echocardiogra-

phic examinations were performed by two expert opera-
tors. Multiple views were recorded including parasternal
long and short axis (basal, mid, apical), apical 2-, 3-, and
4-chamber and the subcostal view. LV internal dimensi-
on, posterior wall thickness, and interventricular septum
thickness were measured at end-diastole, at a level im-
mediately apical to the mitral valve leaflet tips, in two-
-dimensional parasternal long-axis view. The LV mass was
calculated using the corrected formula of the American
Society of Echocardiography and was indexed for body
surface area.’® AS was graded using the continuity equa-
tion® calculated as moderate aortic valve area (AVA; from
1.0 to 1.5 cm?) or severe (AVA <1.0 cm?). The subaortic
diameter was measured from inner edge to inner edge
at the level of the base of the aortic cusps in a paraster-
nal long-axis frame frozen in mid systole. Pulsed-Doppler
recordings were made in apical five-chamber view with
the sample volume moved axially from the aortic annu-
lus, 0.5-1 cm below the valve, recording V__ and velo-
city-time integral. Continuous wave recordings were
made from all available transducer windows to obtain
the Doppler signal most parallel with the direction of
the stenotic jet flow, which provided the highest velocity
recording. Continuous-wave signal was traced to obtain
peak velocity, velocity-time integral, and peak and mean
pressure difference. All acquired images were stored di-
gitally for off-line analysis. The average of at least three
cardiac cycles was computed for each measurement.

Cardiopulmonary exercise testing

The CPET analysis was done on semi-supine ergo-bicycle
(Schiller CS 200, Germany) with Ramp 15 protocol (R15).
First 3 minutes of pedaling were without workload. After
that, there was incremental increase in workload, 15 W
for every minute. During CPET special attention was paid
on AS symptom onset. Test was stopped if emergence of
symptoms was observed. Patients were encouraged to
exercise as much as possible. During CPET, patients under-
go 12 lead ECG monitoring, and blood pressure measu-
rement every 3 minutes during exercise, at peak effort,
and 3 minutes later during recovery. The criteria for in-
terrupting test were severe chest pain, dizziness/syncope,
ST-segment shift >2 mm (at least 0.08 seconds after J po-
int) diagnostic for ischemia in the setting of LV hypertro-
phy, extreme dyspnea/fatigue, excessive increase (systolic
blood pressure >240 mmHg, diastolic blood pressure >120
mmHg), or drop in blood pressure (=20 mmHg).
Expiratory gases were collected on a breath-by-breath
basis and analyzed by metabolic cart (Schiller CS 200, Ger-
many). Ventilatory anaerobic threshold (VAT) was deter-
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mined by the ‘V-slope’ analysis on oxygen consumption
(VO,) vs. carbon dioxide production (VCO,). The values of
VO, at VAT and at peak exercise (peak VO,) are expressed
as ml O,/kg/min during the 30 seconds in which the ex-
amined event occurred and printed using rolling aver-
ages every 10 seconds. Ventilatory efficiency/VCO, slope
was measured by excluding data points after the onset of
maximal hyperventilation at the maximal effort. The re-
spiratory exchange ratio 1.10 at the end of the CPET test
was considered as the achievement of the maximal effort.

Results

Data were analyzed in 139 patients, 61 women and 78
men. The most frequent form of AS was degenerative
AS (80.5%, while 15.6% had bicuspid AS) and the most
frequent comorbidity associated with AS was hyperten-
sion (90.9%), while 20.7% had diabetes mellitus. Mean
age was 66.73+10.32, mean gradient was 52.75+12.23
mmHg,? mean AVA was 0.69+0.17 cm?, while mean LVEF
was 69.25+7.16%. There were no baseline gender diffe-
rences in age, LVEF, brain natriuretic peptide (BNP), and
in most echo parameters of AS severity except of aortic
valve area (AVA) (Table 1). Females had higher body mass
index, lower maximal oxygen consumption (VO, ), lo-
wer O, pulse, higher VE/VCO, slope, worse relationship
between O, consumption and workload and also achie-

2
ved significantly lower workload during testing while re-

ached similar maximal heart rate (Table 2). Univariable
and multivariable linear regression analysis were used to
test the relation between various clinical and echocardio-
graphic characteristics with VO, _ (Tables 3 and 4). The
variables independently associated with the VO, _ were
female (beta = -0.365, p = 0.002), V__ (beta = -0.341, p
= 0.004), age (beta = -0.239, p = 0.035) and BMI (beta =
-0.246, p = 0.028) (Table 4).

Statistical analysis

The normality assumption for continuous variables was
evaluated by the Kolmogorov-Smirnov test. Normally
distributed variables are presented with mean =+ stan-
dard deviation, and variables that did not show a normal
distribution are presented as the median value and in-
terquartile range. Categorical variables are reported as
counts with percentages. Continuous variables were com-
pared using the two-sided Student’s t test for normal dis-
tributed, or Mann-Whitney U test for non-normal distri-
buted variables. Differences in categorical variables were
tested by y? test or Fisher test, as appropriate. Univariable
logistic regression analysis was used to test the relation
between various clinical and echocardiographic charac-
teristics with VO, . To select covariates independently
associated with VO, _, significant univariable predictors
were reassessed by a multivariable logistic analysis, with
values for inclusion and elimination set at p <0.10.

Table 1 - Elementary, echocardiographic, and laboratory parameters in comparison according to gender

Parameters Male

Age 66+11.6
BMI 27+3.5

EF biplane (%) 68+7.4

SVi (ml/m?) 43.79+13.08
LVd mass index (g/m?) 164.7+38.65
LVESV (ml) 36.7+14.8
LVEDV (ml) 121.3+£33.97
Relative wall thickness (cm) 0.471+0.057
BNP pg/ml 92.5 (104.75)
Median (interquartal range)

E/e’ 12.6+5.59
TAPSE (cm) 2.23+0.60
PASP (mmHg) 29.4+9.50
V. .. (mis) 4.53+0.36

P eon (MMHQ) 52.27+12.09
P... (mmHg) 81.75+16.20
AVA (cm? 0.75+0.15
AVAI (cm#m?) 0.38+0.08
Zva (mmHg/ml/m?) 4.65+1.31

Female p
64+8.4 0.718
29+5.1 0.018
71£6.7 0.062
39.26+10.84 0.043
150.8+31.66 0.146
27.5+12.3 0.014
102.2+30.3 0.028
0.494+0.065 0.063
103 (111.75) 0.832
14.3+6.47 0.105
2.13+0.43 0.362
31.3+7.55 0.492
4.53+0.35 0.974
53.42+12.52 0.590
81.60+14.38 0.955
0.63+0.17 <0.001
0.35+0.09 0.025
5.14+1.5 0.064

AVA - aortic valve area; BMI - body mass index; BNP - brain natriuretic peptide; E/e’ - ratio between early mitral inflow velocity and mitral
annular early diastolic velocity; EF - ejection fraction; LVESV/LVEDV - left ventricular end-diastolic and end-systolic volume; PASP - pul-
monary artery systolic pressure; P__ — maximal gradient across aortic valve; P - mean gradient across aortic valve; SVi - indexed stroke
volume; TAPSE- tricuspid annular plane systolic excursion; V__ —maximal velocity across aortic valve; Zva - valvulo-arterial impedance.
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Table 2 - Comparing parameters of cardiopulmonary exercise testing between genders

Parameters Male Female P
VO, . (mL/kg/min) 17.64+4.61 13.10+3.32 <0.001
0, pulse (ml/beat) 12.03+3.07 7.91£1.93 <0.001
VE/NCO, slope 28.87+5.57 33.69+7.50 0.004
Achieved workload (Watts) 112.91+30.66 71.64+22.17 <0.001
Maximal heart rate (bpm) 126.84+19.37 131.18+23.28 0.271
dVO,dWR (mL/min/Watt) 9.08+4.77 4.65+2.93 <0.001
PETCO, (mmHg) 36.71+6.77 35.30+8.05 0.481

dVO,dWR - relationship between oxygen consumption and workload; PETCO, - extrapolated end-tidal carbon dioxide tension; VO
maximal oxygen consumption; VE/VCO, slope - ratio between pulmonary ventilation and carbon dioxide production.

2max

Table 3 - Univariate logistic regression analysis for relation to VO

2max

vo, . B Beta p C195%
Female 4.534 ~0.365 <0.001 2.442-6.625
Age 0177 ~0.306 0.010 ~0.310 to -0.044
BMI ~0.366 0327 0.012 ~0.646 to ~0.085
EF biplane 0.046 0.052 0.669 ~0.167-0.258
svi 0.083 0.050 0.106 ~0.019-0.184
LVd mass index 0.005 0.039 0.833 ~0.046-0.056
LVESV 0.094 0.245 0.200 ~0.053-0.240
LVEDV 0.022 0.143 0.460 ~0.039-0.083
BNP 0011 -0.217 0.162 ~0.028-0.005
NTproBNP ~0.001 -0.163 0.334 ~0.003-0.001
E/E" 93.536 0.304 0.011 21.965-165.107
TAPSE 1232 0.140 0.259 ~0.930-3.394
SPDK 0.232 0.283 0.215 ~0.146-0.610
V., -3.849 ~0.264 0.029 ~7.282 10 -0.416
n ~0.035 ~0.089 0.469 ~0.130-0.061
P -0.078 0195 0.108 ~0.173-0.018
AVA 10.283 0.385 0.001 4.277-16.288
AVAi 17.859 0.320 0.008 4.871-30.846
2va ~0.780 -0.246 0.046 ~1.545 10 -0.014
S'mean 28.376 0.094 0.440 ~44.468-101.219
SWL ~0.027 ~0.080 0.515 ~0.109-0.055
ELI 13.007 0.358 0.003 4.530-21.484

AVA - aortic valve area; BMI - body mass index; BNP - brain natriuretic peptide; EF - ejection fraction; ELI - energy loss index; LVESV/
LVEDV - left ventricular end-diastolic and end-systolic volume; PASP - pulmonary artery systolic pressure; P__ - maximal gradient across
aortic valve; P - mean gradient across aortic valve; S’ - systolic velocity of mitral annulus; SVi - indexed stroke volume; SWL - stroke
work loss; TAPSE ~ tricuspid annular plane systolic excursion; V.- maximal velocity across aortic valve; Zva - valvulo-arterial impedance.

Statistical analyses were performed using the statistical even when adjusting for other variables, including age,
package for social sciences, version 21 (SPSS, Chicago, lll).  body mass index, and echo markers of AS severity in asym-
Statistical significance was defined as p <0.05. ptomatic patients with severe AS. It is the first study to
directly compare the functional capacity assessed through
the CPET parameters in group of asymptomatic opposite
Discussion sex patients with severe AS. CPET is an expression of the

functional health of the combined cardiovascular, pulmo-
Our study showed that female gender is the strongest nary and skeletal muscle systems,’ and as such it serves
independent predictor of decreased functional capacity, as an objective measure of functional status and capaci-
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Table 4 - Multivariate logistic regression analysis for relation to VO,

VO, ... B Beta
Female 3.389 -0.365
Age -0.140 -0.239
BMI -0.312 -0.246
Vo -5.609 -0.341
e/E’ - -

AVA - -
AVAI - -

Zva - -

ELI - -

P Cl195%

0.002 1.453-5.924
0.035 -0.269 to -0.010
0.028 -0.589 to -0.035
0.004 -9.294 t0 -1.924
0.892 -

0.589 =

0.819 -

0.752 -

0.494 -

AVA - aortic valve area; BMI - body mass index; Cl - confidence interval; E/e’ - ratio between early mitral inflow velocity and mitral annu-

lar early diastolic velocity; ELI - energy loss index; V
- valvulo-arterial impedance.

X

ty. Although women generally tend to have lower VO,
values compared to men in our study the groups were
well matched, the severity of AS and the frequency of co-
morbidities were the same, thus the interaction analysis
between sex and AS on VO, _ directly demonstrated that
females indeed have risk for impaired functional capaci-
ty. Our finding also implicates that for same severity of AS
AVR may be considered earlier in women in comparison
to men.

Although LV hypertrophy regression occurs relatively
early post AVR (up to 20-30%), normalization of myocar-
dial structure and function is not always possible.' Thus,
timely recognition of myocardial fibrosis and latent myo-
cardial inability to significantly enhance its function in ex-
ertion is important. Fairbairn and coworkers in their study
showed that in most patients with significant AS there
was preoperative evidence of myocardial fibrosis.” In
their study they also hypothesized that even if reverse LV
remodeling occurs post AVR the fibrosis is irreversible and
thus limits potential functional capacity improvement. In
other words, the AVR may be successfully performed but
the recovery is suboptimal as the optimal time for the op-
eration was missed, and thus certain symptoms, such as
fatigue, could persist after the intervention. In this sense
females seem to be at greater risk than males. Studies
have demonstrated that females have significantly lower
increase in functional capacity in comparison to males fol-
lowing cardiac rehabilitation after acute cardiac event or
with regard to chronic heart disease.’"

For a given aortic valve area and/or mean gradient fe-
males tend to have higher amount of fibrosis and a great-
er proportion of dense connective tissue in aortic valve
as compared to males.'®' Women also appear to obtain
agreater degree of diffuse fibrosis during chronic pressure
overload. Demonstrated with cardiac MRI (CMRI), women
often have smaller LV cavity size and more pronounced
concentric remodeling/hypertrophy'®'® compared with
men who have AS of similar severity and with similar
comorbidities. This has been confirmed in our study, as
females had smaller end-diastolic and end-systolic LV
volumes, lower indexed stroke volume, and borderline
higher relative wall thickness. Females also had smaller

- maximal velocity across aortic valve; VO

- maximal oxygen consumption; Zva

2max

LV outflow tract diameter and consequently smaller AVA.
The observed LV geometric changes with increased wall
thickness relative to left ventricular diameter, tends to
reduce wall stress and thereby myocardial metabolic de-
mand, yet this adaptive response is not necessarily always
beneficial to the patient. Beside the fact that low-flow
severe AS has been associated with increased AS-related
morbidity and mortality,?>?' the smaller the LV cavity and
the more pronounced the concentric LV remodeling is,
the more decreased is exercise capacity.?? Saeed et al.
demonstrated in 316 patients with moderate or severe
AS that exercise capacity was lower in women than men,
and the determinants of exercise capacity differed among
genders,? with women having smaller LV dimensions in
this study. In our study females achieved significantly
lower workload during exercise and also had almost all
cardiopulmonary parameters worse than males.

A prospective study by Singh et al.** found that fe-
males had earlier onset of symptoms in comparison to
males for a similar indexed aortic valve area. However,
it is challenging to attribute symptoms to AS, especially
in the elderly, thus, relying entirely on symptom onset to
guide the timing of AVR is problematic for either gender.
Aortic stenosis is an insidious disease and hence every ef-
fort should be made to perform a thorough analysis, as-
sess the actual clinical status, especially in risk groups, and
determine adequate risk stratification.?®? This can halt
the otherwise inevitable progression of systolic deteriora-
tion by timely sending the patient to AVR and unloading
the LV. With regard to this fact, CPET might be of help
as an objective indicator of functional and symptomatic
status. According to our results gender-specific AS risk-
evaluation strategy should be considered.

Study limitations

The number of analyzed patients is relatively low and as
such it might be difficult to generalize the results. Ho-
wever, it is still the largest number of asymptomatic AS
patients that were analyzed in the context of gender-
-related functional capacity. The fact that patients were
screened and included in the randomized study allowed
the study groups to be equal in the majority of baseline
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characteristics. Although the screening and inclusion of
patients was prospective (within the AVATAR trial) the
results of this study were presented as part of the subse-
quent analysis.

Conclusion

Female gender is the strongest independent predictor of
decreased functional capacity, even when adjusting for
other variables, including body mass index and echo mar-
kers of AS severity. Further and larger studies are nee-
ded to evaluate the mechanisms of gender differences in
patients with AS and to determine whether this finding
affects the course and outcome of the disease.
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ABSTRACT

Background: Cryopreserved allograft heart valves (CAHV) currently represent conduits of choice showing
longer event-free survival compared to other types of prostheses. However, almost all patients develop
early or late allograft failure. The exact mechanism of the failure and eventual role of cellular or antibody-
-mediated rejection remain uncertain. In this study, we targeted the microscopical structure of CAHV in
correlation to the duration of implantation, assessed the degree of degenerative changes and searched for
signs of cellular rejection.
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Methods: 24 patients with CAHV and one patient with xenograft heart valve who required conduit explan-
tation in the period of 11/2017-5/2020 were prospectively enrolled in the study. Age of the patients at the
time of implantation, duration of implantation, type of conduit, main diagnosis and number of previous
implantations were recorded. Conduits were subjected to light microscopy and the microscopic structure
was assessed using basic staining methods and immunohistochemistry.

Results: All conduits were completely non-vital, with areas of necrosis, hyalinization, calcification, meta-
plastic bone formation and pannus overgrowth. Foci of rejection-type inflammatory infiltrate were noted
in three cases. Three other patients showed perioperative and microscopical signs of subacute infective
endocarditis. Both severity of the microscopical changes and presence of rejection-type infiltrate were inde-
pendent of duration of implantation or any other clinical variable.

Conclusions: Histopathological assessment of explanted conduits may contribute to understanding of exact
pathogenic mechanisms of allograft failure. However, the microscopic appearance of long-term explants is
often non-specific and signs of cellular rejection are sparse. Examination of short-term and intermediate-

Rejection

-term explants may be more beneficial.

Introduction

Cryopreserved allograft heart valves (CAHV) represent
conduits of choice showing better hemodynamics, higher
resistance to infections, lower risk of thromboembolic
events and superior longevity compared to other types of
allografts.’ However, all implanted allografts inevitably
reach the failure requiring replacement or another form
of surgical intervention. Negative predictors of graft fail-
ure stem from clinical studies and include small age of
donor and recipient, low weight of recipient, small size
of allograft or aortic type of allograft.2® Histopathologi-
cal examination of explanted allografts is not a part of
routine biopsy practice and studies describing their mi-
croscopical appearance are limited in number. The exact
pathophysiological mechanism of allograft failure and an
eventual role of cellular or antibody-mediated rejection
thus remain uncertain.

In this study, we aimed at the microscopical structure
of the explanted allografts. We assessed the degree of
degenerative changes with regards to the duration of
implantation, evaluated the presence of rejection-type
inflammatory infiltrate and searched for any other his-
topathological variables that could alleviate the cause of
the graft failure.

Materials and methods

All patients with CAHV (ten pulmonary, seven aortic, and
eight not specified) and one patient with xenograft heart
valve implanted in the right ventricular outflow tract po-
sition, whom reached failure and required explantation
in our center in the period from November 2017 to June
2020 were prospectively enrolled in the study. Age of the
patients at the time of implantation varied from 1 month
to 24 years (mean 59, median 31, inter-quartile range
13-62 months). Duration of implantation ranged from 6
months to 23 years (mean 131, median 133, inter-quartile
range 68-197 months). Main diagnosis of the recipient
and number of previous implantations were also record-
ed. All the clinical details are summarized in Table 1.

The explanted conduits were fixed in 10% formalin
and decalcified. After that, they were dissected and sub-
mitted to histopathological evaluation by light micros-

copy. Specimens were embedded in paraffin blocks and
sections of 2 pym thickness were taken. All the microscopi-
cal slides were stained with hematoxylin and eosin. To
properly assess the degree of structural deterioration,
additional stains and immunohistochemistry highlight-
ing individual components of the arterial wall and val-
var cusps were performed. All samples were stained with
Masson'’s trichome highlighting smooth muscle cells and
fibrous tissue, Weigert’s resorcin fuchsin highlighting
the elastic fibers and alcian blue/periodic acid-Shiff stain
demonstrating the presence of glycosaminoglycans. For
the immunohistochemistry, 1-pum tissue sections were de-
paraffinized and specific primary antibodies were used:
anti-vimentin (DAKO, at dilution 1 : 100) highlighting
the overall cellularity of the sample, anti-h-caldesmon
(BioSB, at dilution 1 : 100) demonstrating smooth muscle
cells and anti-CD34 (BioGenex, at dilution 1 : 40) staining
the endothelial cells. To highlight signs of cellular-type
immune rejection, immunohistochemical stains of CD20
(DAKO, at dilution 1 : 300), CD3 (BioGenex, at dilution
1:100) and CD8 (DAKO, at dilution 1:200) antigens were
performed and the number of positive cells per 1 high
power field (x400) was counted. HRP/DAB PolyDetector
(Bio SB) was used as a detection kit for all the aforemen-
tioned antibodies.

Ethical considerations

Legal representatives of the patients signed an informed
consent form for inclusion into the study. The study was
approved by the Ethics Committee of Motol University
Hospital.

Results

At the gross examination, all the explanted conduits
appeared extensively calcified and fibrotic, with marked-
ly reduced valvar cusps. In three cases (patients number
11, 14, and 23), the perioperative macroscopic appea-
rance was suggestive for infective endocarditis. On the
microscopical level, all the conduits were completely
non-vital, with loss of original trilaminar structure. The-
refore, an exact quantification of individual histopatho-
logical changes by grading system was not possible. The-
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Table 1 - Clinical characteristics of the patients

Patient No. Sex Age at Duration of Site of
implantation  implantation  implantation
(months) (months)
1 M 25 20 RVOT
2 M 7 6 RVOT
3 F 51 64 RVOT
4 M 2 54 RVOT
5 F 25 142 RVOT
6 M 14 172 RVOT
7 F 15 88 RVOT
8 F 21 197 RVOT
9 F 1 54 RVOT
10 M 36 186 RVOT
1" M 211 97 RVOT
12 M 50 83 RVOT
13 F 59 69 RVOT
14 M 96 208 RVOT
15 M 7 1" RVOT
16 M N/A N/A RVOT
17 M 24 222 RVOT
18 M 1" 123 RVOT
19 F 122 202 RVOT
20 M 48 282 RVOT
21 M 38 197 RVOT
22 F 1 146 RVOT
23 M 289 254 RVOT
24 F Al m RVOT
25 F 193 157 RVOT

Graft type Pulmonary/ Main dia- Previous Infective
Aortic gnosis er:I)pIantations endocarditis
CAHV P TGA, VSD 2 No
CAHV A PA, VSD 0 No
CAHV P PA, VSD 2 No
xenograft N/A TA 1 No
CAHV A PA, VSD 1 No
CAHV P PA, VSD 1 No
CAHV P PA, VSD 1 No
CAHV A PA, VSD 1 No
CAHV N/A TA 1 No
CAHV N/A AS, ROSS 1 No
CAHV A TOF 2 Yes
CAHV N/A DORV 1 No
CAHV A TA 4 No
CAHV P TOF 0 Yes
CAHV N/A DORV 1 No
CAHV A TOF 0 No
CAHV N/A TA 2 No
CAHV P PA, VSD 1 No
CAHV P TOF 1 No
CAHV N/A DORV 1 No
CAHV A TGA, VSD 1 No
CAHV P PA, VSD 1 No
CAHV P TOF 1 Yes
CAHV N/A TOF 2 No
CAHV P TGA, VSD 1 No

A - aortic; AS - aortic stenosis; CAHV - cryopreserved allograft heart valve; DORV - double outlet right ventricle; F - female; M — male; P — pulmonary; PA - pulmonary
atresia; ROSS - Ross-Konno procedure; RVOT - right ventricular outflow tract; TA - tricuspid atresia; TGA - transposition of the great arteries; TOF - tetralogy of Fallot;

VSD - ventricular septal defect.

re were extensive degenerative changes with large areas
of necrosis, followed by fibrosis and hyalinization. Hya-
linized areas were hypocellular and consisted predomi-
nantly by collagenous extracellular matrix. Apart from
that, extensive nodular calcifications and even a meta-
plastic bone were focally present. Elastic fibers were nu-
merous in necrotic areas, but substantially fragmented
and crumbled. In fibrotic areas, elastic component was
markedly reduced. Deposits of glycosaminoglycans were
focally present. Valvar cusps were found only in a form
of small fibrotic and necrotic remnants. In all patients,
there was a fibrotic pannus overgrowth from the lumi-
nal surface. The immunohistochemical assessment of vi-
mentin antigen was negative in the wall of the conduit,
positive cells were found only in the fibrous tissue of
pannus and fibrous adhesions around the conduit. H-cal-
desmon stain was negative as well. CD34 antigen sho-
wed almost complete loss of endothelial layer, preserved
only in a few remnants. In one case (patient number 2),
the microscopical appearance was different. There was
a predominant necrosis affecting both the conduit wall
and the free valvar cusps. Fibrosis was less prominent,
and calcifications were small and delicate. Foci of re-

jection-type inflammatory infiltrate were noted only in
three cases (patients’ number 22, 24, and 25). The infla-
mmatory cells consisted mostly of CD8+ T-lymphocytes
with a smaller number of CD8 negative CD3+ T-cells and
CD20+ B-cells. Overall histopathological structure of ex-
planted conduits is demonstrated in Figures 1A-1J. Du-
ration of implantation did not substantially differ from
the rest of the patients. Patients with perioperative su-
spicion for infective endocarditis showed extensive are-
as of necrosis with rich histiocytic reaction around the
necrotic foci. Surfaces of the conduits were covered by
fibrinous and purulent exudate with clusters of Gram-
-positive cocci. The microscopical picture was thus consi-
stent with the clinical diagnosis.

Discussion

All patients with implanted conduit develop graft dys-
function or failure requiring surgical intervention. The
cause of the failure is most likely multifactorial, with
contribution of both immune and non-immune mecha-
nisms. However, a direct causative effect of the immu-
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Fig. 1 - Microphotographs showing the histopathological appea-
rance of explanted conduit. (A) The wall of the conduit shows
extensive necrosis with dystrophic calcium deposits and frag-
mented elastic fibers (hematoxylin and eosin, 100x). (B) Focus
of calcification in the wall of the conduit (hematoxylin and eo-
sin, 200x). (C) Necrotic wall of the conduit with fibrous pannus
overgrowth from the luminal side (hematoxylin and eosin, 200x).
(D) Necrotic wall of the conduit with fragmented elastic fibers
and fibrous pannus overgrowth (Weigert's resorcin fuchsin, 200x).
(E) Acellular remnant of valvar cusp with fibrotic overgrowth
(hematoxylin and eosin, 200x). (F) Immunohistochemical assess-
ment of vimentin antigen is negative in the necrotic wall of the
conduit and focally positive in fibroblasts of the pannus (on the
top) and fibrous adhesions (at the bottom) (100x). (G) Imnmunohis-
tochemical assessment of h-caldesmon antigen showing absence
of smooth muscle cells in the wall of the conduit (200x). (H) Im-
munohistochemical assessment of CD34 antigen demonstrating
complete absence of endothelial cells (200x). (I) Focus of rejec-
tion-type inflammatory infiltrate in the wall of the conduit (he-
matoxylin and eosin, 200x). (J) The inflammatory infiltrate con-
sists mostly of CD8+ lymphocytes (200x).

ne reaction is still not confirmed. Some authors suggest
that early graft failure might be immune-mediated,
while the failure of long-term implants may be caused
predominantly by non-immune degenerative process.
Stronger immune response can be expected also in pe-
diatric patients. Basket et al.> proposed that frequent
occurrence of early graft dysfunction between 6 and
12 months after implantation in pediatric patients is
probably immunologically driven. Vogt et al.” assessed
conduits from both adult patients and infants explan-
ted between 8 months and 9 years after implantation.
All pediatric cases showed signs of cellular rejection,

but in the adult group it was only 9%. In a study by
Koolbergen et al.,® the authors assessed 40 explanted
conduits with mean recipient age 18 years. During first
year after implantation, all conduits lost their internal
trilaminar structure and developed substantial loss of
cellularity. 78% of the grafts also showed signs of ce-
[lular rejection.

The level of immunogenicity of the graft is probably
related to the degree of cellular preservation, since more
preserved grafts keep higher amounts of viable immuno-
genic cells. This led to the introduction of decellularized
allografts. Decellularization represents a promising way
to eliminate valve tissue viability as a possible reason for
the accelerated allograft deterioration due to immune
related factors.® Data from our previous work (not pub-
lished yet) support this premise, since we demonstrated
an association between reduced cellular component of
cryopreserved allografts and decreased number of an-
tigen-presenting dendritic cells. On the other hand, in-
volvement of cellular rejection in a graft failure is still not
fully elucidated and therefore using immunosuppression
in high-risk patients (i.e. children or patients who under-
went several graft transplantations) in the form of short
course low dose postoperative therapy cannot be justi-
fied_10,‘|1

A significant contribution to understand the immune-
mediated process of graft deterioration stem from the
assessment of the valves acquired from hearts trans-
planted as a whole organ. Neves et al."”> compared mi-
croscopical appearance of five such valves with seven
explanted conduits. Valves excised from whole hearts
had almost normal microscopic structure, showing only
mild fibrous thickening on the free edges of the cusps.
On the other hand, the explanted conduits demonstrated
marked degenerative changes with extensive areas of
hyalinization, calcifications and loss of original trilaminar
structure. Rejection-type inflammatory infiltrates were
found in three conduits. Mitchell et al.'® described similar
findings in their study on 33 explanted conduits and 16
whole hearts. The microscopical appearance of valves ex-
cised from transplanted hearts had almost physiological
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histological appearance, even in patients who developed
heart failure due to acute rejection. One of the possible
explanations may be a different microvasculature of the
myocardium decelerating the blood flow and enhanc-
ing the possibility of mononuclear cell binging. A faster
laminar blood flow on the surface of the heart valves may
serve as a possible protective mechanism against the mar-
gination of the inflammatory cells.™

A contribution of antibody-mediated rejection in graft
failure remains obscure. Koolbergen et al.® found no de-
posits of IgG nor C3 in any of the explanted conduits in
their study. However, they described a transient elevation
of ICAM leukocyte adhesive molecule expression on the
valvar cusps of the conduits explanted up to 1 year af-
ter implantation. Antibody-mediated rejection thus may
manifest as an early and short-term phenomenon.

Individual microscopical changes appearing during
the process of graft degeneration can be reconstructed
from previous studies. One of the first observed changes
is a loss of endothelium. Due to its high sensitivity to
ischemia and traumatization, endothelial cell break-
down starts already at the time of multiorgan harvest
and continues during the cryopreservation, subsequent
thawing and handling of the conduit.”>'* Goffin et al."
described a substantial loss of endothelia in conduits
explanted a few hours after the implantation, accom-
panied by small stromal hemorrhages and influx of
neutrophils. Since the endothelium represents a highly
immunogenic structure, its absence may decrease the
immunogenicity of the graft.’® On the other hand, un-
protected surface of the valve may enhance an influx
of plasma proteins and subsequent alteration of its ex-
tracellular matrix. The process may resemble the devel-
opment of atherosclerosis, with endothelial dysfunction
and subsequent fibrosis and calcification.® In next days,
process of the cellular lysis and structural deterioration
with progressive loss of interlayer demarcations and loss
of interstitial cells continues. Mural thrombi and stromal
mononuclear inflammatory cell infiltration may be pres-
ent.’ During the second week after implantation, signs
of early healing process may be seen, with recipient fi-
broblasts proliferating from fibrous anulus towards the
free edges of the cusps.” Such a pannus overgrowth
is highly variable. It may develop because of previous
insult, represent a foreign body reaction or appear as
a result of thrombus organization. As a non-thrombotic
layer, it may decrease the risk of mural thrombosis. On
the other hand, it may lead to valve dysfunction." Inter-
mediate-term implants (up to 1 year after implantation)
show marked deterioration of the internal structure of
the conduits with fragmentation and loss of elastic fi-
bers. Valvar cusps are markedly flattened and reduced,
containing almost no vital cells.’ Long-term implants
(years after implantation) are non-vital, with undistin-
guishable layers, substantial loss of the elastic compo-
nent, marked reduction of valvar cusps, presence of nod-
ular calcifications and variable pannus overgrowth.” At
the end, there is very little of donor-derived interstitial
cells in such implants. O'Brien et al.”” were able to cul-
tivate small amount of donor fibroblasts even 9 years
after the implantation. However, such a small group of
cells is unlikely to contribute to anatomically appropri-

ate cellularity capable of functional matrix remodeling.
It is likely that a durability of the grafts largely depends
on the quality of the original collagenous skeleton.

In our study, all explanted conduits were markedly
degenerated, with complete loss of cellular elements
and extensive areas of necrosis, fibrosis, calcifications
and pannus overgrowth. The changes were uniform in
all patients except for one conduit, which was explanted
6 months after implantation and showed earlier signs
of degeneration with predominant necrotic areas. We
can speculate that the development of necrosis precedes
a process of fibrosis and calcification. However, calcifica-
tion may develop also as a direct consequence of disrupt-
ed extracellular matrix, which may serve as a nucleation
center.’® Due to uniformity of the histopathological
findings, no association could be found with any of the
clinical variables such as main diagnosis of the recipient,
age at implantation, duration of implantation, type of
the valve or number of previous implants. Rejection-type
inflammatory infiltrates were apparent in three cases.
With regards to the small overall age of the patients in
the study (mean age was 4 years and 11 months), we
could expect more cases with microscopic signs of cel-
lular rejection. However, a vast majority of the conduits
were long-term explants, with average 10 years and 11
months duration of implantation. It is presumable that
specific morphological signs that could eventually allevi-
ate an etiopathogenetic mechanism of the graft failure
had ceased or were covered by extensive degenerative
changes.

The study has several limitations. It is a descriptive,
single center study with small number of patients. In
addition, the predominance of long-term explants with
advanced degenerative changes and paucity of rejec-
tion-type inflammatory infiltration did not allow exact
objectivization and grading of individual microscopical
changes.

Conclusions

Graft failure is an inevitable phenomenon with invol-
vement of both immune and non-immune mechanisms.
Histopathological assessment of explanted conduits may
contribute to our understanding of exact pathogenic
mechanisms. However, the microscopical appearance of
long-term explants is often non-specific and signs of ce-
llular rejection are sparse. Examination of short-term and
intermediate-term explants may be more beneficial.
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ABSTRACT

Introduction: The high number of COVID-19 cases lean much burden on the healthcare system. Physicians
report fewer acute coronary syndrome (ACS) patients presenting to hospitals in countries severely affected
by the pandemic. It is concerning that patients with life-threatening iliness can suffer more complications or
die due to their myocardial infarction.
We have limited information about ACS-care in countries less affected by the pandemic. Being Hungary one
of them, we aimed to investigate the changes in myocardial infarction care in the country’s biggest PCl-center.
Methods: A total of 512 consecutive patients have been investigated, 396 people have been treated in 2018 and
2019 compared to 116 subjects suffering ACS in 2020 during the pandemic. We compared patients’ demogra-
phical and clinical characteristics as well as out-of-hospital death rates before versus during COVID-19 outbreak.
Results: A 41% (116/298) decrease in total ACS cases, a 29% (61/87) decline in STEMI and 51% (54/111) in
NSTEMI patients could be witnessed during the pandemic. The proportion of STEMI patients admitted late
(17.49%, 18/105 vs. 34.48%, 10/29). The number of severe cases — LM intervention, very high risk NSTEMI -
decreased. Out-of-hospital mortality increased by 17%.
Condlusion: Although the Hungarian healthcare system in the first wave was less burdened by the pandemic we
Keywords: saw a significant decline in ACS cases. The hazards of the delayed or lacking care can have a serious effect on the
Acute coronary syndrome prognosis of these patients. Seeing the increasing number of COVID-cases in the second wave, it is even more
COVID-19 important to raise awareness among patients and healthcare workers that ACS patients need to be treated.
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Introduction

The SARS-COVID-19 pandemic counts more than 3.5 mil-
lion confirmed cases and about 250 000 deaths world-
wide by the time we closed our analysis, by 30th April
2020." In Hungary the numbers are 1882 confirmed cases,
312 deaths. Severe cardiovascular complications are one
of the most common causes leading to death. That is why
patients suffering from chronic cardiovascular diseases
are at higher risk.

Physicians report that there are fewer acute coronary
syndrome (ACS) patients presenting to hospitals dur-
ing the pandemic. There is a concern that patients with
ACS are presenting later to the Emergency Departments.
Without proper, on time cardiac care unnecessary mortal-
ity rates can increase. Delays can lead to LV systolic dys-
function, cardiogenic shock, mechanical complications in
short term. Long-term complications of the delay, such as
suboptimal revascularization, worse remodelling, chronic
heart failure, higher likelihood of developing arrhyth-
mias can affect the prognosis of these patients.

Although it's known that SARS-CoV-2 raises the risk of
thrombosis, there is a STEMI-paradox during the pandem-
ic. A Spanish study involving 73 cardiac centres reports
40% decrease in STEMI patients.2 Americans report 38%
reduction in catheterization due to STEMI.> A multicen-
tre, nationwide, observational study in Italy states a re-
duction in both STEMI by 26.5% and NSTEMI by 65.1%.*

There are some possible reasons for the decrease in ACS
cases. During the pandemic patients are less likely to seek
medical attention, they fear being admitted to a hospital.
Besides patient’s anxiety there was a significant delay on
the part of the care providers. During the pandemic the
safety measures can slow down the usual process.> Ac-
cording to new guidelines, there was a change of thresh-
old referring patients to cardiac catheterization.®

Besides the decrease in ACS cases, an increase in sud-
den cardiac death — outside of a hospital — can be detect-
ed. In Lodi, one of the most affected regions, the num-
bers of sudden cardiac death cases have risen by 183%.”

Seeing the decline in the number of patients with
a life-threatening condition, we aimed to examine the
situation in Hungary where the number of infected pa-
tients needing hospitalization and the mortality rates are
not that high compared to those in Italy or Spain.

Methods

A total of 116 patients were admitted to our institute
between 26.02.-22.04.2020. These cases were compared
to those 396 ACS patients who had been treated in 2018
and 2019 in the same period (26.02.-22.04). We chose
the starting date to be 26.02. because that was the first
week when we saw a significant decrease in ACS cases
(Fig. 1).

For the diagnosis of STEMI, a clinical presentation typi-
cal of ongoing myocardial ischaemia, ST-segment eleva-
tion in at least 2 consecutive leads on the 12-lead elec-
trocardiogram (ECG), and subsequent confirmation by
elevation of necrosis markers was required. The diagnosis
of NSTEMI and the differentiation between the NSTEMI
groups was based on the Guideline of the European Soci-
ety of Cardiology on the management of Acute Coronary
Syndromes (ACS) in Patients presenting without persis-
tent ST-segment Elevation.® We sorted NSTEMI patients
into very high risk and high risk infarction groups, being
said that NSTEMI alone is already considered to be high
risk. Those patients were enrolled to the very high risk
group who had NSTEMI and either CX intervention (hav-
ing deep ST-depression in the thoracic leads on ECG) or
heart failure, cardiogenic shock or malignant arrhythmia
due to their infarction.

Demographic and clinical patient data of these con-
secutive patients have been collected from the medical
database of our institution and from the database of the
Hungarian Central Statistical Office. Results are expressed
as mean = standard deviation of mean (SD) and sample
size (n) for each treatment group of normal distribution.
The level of significance was o = 0.05.
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Fig. 1- Weekly distribution of acute coronary syndrome cases before (2018-2019) and during the first

wave of the COVID-19 pandemic (2020).
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Fig. 2 - Dropping number of admissions during the first wave of the COVID-19 pandemic. AMI - acute
myocardial infarction; NSTEMI - non ST-segment elevation myocardial infarction; STEMI - ST-segment el-
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Results

All of our patients have been tested and nobody was
found COVID-19 positive considering an active infection.

We compared the numbers of Ml cases in 2020 to the
mean of 2018's and 2019’s totals.

A 41.4% decrease in ACS cases (116/298) can be noticed
in 2020 compared to 2018-2019. Similar tendency can be
seen examining the two different infarction types sepa-
rately. ST-elevation myocardial infarction (STEMI) cases
reduced by 29% (61/87). The decline in NSTE-ACS patients
is more alarming, it is by 51.4% (54/111). The admission
rates for myocardial infarction during the COVID-19 pan-
demic are presented in Figure 2.

Significant differences could be seen in the propor-
tion of STEMI patients admitted late (17.49%, 18/105 vs
34.48%, 10/29) and in the type of the admission — from
home by AMS (40.66%, 161/396 vs 54.31%, 63/116) or
from another hospital (56.82%, 225/396 vs 41.38%,
48/116). The other parameters and clinical characteristics
of the two patient groups — non-COVID era vs COVID era
— are presented in Table 1.

One of the main differences between the non-COVID
and COVID era is that in 2020 73% of the patients were
sent home directly compared to 38% in 2018 and 2019.

The number of AMI cases dropped dramatically. We
saw a decline in the proportion of the LM interventions
before vs during the pandemic (STEMI: 6.29%, 10/159 vs

Table 1 - Demography and clinical characteristics of patients before versus during COVID-19

Male (%)

Mean age (years)

STEMI (%)

Median STEMI time frame (h)

STEMI patients admitted late >12 h (%)
Admission from home or scene (%)
Referred from another hospital (%)
In-hospital death (%)

STEMI-in hospital death (%)

NSTEMI-in hospital death (%)

Mean inpatient days

Proportion of patients sent home directly from our institute (%)
Heart failure (%)

VF (%)

Reanimation (%)

Non-COVID era COVID era P
69.2% (274/396) 62.07% (72/116) 0.1248
67.6+12.76 68.1+11,6 0.381
43.94% (174/396) 53.45% (62/116) 0.0987
4+14.6 6+27.5 0.0014
17.14% (18/105) 34.48% (10/29) 0.1498
40.66% (161/396) 54.31% (63/116) 0.0323
56.82% (225/396) 41.38% (48/116) 0.0257
6.06% (24/396) 6.03% (7/116) 0.4988
7,47% (13/174) 9,68% (6/62) 0,4351
4,95% (11/222) 1,85% (1/54) 0,3492
3.4+3.4 3.05+1.7 0.1426
37.9% (141/372) 73.39% (80/109) <0.0001
30.75% (119/387) 38.79% (45/116) 0.1642
6.84% (27/395) 9.48% (11/116) 0.3903
10.35% (41/396) 8.62% (10/116) 0.4351

STEMI - ST-segment elevation myocardial infarction; VF - ventricular fibrillation.
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Fig. 3 - Percentage of LM interventions before and during the CO-
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5.26%, 3/57; NSTEMI: 14.36%, 29/202 vs 9.8% 5/51) and
in the number of very high risk NSTEMI patients (28.46%,
113/397 vs 23.28%, 27/116). Our results are shown in Fig-
ures 3 and 4.

According to the results from the Hungarian Central
Statistical Office the out of hospital mortality increased
(0.0641% vs 0.0808%) significantly in Central-Hungary
representing our PCl-centers provider territory.

Discussion

Similar to the numbers seen in Spain, Italy or in the USA®*
we saw a serious decline in admission rates due to myo-
cardial infarction. In these countries one of the main re-
asons for the delay was the overwhelmed healthcare sys-
tem due to the daily raising numbers of new coronavirus
cases.

Compared to the countries mentioned above, in Hun-
gary the virus had a slower spread, the number of the
confirmed cases and the mortality rates lags behind those
in Italy or Spain. In Hungary the first COVID-19 positive

patient was confirmed on 4th and the first patient died
on 15th March. The government declared nationwide
state of emergency on 11th March, restrictions on move-
ment were announced on 27th March. But there was no
action that would have affected the acute cardiac care.
The highest number of new confirmed cases was 150 pa-
tients a day, the mean of the new confirmed cases was
46.25 daily. According to this data we can say that com-
pared to other countries in the region and in Europe, in
Hungary the number of the cases were moderate that
would lean much burden on the healthcare system, pa-
tients with acute life-threatening illnesses can be treated
with no delays as usual protocols recommend.

Our institute is the biggest interventional cardiology
centre in Hungary handling high amount of patients —
about 2000 ACS cases a year —, and caring for almost one
third of Hungary’'s population, ca 3 million citizens. So
our data and results can represent Middle-Hungary or
even the whole country.

Comparing infarction cases before and after COVID-19
era, we detected similar decrease in the numbers such as
in Spain and Italy. It is alarming that 34.48% (10/29) STE-
Ml patients were admitted late, 12 hours or later after
the start of the symptoms in the COVID era, compared
to 17.14% (18/105) in the non-COVID era. The prolonged
timeframe caused higher in hospital mortality (7.47% vs
9.68%). Meanwhile the receptivity of our institution was
constant.

According to the guidelines low risk NSTEMI cases can
be managed medically and only high risk patients need to
be transported to cath-lab. We suggested that during the
pandemic high-risk patients are more likely to be admi-
tted to catheterization. Studying the results of the coro-
nary angiography there was no significant difference be-
tween LM interventions before vs during the COVID era.
We examined whether during the pandemic it is more
likely to treat very high risk NSTEMI patients. However,
we saw a decline in LM interventions and the number of
very high risk patients.

This year most ACS patients were treated the whole
time in the same institute, there were less cases referred
to another hospital or to rehabilitation facilities. Usua-
lly patients are referred to another hospital — not inter-
ventional centre — for further evaluation. Knowing that
COVID-19 infection had higher incidence in hospitals and
healthcare facilities, we kept our patients away from
transferring to another hospital. Despite the fact that
this year most of the post infarction work up was made
in our institute, the mean of the inpatient days did not
differ from the data of the previous years. In the future
we have to evaluate how this year’s less patient educati-
on and less rehabilitation affect the compliance and post
infarction-state.

The data suggests that because of the reasons menti-
oned above high number of Ml patients remained untre-
ated. The increase seen in out-of-hospital mortality may
support this theory. This rises attention to the fact that
in extraordinary times, like a pandemic, proper patient
information is even more important. We saw the decline
in case numbers a week before the first COVID-19 positive
case was confirmed in Hungary which supports that the
mental impact of the pandemic precedes its actual clinical
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effect. Healthcare providers have to highlight those cases
that are urgent and applying the safety protocols they
have to be ready to treat these patients without delay.

Conclusion

The 40% drop of all ACS cases during the COVID-19 pan-
demic came with less high risk patients meaning less LM-
-interventions and less very high risk NSTEMI patients. So
supposedly high number of patients remained untreated
during the pandemic. Mortality rates, in the next few
months, years, more complicated cases, more patients
with heart failure, malignant arrhythmias can be expec-
ted due to their untreated infarction.

The pandemic has a serious secondary effect which will
have an emphasized importance in the future. The ha-
zards of the delayed care due to anxiety and other men-
tal reasons should be stated among healthcare providers
as well as population wise.

Seeing the rising number of cases in the second wave
of the pandemic it is even more important to highlight
this problem. With the epidemiologic precautions all ACS
patients need to be treated according to the guidelines.
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Experimentalni i klinickd pozorovani prokazala, Ze struktura a funkce muzského a Zenského (resp. samc¢iho
a samiciho) srdce se vyznamnym zplsobem lisi, a to jak za fyziologickych, tak patologickych podminek.
Vyznamné pohlavni rozdily v citlivosti srde¢niho svalu k ischemii jsou toho nejlepsim dokladem: dospélé
muzské srdce je ve srovnani s Zenskym (do menopauzy) podstatné citlivéjsi. Zavaznost téchto rozdild po-
tvrzuje fakt, Ze mnoZstvi praci, které se touto problematikou zabyvaji, v poslednich letech strmé stoupa.
Detailni molekularni a buné¢né mechanismy odpovédné za pohlavni rozdily na své objasnéni teprve cekaji;
je vsak ziejmé, ze odlisnosti neni mozno vysvétlit pouze Ucinkem estrogent. V poslednich letech se objevila
nova nadéjna hypotéza, jez naznaduje, ze na pohlavnich rozdilech v odolnosti srde¢niho svalu k nedostatku
kysliku se mohou vyraznym zpGsobem podilet mitochondrie. Jedno je v3ak jisté: pohlavni rozdily jsou tak
z4vazné, Ze by na né mél byt jiz dnes bran zfetel v klinické praxi pfi volbé optimélnich diagnostickych a Ié-
Cebnych postupt.

© 2021, CKS.

ABSTRACT

Experimental and clinical studies have clearly demonstrated significant sex differences in myocardial structu-
re and function under normal and pathological conditions. The best examples are significant sex differences
in cardiac tolerance to ischemia-reperfusion injury: adult male hearts are more susceptible as compared to
pre-menopausal female heart. The importance of these findings is documented by the increasing number
of publications on this topic during the last years. Detailed cellular and molecular mechanisms, responsible
for sex differences are, unfortunately, still not known; it has been stressed that estrogens are not the only
factor involved. Recently, a new hypothesis has been developed, suggesting an important role of cardiac
mitochondria. One is clear already today: sex differences are so important that they should be taken into
consideration in the clinical practice for the selection of the optimal diagnostic and therapeutic strategy.

Uvod

se pritom jen o ischemickou chorobu srdecni (ICHS), ale
pohlavni rozdily existuji i u dalSich poruch kardiovasku-

Je znamo, Ze pohlavi ovliviuje fadu onemocnéni; jak
uvadi ,Committee on understanding the biology of sex
and gender differences”, Zeny jsou ve srovnani s muzi
vice ohrozeny depresemi, osteoporézou, astmatem, ku-
fackym karcinomem plic ¢i autoimunitnimi chorobami.’
Ne vsechna onemocnéni viak vykazuji sexudlni dimorfis-
mus; napf. u infek¢nich chorob pohlavni rozdily pozoro-
vany nebyly. Choroby srdce a cév patfi mezi onemocné-
ni, kde se pohlavni rozdily vyznamné uplatriuji. Nejedna

l[arniho systému, jako jsou hypertenze, arytmie ¢i srdecni
selhani.>®* Muzi jsou obecné vystaveni vétsimu riziku; po
menopauze viak incidence kardiovaskuldrnich chorob
stoupd i u zen a rozdily se vyrovnavaji. Tento fakt svadi
k jednozna¢nému vysvétleni, Ze za vSechno mUzZou estro-
geny. Avsak vysledky rozsdhlych klinickych studii, které
ukazaly, Ze podavani estrogend po menopauze kardio-
vaskularni onemocnéni u Zen dokonce zhorsuje, tento
ndzor znac¢né zpochybnily.*>
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Pohlavni rozdily a ischemicko-reperfuzni poskozeni
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Obr. 1 - Pocet klinickych a experimentalnich praci na téma ,sex and
heart and female heart” za léta 1989-2019. Zdroj: Web of Science.

K nejcastéjsim, a proto i nejvice studovanym chorobdm
kardiovaskularniho systému patfi bezpochyby ICHS. Je za-
jimavé, Ze vyzkum pohlavnich rozdila v incidenci tohoto
onemocnéni zacal teprve koncem 80. let minulého stoleti.
Prvni experimentalni pozorovani ukazujici, Ze srdce samic je
odolnéjsi k nedostatku kysliku nez srdce samcu, jsme pub-
likovali v roce 1984.% V roce 1987 uverejnili Tobin a spol.
prvni klinickou studii upozornujici, ze Zeny se znamkami
ICHS vyZadovaly méné intenzivni Ié¢bu nez muzi.” Dalsi
sdéleni stejného vyzkumného tymu poukéazalo na pro-
blémy spojené s indikaci koronarni chirurgické intervence
u Zen.® Ve stejném roce byla publikovéna i prvni souborna
kniha o ICHS u zen.® Podle udajua Web of Science bylo jes-
té na pocatku devadesatych let minulého stoleti mnozstvi
praci zabyvajicich se pohlavnimi rozdily kardiovaskularni-
ho systému zanedbatelné, v poslednich letech vsak jejich
pocet dramaticky stoupd (obr. 1)."° Co mUlze byt pficinou
rostouciho zdjmu? Zda se, Ze jsou to predevsim dvé sku-
tecnosti: (i) pribyvad dukazd o odlisném chovani muzského
a zenského srdce za fyziologickych a patologickych podmi-
nek a (ii) rozporuplné zprdvy o prospésnosti ¢i skodlivosti
hormonalni substitucni terapie u Zen po menopauze.

Mechanismus vzniku pohlavnich rozdild v odolnos-
ti srde¢niho svalu k nedostate¢nému zasobeni kyslikem
nebyl dosud uspokojivé vysvétlen; rozhodné se nejednd
jen o ucinky estrogenu. Stale ¢ekdme na dlvéryhodné ob-
jasnéni bunécéné a molekularni podstaty tohoto klinicky
vyznamného biologického fenoménu. V této souvislos-
ti je nutno zduraznit, Ze v poslednich letech se objevily
zprdvy, ze dllezitou ulohu ve zvy3ené odolnosti samiciho
myokardu k nedostatku kysliku mohou hrat mitochon-
drie. Pokusme se nyni kratce shrnout dostupné informace
o pohlavnich rozdilech v citlivosti srde¢niho svalu k ische-
mii, se zvlastnim zretelem k experimentalnimu ischemic-
ko-reperfuznimu (I/R) poskozeni a jeho mechanismim,
véetné mozné ulohy mitochondrii.

Pohlavni rozdily v normalnim myokardu

Podivejme se nejprve na pohlavni rozdily, které se tyka-
ji zdravého srdce; ty mohou byt predpokladem rozdild,

jez vznikaji za patologickych podminek.!" Jednim ze za-
kladnich parametrU je jisté velikost srdce.'? Pfed pubertou
se hmotnost srdce u chlapcl a divek nelisi; poté se srdce
zvétSuje vice u muzl a tento rozdil dosahuje v dospélosti
15-30 %. Vyznamny pohlavni rozdil byl nalezen v poctu
srdecnich bunék. Zatimco ontogeneticky vyvoj mezi 20.
a 95. rokem Zivota neovlivni pocet srdecnich bunék v Zen-
ském myokardu, jejich po¢et v muzském srde¢nim svalu
se v pribéhu stejného obdobi dramaticky méni: muzsky
myokard ztraci kazdym rokem 45 miliond myocytu v levé
komore a 19 miliond bunék v komore pravé.” Ztrata bu-
nék je v sam¢im myokardu doprovazena zvétsovanim je-
jich praméru (o 51 % u opicich samcl ve srovnani s 8 %
u samic). Tato rustova odpovéd muze do jisté miry ubytek
poctu srdecnich bunék kompenzovat, avsak se zvétSova-
nim bunék se prodluzuje i vzdalenost mezi kapilarami,
a vytvarfi se tak potencidlni zdroj nedostate¢ného za-
sobeni bunék kyslikem. Prekvapivé je zjisténi, ze vyskyt
programované smrti — apoptdzy — je v srdci a véncitych
cévach zdravych muzl tfikrat vyssi nez u Zen; vék tento
rozdil neovlivnil.™

Lisi se i funkce srdecniho svalu: jiz v roce 1920 poukazal
Bazett na skute¢nost, ze klidova frekvence Zenského srd-
ce je vyssi nez u muzu.' Tento rozdil byl pozdéji potvrzen
velkou populaéni studii a ¢ini 3-5 tepd za minutu.'® Zen-
ské srdce ma ve srovnani s muzskym delsi trvani akéniho
potencialu, delsi interval QT a kratsi sinus node recovery
time."” Pramérny systolicky tlak je u muzd mladsich 60 let
0 6-7 mm Hg a diastolicky o 3-5 mm Hg vy3si nez u Zen.
U Zen po menopauze viak systolicky krevni tlak stoup4,
takZe incidence hypertenze mize byt stejnd, nebo do-
konce vy3si nez u muzd.”® Udaje o pohlavnich rozdilech
v kontraktilité myokardu se lisi a byly neddvno shrnuty
Machukim a spol.” Zatimco Schwertz a spol.?*?" a Ma-
chuki a spol.' pozorovali, Ze samici kardiomyocyty maji
ve srovnani se samcimi delsi kontrakci a vétsi amplitudu
vapnikového proudu, Farrel a spol.22 zddné rozdily nepo-
zorovali. Rozdilné vysledky mohou byt alespori ¢astecné
vysvétlitelné odlisSnym metodickym postupem (napf. ba-
zaIni vs. apikalni myocyty)."

V posledni dobé pribyva praci, které prokazuji bunéc-
né a molekuladrni pohlavni rozdily v normalnim myokar-
du; jejich vycet presahuje moZznosti tohoto prehledu.
K zasadnim patfi jisté pohlavni rozdily v mechanismu
sprazeni excitace a kontrakce,? v odliSném bunécném
metabolismu Ca%*, v tvorbé kyslikovych radikald® (i
v hustoté p-adrenergnich receptort.?* Vyznamnou ulo-
hu v kontrakci myocytd hraji vapnikové kandly L-typu;?
jejich denzita stejné jako intenzita vapnikového proudu
byly vétsi u samic nez u samcu; estrogen reguluje expresi
genl pro vapnikové kanaly L-typu, a tak pfispiva k po-
hlavnim rozdildm v kontraktilnich vlastnostech srde¢niho
svalu.” Bylo rovnéz zjisténo, Ze vadpnikovd homeostdza
se méni v zavislosti na estralnim cyklu;? citlivost myofila-
ment k vdpniku u ovariektomovanych samic laboratorni-
ho potkana vyznamné stoupala. Je zajimavé, Ze vapniko-
va homeostdza je regulovana téz hodnotou testosteronu,
ktery zvysuje uvolriovani Ca?* ze sarkoplazmatického reti-
kula, a tim i koncentraci intracelularniho Ca%+.?” VV samic¢im
myokardu byla zjisténa zvySena exprese sarkolemdlnich
a mitochondriélnich draslikovych kanalGa (K,..); jejich in-
hibice pfi ischemii zvy3uje rozsah tkarového poskozeni.?®
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Obr. 2 - Obnoveni kontrakci izolované pravé komory po 20 min
anoxie u dospélych samcti a samic laboratorniho potkana (vyjad-
fené jako procento hodnot pred anoxii); * p < 0,01. Data: Ostadal
aspol.
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Obr. 3 - Pohlavni rozdily ve velikosti infarktu u laboratorniho pot-
kana. Izolované perfundované srdce; * p < 0,01. Data: Bae and
Zhang.*® AR - ohroZena oblast (area at risk).

A konecné Dworatzek a spol. pozorovali pohlavni rozdily
v kolagennim slozeni myokardu: kolageny typu |, lll a VI
byly vyznamné snizeny v srdcich samic.?® Uvedené pohlav-
ni rozdily, charakteristické pro zdravy myokard, vytvare-
ji logicky predpoklad mozné odlisné citlivosti srde¢niho
svalu na rtizné patogenni podnéty, véetné I/R poskozeni.

Pohlavni rozdily v odolnosti srdce
k ischemicko-reperfuznimu poskozeni

Epidemiologické studie jednoznac¢né prokazaly, Ze u Zen
pfed menopauzou zacina ICHS asi o deset let pozdéji nez
u muzl, vyskyt infarktu myokardu je opozdén dokonce
0 20 let. Po menopauze viak vyskyt tohoto onemocnéni
stoupd u Zen vice nez desetkrat, zatimco u muzd stejné-
ho véku jen 4,5x.3°3! Pfi¢inou jsou zfejmé pohlavni roz-
dily v rozvoji aterosklerotickych zmén v prabéhu vyvoje,
na které upozornil jiz Fejfar v roce 1975;% ¢ini pfiblizné
onéch zminénych deset let; tuto skutecnost potvrzuji
i nizsi hodnoty LDL-cholesterolu (cholesterolu v lipopro-
teinech o nizké hustoté) a vyssi hodnoty HDL-cholesterolu
(cholesterolu v lipoproteinech o vysoké hustoté) u Zen do
menopauzy.>

Experimentalni studie ve své velké vétsiné klinicka po-
zorovani potvrzuji.>*3 Sami jsme zjistili jiz pred vice nez 35
lety, Ze izolovand pravd komora samic laboratornich pot-
kanU je vyznamné odolngjsi k akutnimu nedostatku kys-
liku nez prava komora samci (obr. 2).% Intenzivni vyzkum
této otazky zacal vSak o mnoho let pozdéji. Vyssi odolnost
samiciho srdec¢niho svalu k I/R poskozeni byla opakova-
né prokazana u rdznych druhd laboratornich zvifat?38-42
s vyjimkou psi.#* Samice maji mensi rozsah infarktu myo-
kardu (obr. 3), u samic dochazi k lepsi obnové kontraktil-
ni funkce a k nizsimu vyskytu reperfuznich arytmii. Lepsi
funkéni zotaveni bylo u samic doprovdzeno mensim roz-
sahem ischemického poskozeni, nizsi koncentraci laktat
dehydrogenazy v krvi a nizsi produkci zanétlivych cytoki-
n{.* Rovnéz transgenni samice se zvysenou expresi Na‘/
Ca?* vyméniku a B-adrenergnich receptord mély mensi I/R
poskozeni a zvy$enou kontraktilitu ve srovnani s transgen-
nimi samci.*>%® Sami jsme pozorovali, Ze pohlavni rozdily
v I/R poskozeni existuji i u spontdnné hypertenznich labo-
ratornich potkani: postischemickd obnova kontraktility
byla vyznamné vyssi u hypertenznich samic, a to presto,
ze hladina krevniho tlaku byla u obou pohlavi srovnatel-
na.*” Pohlavni rozdily existuji i u obéznich zvirat: velikost
infarktu byla vyznamné vétsi u samct nez u samic.*® Experi-
mentalni i klinické studie popisuji vyznamné pohlavni roz-
dily i v remodelaci po infarktu myokardu;**° u samct bylo
hojeni pomalejsi s cetnéjSim vyskytem srdecnich ruptur,
zpusobenych zfejmé predcasnou degradaci extracelularni
matrix v disledku aktivace metaloproteindz.®

Vyvoj odolnosti srdecniho svalu k nedostatku kysli-
ku ma charakteristicky ontogeneticky vyvoj: po porodu
se odolnost srdci samcl a samic laboratorniho potkana
nelidi. Od zacatku pohlavni zralosti se odolnost sam¢iho
srdce snizuje, zatimco u samic se neméni; v dospélosti tak
vznika vyznamny pohlavni rozdil (obr. 4).52 Je zajimavé, Ze
odolnost dospélého srde¢niho svalu k ischemii mohou vy-
znamné ovlivnit zasahy v casnych fazich ontogenetického
vyvoje, a to v zavislosti na pohlavi. Z nasi studie vyplyva,
ze perinatdlni hypoxie zvySuje odolnost dospélych samic
k ischemii; naopak dospéli samci byli ischemii podstatné
vice poskozeni nez samci chovani v normoxickych pod-
minkach.'3” Tyto vysledky podporuji hypotézu, Ze perina-
talni hypoxie predstavuje pro srdce primarni programovy
stimulus, ktery muze vést k pohlavné rozdilné citlivosti
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Obr. 4 - Ontogeneticky vyvoj odolnosti srdecniho svalu k nedostat-
ku kysliku u samcti a samic laboratorniho potkana; izolovana prava
komora, obnoveni kontrakci po 20 min anoxie (vyjadieno jako pro-
cento hodnot pied anoxii); * p < 0,01. Data: Ostadal a spol.>



354

Pohlavni rozdily a ischemicko-reperfuzni poskozeni

P

Cévni endotel

Hladka svalovina

Kardiomyocyty

T

Vazodilatace
Migrace bunék

;

Proliferace
Migrace

Ischemicko-reperfuzni
poskozeni
Hypertrofie srdce

Obr. 5 - Schematické znazornéni vlivu estrogenu na srdecni sval. Upraveno dle Menazza a Murphy.®'

dospélého srdce k ischemii. Tato skute¢nost maze byt kli-
nicky zdvazna u pacientd, ktefi v ¢asnych fazich vyvoje
prosli delsi hypoxickou periodou.

V této souvislosti zbyva jesté otdzka, zda vysoka odol-
nost samiciho srdce k hypoxii mize byt zvySena nékte-
rym ze znamych kardioprotektivnich fenoménl. Odpo-
véd viak neni jednoducha: experimentdlni prace, které
se touto problematikou zabyvaly, jsou ojedinélé, a navic
ve svych zavérech nejednotné, klinickd pozorovani jsme
v literatufe nenalezli. Sami jsme prokazali, Ze adaptace
na chronickou hypoxii zvySuje odolnost srdec¢niho svalu
u obou pohlavi; pohlavni rozdil pozorovany u normoxic-
kych zvifat byl viak zachovan.® Udaje o u¢inku ischemic-
kého preconditioningu jsou rozporné: napf. Humphreys
a spol.>3 pozorovali stejny stupen protekce u potkanich
samcU a samic, naproti tomu Wangovi a spol. se zvysit
odolnost samic¢iho myokardu kralikd nepodafrilo.>* A ko-
necné Song a spol. zjistili, Ze ochranny efekt precondi-
tioningu je u samic nizsi nez u samc(;> k podobnym za-
vérim dospéli Crisostomo a spol. v pfipadé ischemického
postconditioningu.®® Nedavno Lieder a spol. pozorovali,
Ze pohlavi neni pro kardioprotektivni efekt pre- a post-
conditioningu rozhodujici.’” Zda se, Ze nejblize vysvétleni
je pozorovani Turcata a spol.: protektivni vliv ischemic-
kého preconditioningu nezjistili u mladych samic, jejichz
odolnost byla jiz primarné relativné vysoka; s poklesem
tolerance k ischemii u starSich jedinci se efekt ische-
mického preconditioningu objevil.’® Zda se, Ze se jedna
o obecné biologicky jev; mira odolnosti ma ziejmé svuj
prah. Podobny efekt jsme totiZz pozorovali u srdci novo-
rozenych potkan(; jejich vysokou odolnost nebylo mozno
déle zvysit ani adaptaci na chronickou hypoxii, ani ische-
mickym preconditioningem; protektivni fenomén se ob-
jevil az s poklesem pfirozené odolnosti v pribéhu dalSich
fazi ontogenetického vyvoje.>® V této souvislosti je nutno
pfipomenout vysledky klinické studie CONDI-2/ERIC PPCI,
ktera neprokazala kardioprotektivni efekt vzdaleného

ischemického preconditioningu u pacientl s akutnim in-
farktem myokardu, a to bez ohledu na pohlavi.®°

Z uvedeného je zfejmé, Ze pohlavi vyznamné ovlivru-
je odolnost srde¢niho svalu k I/R poskozeni. Na objasnéni
patogenetickych mechanism, které se na rozdilech podi-
leji, vSak dosud cekdme. Pokusme se v kratkosti shrnout
existujici hypotézy.

Uloha hormonti pfi vzniku pohlavnich rozdili
v citlivosti srdecniho svalu k ischemicko-
-reperfuznimu poskozeni

Nejcastéji zmifiovanou pfi¢inou vzniku rozdild jsou po-
hlavni hormony, predevsim estrogen. | kdyz jeho podil
zdaleka neni tak jednoznacny, jak se predpokladalo, ne-
Ize Fici, Ze by nemél na kardiovaskularni systém zadny vliv.
Jeho koncentrace se méni v pribéhu ovaridlniho cyklu,
v téhotenstvi, pfi hormonalni antikoncepci; ovliviiuje mj.
funkci cév, zanétlivou odpovéd, citlivost myocytu k inzuli-
nu ¢i stupen rozvoje hypertrofie srde¢niho svalu (obr. 5).5'
Je proto logické, Ze experimentalni studie se soustredily
na vysvétleni Ulohy estrogenu v odolnosti srdecniho svalu
k nedostatku kysliku. Je pfitom nutno miti na zreteli, Ze
kardioprotektivni ucinky estrogenu, jez byly pozorovany
v experimentdlnich studiich, se liSi od shora zminénych
negativnich vlivd hormonalni terapie u Zen.

Bylo jasné prokazano, Ze ovariektomie u samic labora-
torniho potkana zvétsuje velikost infarktu; naopak po-
dani estrogend ma protektivni vliv na samc¢i srdecni sval.*
Vétsina protektivnich ucinkl estrogent je pfipisovana je-
jich vazbé na estrogenové receptory a a B, které byly pro-
kadzany v samicich i v samcich srde¢nich burikach, fibro-
blastech i v hladkém svalu cév,5"%? nachazeji se vsak také
v bunécnych membrandach a mitochondriich.® Jejich afini-
ta k vazbé na 17B-estradiol je pfitom u obou pohlavi stej-
na. Experimentalni studie ukazuji, Ze praveé tyto receptory
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Obr. 6 - Dusledky otevieni mitochondridlniho péru prechodné pro-
pustnosti (mitochondrial permeability transition pore, MPTP), vy-
volané ischemicko-reperfuznim (I/R) poskozenim. Dle Halestrapa
a Richardsona.®!

hraji vyznamnou ulohu v protekci proti I/R poskozeni.5
BohuzZel dosud neni jednotny nazor na to, ktery z obou
receptord je za vyssi odolnost samic¢iho srdce odpovéd-
ny. Existuje viak jesté tfeti membranovy estrogenovy re-
ceptor, oznacovany jako estrogenovy receptor spfazeny
s G-proteinem (GPER);** bylo zjisténo, Ze inhibuje otevi-
rani mitochondrialniho péru na vnitfni mitochondridlni
membrané, ktery se podili na rozvoji ischemického po-
Skozeni.®® Vazba estrogenl na receptory vede k ovlivnéni
genové exprese fady funkénich a strukturalnich bilkovin
(tzv. genomic effect). Kromé genomického efektu existuji
vsak také tzv. non-genomic efekty estrogenu; projevu-
ji se rychle a jsou nezdvislé na syntéze bilkovin.®” Jeden
z mnoha faktord, které mohou ovlivnit odpovéd samici-
ho myokardu, je oxid dusnaty; jeho koncentrace je vyssi
v sami¢im nez v sam¢im myokardu. Blokdda NO syntazy
(eNOS) pomoci L-NAME pohlavni rozdily v citlivosti k I/R
poskozeni rusi. Je tfeba dodat, Ze vyssi koncentrace eNOS
je spojena téz s S-nitrosylaci vapnikovych kanald L-typu,
coz vyznamné snizuje I/R poskozeni u samic poklesem
vapnikového pretiZzeni buriky.%® To vsak ziejmé nejsou je-
diné mechanismy, které se v protekci samic¢iho myokardu
uplatnuji. Svou roli zde, zda se, hraji napf. vyssi koncen-
trace sarkolemalnich a mitochondrialnich K., kanald,®
vyssi aktivita serin/threonin protein kinazy (Akt) a protein
kinazy Ce?7° ¢i inhibice prozanétlivého tumor nekrotizu-
jiciho faktoru o (TNFa) v ischemickém myokardu; dochazi
ke zlep3eni obnovy kontraktilni funkce a k redukci apo-
ptdzy a nekrdzy. Pfi viech téchto uvahach musime mit na

paméti vyznamné pohlavni rozdily v buné¢ném metaboli-
smu vapniku, jak jsme o nich hovofili vyse.

Pfevazna vétsina experimentalnich praci si viak z po-
hlavnich hormonl vybrala pouze jeden - estrogen. Je
pfitom jasné, ze kardiovaskuldrni systém ovliviiuje nej-
méné jeden dalsi silny hra¢, androgenni hormony. Jak es-
trogenni, tak androgenni hormony jsou pfitomny u obou
pohlavi, i kdyz v rGznych koncentracich a pomérech.
Testosteron aktivuje androgenové receptory, které jsou
exprimovany v myocytech; zvySuje koncentraci homocys-
teinu a endotelinu-1 a stimulaci tyroxin hydrolazy zvysuje
syntézu katecholaminl. Nazory na vliv testosteronu na
kardiovaskularni funkce se rGzni. Bylo zjisténo, Ze testo-
steron muze zvysit citlivost k ICHS u muzd,”" vyssi davky
androgennich steroidd zvySovaly rozvoj aterom(.”? Avsak
neexistuje zadny experimentalni dikaz, Zze by fyziologic-
kd koncentrace testosteronu zvySovala riziko ischemické-
ho poskozeni myokardu. Naproti tomu jiné klinické prace
ukazuji, Ze testosteron mize mit na srdecni sval pozitivni
vliv.”? Tento efekt je zfejmé zplsoben nepfimo pfeménou
na dihydrotestosteron nebo 17p-estradiol. Bylo napf. zjis-
téno, Ze podani testosteronu ovariektomizovanym sami-
c¢im zmensilo rozsah ischemického poskozeni.”* Neddvno
Ghimire a spol. ukazali, Ze nizké davky testosteronu maji
protektivni vliv proti I/R poskozeni.”® Tyto sporné vysledky
jsou zfejmé dany pouzitim rdznych experimentdlnich mo-
dell, davkovanim a ¢asovym nastavenim. Je vSak nutno
pfipomenout, Zze funkce steroidnich hormonU je obecné
ovlivihovana fadou regulacnich proteint, které ovliviuji
jejich transkripci; tuto skutecnost je tfeba vzit v ivahu pfi
interpretaci a zvaZzovani vyznamnosti uvedenych dat.”®

Mozna uloha mitochondrii

Jak vidét, mnozstvi rdznych hypotéz, jez se pokouseji vy-
svétlit pri¢iny pohlavnich rozdild v odolnosti srde¢niho
svalu k nedostatku kysliku, pfibyvd. V poslednich letech
se vak objevil novy nadéjny ndzor, jenz naznaduje, Ze
na pohlavnich rozdilech v odolnosti srde¢niho svalu k ne-
dostatku kysliku se mohou vyraznym zpuasobem podilet

Rozsah Maximalni rychlost
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Obr. 7 - Pohlavni rozdily v bobtnani mitochondrii, vyvolaném vys-
simi koncentracemi vapniku. Rozsah bobtnani vypocitany jako po-
kles absorbance pfi 520 nm po pfidani 200 pM CaCl,; maximalni
rychlost bobtnani vypocitana derivaci kfivek rozsahu bobtnani.
* p < 0,01. Data: Milerové a spol.®
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mitochondrie. Sexudlni dimorfismus mitochondrii byl po-
psan v fadé organu, jako jsou jatra, srdce, mozek a tuko-
va tkan. Kardiomyocyty samiciho srdce maji nizsi pocet
mitochondrii, ale jsou daleko efektivnéjsi: lépe utilizuji
tuky a maji vétsi oxida¢ni kapacitu nez mitochondrie sam-
¢i.”” Podle Murphyové a Steenbergena hraji mitochondrie
klicovou roli v kardioprotektivni signaliza¢ni kaskadé.”
A skutec¢né, Lagranha a spol. pozorovali, Ze u samic je
kardioprotekce doprovdzena zménou mitochondrialnich
proteind; mitochondrie izolované ze samiciho srdce vy-
kazuji fadu posttransla¢nich modifikaci enzym, které se
podileji na regulaci tvorby kyslikovych radikald; samice
proto maji snizenou tvorbu kyslikovych radikala pfi re-
oxygenaci.* Pohlavni rozdily byly pozorovany rovnéz
v hospodareni s mitochondridlnim Ca?*. Samic¢i mitochon-
drie maji nizsi rychlost vychytavani Ca?* a |épe obnovuji
mitochondridlni membranovy potencidl po depolarizaci,
jez byla vyvolana vapnikem.” Daleko ucinnéji se vypora-
ddvaji s vysokou koncentraci externiho Ca?: snizuji rych-
lost jeho vtoku pomoci vdpnikového nosice.® Vsechny
tyto skutecnosti ukazuji, Ze mitochondrie samiciho srdce
jsou odolnéjsi k pretizeni Ca* v prlbéhu I/R poskozeni;
to muUze byt jeden z moznych mechanismud vzniku vétsi
odolnosti samiciho srdce.

Je zndmo vice nez 60 let, Ze vysoka koncentrace Ca%,
jez provazi oxidacni stres, zvySuje propustnost vnitfni mi-
tochondridlni membrany, oznacované jako , permeability
transition”. Otevieni mitochondridlniho péru prechodné
propustnosti (mitochondrial permeability transition pore,
MPTP) vede k depolarizaci mitochondrialni membrany,
ke snizeni oxida¢niho metabolismu, k zastaveni synté-
zy adenosintrifosfatu (ATP), ke zvySeni oxidacniho stre-
su, k uvolfovani védpniku a k bobtnani mitochondrialni
matrix (obr. 6).8' Bylo opakované prokazano, Ze porucha
mitochondridlni funkce a zvlasté otevieni poru hraji vy-
znamnou roli pfi vzniku I/R poskozeni.t? Blokdda MPTP
cyklosporinem méla ochranny efekt jak v experimentu,®
tak u malé skupiny pacientd s ICHS;8 velkd multicentric-
ka studie CIRCUS vsak kardioprotektivni vliv cyklosporinu
A neprokazala.®® DlGvodem muze byt rada faktord, jako
napf. zavaznost infarktu, zplsob podani, pomérné uzké
okno protektivniho plsobeni, pfitomnost komorbidit i
extramitochondridlni ucinky cyklosporinu A. Zajimavé je
v této souvislosti pozorovani Morkuniene a spol.?® a Pa-
von a spol.,*” ktefi prokdzali, Ze otevieni shora zminéného
MPTP pfi reperfuzi mlze byt zablokovano fyziologickou
koncentraci estrogenu, podobné jako klasickym inhibito-
rem cyklosporinem.

V nasich pracich jsme testovali hypotézu, zda je uloha
MPTP v patogenezi I/R poskozeni srde¢niho svalu zdvis-
& na pohlavi.?*88 Zjistili jsme, Ze srde¢ni mitochondrie
samic jsou vyznamné odolnéjsi k bobtnani, vyvolanému
vyssi koncentraci Ca?*, coz svédci pro jejich vétsi odolnost
k otevieni MPTP (obr.7). Vzhledem k tomu, ze otevieni
poru na vnitini mitochondridlni membrané je uzce spoje-
no se vznikem I/R poskozeni, je vy$si odolnost této struk-
tury k Ca?* jednim z moznych vysvétleni vy3si tolerance
samiciho srdce. V této souvislosti se nabizi otazka, zda
je za tyto pohlavni rozdily odpovédné bilkovinné sloze-
ni MPTP. Nase pokusy ukdzaly, Ze v oxidaci substratd ani
v tvorbé ATP pohlavni rozdil neni, coz svédci pro srov-
natelny obsah enzymu respira¢niho fetézce. Toto pozo-

rovani bylo potvrzeno kvantitativni imunodetekci: samici
a sam¢i mitochondrie obsahuji srovnatelné mnozstvi ATP
syntazy, proteinového komplexu, odpovédného za funk-
ci MPTP, stejné jako regula¢niho proteinu cyklofilinu D.
Je zajimavé, Ze podobné vysledky jsme pozorovali v nasi
predchozi studii, ve které jsme srovnavali ulohu mito-
chondrialniho péru u vysoce hypoxicky odolnych neona-
talnich a dospélych srdci laboratorniho potkana.®® Zda se
tedy, ze za rozdily v odolnosti srde¢niho svalu k nedostat-
ku kysliku neni odpovédné bilkovinné slozeni MPTP, ale
svou roli zde hraji spiSe rozdily v regulaci jeho funkce.
Lze se domnivat, Ze jde predevsim o interakce vapniku
s cyklofilinem D a otevienim poéru, zvlasté pak s moznou
regulaci cyklofilinu D posttransla¢nimi modifikacemi.’
Cyklofilin D tak z(stavé atraktivnim cilem pro experimen-
talnii klinické studie, které se zabyvaji hleddnim moznych
blokatord MPTP jako cesty ke zmenseni I/R poskozeni sr-
decniho svalu.® Lze tedy fici, Ze mitochondrie, organely
odpovédné za hospodareni bunky kyslikem a produkci
energie v podobé ATP, jsou vyznamné zapojeny do regu-
lace odolnosti srde¢niho svalu k ischemii.

Zaveér

Experimentalni i klinickd pozorovani jednoznac¢né proka-
zuji, Zze muzské a Zenské (resp. samci a samici) srdce se
v fadé parametr vyznamnym zplsobem lisi, a to jak za
fyziologickych, tak patologickych podminek; vyznamné
pohlavni rozdily v citlivosti srde¢niho svalu k ischemii jsou
toho nejlepsSim dokladem. Zavaznost téchto rozdill po-
tvrzuje fakt, Ze mnozstvi praci, které se touto problema-
tikou zabyvaji, v poslednich letech strmé stoupa. Detailni
molekularni a bunééné mechanismy, za pohlavni rozdily
odpovédné, na své objasnéni teprve cekaji; je vSak zfejmé,
Ze odlisSnosti neni mozno vysvétlit pouze ucinkem estroge-
nl. V poslednich letech se objevila nova nadéjna hypoté-
za, jez naznacuje, Zze na pohlavnich rozdilech v odolnosti
srde¢niho svalu k nedostatku kysliku se mohou vyraznym
zpusobem podilet mitochondrie, predevsim funkce jejich
poru na vnitfni mitochondridlni membrané. Jedno je vsak
jisté: pohlavni rozdily jsou tak zavazné, Ze by na né mél jiz
dnes byt bran zfetel v klinické praxi pfi volbé optimalnich
diagnostickych a lé¢ebnych postup.
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Koronavirové onemocnéni 2019 (COVID-19) se rychle rozsifilo po celém svété a vyvolalo globalni krizi zdra-
votnickych systémd. Toto onemocnéni dnes predstavuje jednu z nejzavaznéjsich pandemii v historii lidstva;
pfitom postihuje fadu orgdnu vcetné celého kardiovaskularniho systému. U pacientl s onemocnénim CO-
VID-19 bylo popséno poskozeni myokardu, myokarditida, akutni infarkt myokardu, dysrytmie a srdecni se-
Ihani. V soucasné dobé neni k dispozici Zadné specifické antivirotikum pro l1é¢bu onemocnéni COVID-19;
zatim se pouzivaji nékterd léciva jako interferon, remdesivir, ribavirin, favipiravir a tocilizumab. Tyto latky
pouzivané pfi lé¢bé onemocnéni COVID-19 mohou mit nezadouci Gcinky na kardiovaskuldrni systém, pfipad-
né mohou interagovat s jinymi farmaky urc¢enymi k 1écbé kardiovaskularnich onemocnéni. Nejzavaznéjsimi
nezadoucimi Ucinky téchto farmak jsou prodlouzeni intervalu QT a torsade de pointes (TdP), které mohou
vést k ndhlému umrti. V tomto ¢lanku popisujeme nezédouci Ucinky riiznych farmak na kardiovaskularni
systém i mozné interakce mezi latkami pouzivanymi pfi lé¢bé onemocnéni COVID-19 a farmaky uplatriujicimi
se v kardiologii.

© 2021, CKS.

ABSTRACT

Coronavirus disease 2019 (COVID-19) pandemic has spread rapidly across the world and is introduced as a
global health crisis. COVID-19 is one of the threatening pandemics in history involving many organs, includ-
ing the cardiovascular system. The cardiovascular involvements, such as myocardial injury, myocarditis, acu-
te myocardial infarction, dysrhythmias, and heart failure, have been reported in the COVID-19 patients.
Currently, there is no specific antiviral treatment for COVID-19; though, some therapies such as interferon,
remdesivir, ribavirin, favipiravir, and tocilizumab are being used. The medications used to treat COVID-19
may have cardiovascular adverse events or interact with some cardiovascular drugs. The most concerning
conditions caused by these medications are QTc prolongation and torsades de pointes (TdP), which might
cause abrupt death. Here, we describe cardiac adverse effects and potential interactions of COVID-19 medi-
cations with cardiovascular agents.
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Introduction

Coronavirus disease 2019 (COVID-19) pandemic is known
to have originated from Wuhan, China, in late 2019."3
This viral infection was officially named severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). By
August 31, 2020 there have been 21 026 758 confirmed
cases of COVID-19, including 755 786 deaths, reported to
the World Health Organization (WHQ).* The pandemic is
spreading quickly in the world. COVID-19 is one of the
most threatening pandemics in history involving several
organs, including the cardiovascular system, which leads
to more severe disease, intensive care unit (ICU) admis-
sion, and mortality.>

Cardiovascular involvement may occur through various
mechanisms and include respiratory failure, hypoxemia
due to progressive cardiac load, direct myocarditis or car-
diomyopathy, indirect effects of the systemic inflamma-
tory response, and drug interaction.®

The important concerns about the association between
cardiac complications during COVID-19 therapy are hospi-
tal severe cases with increased death. Furthermore, these
patients are usually taking cardiac medications for their
underlying cardiovascular disorder.

A medication used to treat COVID-19 may interact with
some cardiovascular drugs such as antihypertensive or an-
tiarrhythmic agents, anticoagulant or antiplatelet drugs,
and statins.” Although, these adverse reactions occur fre-
quently with long-term use. The most concerning and sig-
nificant conditions caused by these medications are QTc
prolongation and torsades de pointes (TdP), which might
lead to sudden death.® Here, we review cardiac adverse
effects and potential interactions of COVID-19 medica-
tions with cardiovascular agents.

Medication interactions

Hydroxychloroquine and chloroquine

Chloroquine (CQ) and hydroxychloroquine (HCQ) were
one of the first drugs proposed as a treatment for CO-
VID-19, which belongs to the antimalarial class.® HCQ/CQ
has been widely administered to patients with COVID-19.
This agent functions through changes in endosomal/orga-
nelle pH. However, it is potentially harmful to the heart
and causes cardiotoxicity through different mechanisms
such as impairing electrolyte balances, especially potassi-
um channel blocking, prolongation of the QT interval, or
drug-drug interactions.’

Risk factors for the development of HCQ-induced
cardiotoxicity include long-term use (greater than 3
months), higher doses, underlying heart disease, and
renal failure.' It may interact with antiarrhythmic medi-
cations such as beta-blockers (metoprolol, carvedilol,
propranolol, and labetalol), and digoxin.' In the case
of co-administration, it suggests reducing beta-blockers
and digoxin doses, while monitoring electrocardiogram
(ECQ).

They can lead to direct myocardial toxicity, cause re-
strictive or dilated cardiomyopathy, worsen the pre-ex-
isting cardiomyopathy, and cause dysrhythmias through
inducing hypokalemia.

They might influence the cardiac system and result in
different arrhythmias such as QTc prolongation, ST and
T wave depression, U-wave, bundle branch block, atrio-
ventricular (AV) block, TdP, sick sinus syndrome, and si-
no-atrial node arrest.’® Atrial fibrillation and ventricular
tachycardia are the most prevalent ones in the settings of
HCQ/CQ use, alone or in combination with a macrolide.'

Less common cardiac complications are left ventricu-
lar hypertrophy or hypokinesis, heart failure, valvular
involvement, and pulmonary arterial hypertension. On
rare occasions, irreversible cardiac damage such as death,
need for a pacemaker, and heart transplantation has
been reported.” CQ/HCQ-related cardiac toxicity can be
sub-grouped into these categories:'® (1) sudden deaths;
(2) cardiac arrests; (3) ventricular arrhythmias (i.e. TdP
and syncope); (4) conduction disorders (with or without
QTc prolongation); (5) isolated prolonged QTc.

TdP, an uncommon polymorphic ventricular tachycar-
dia may be induced by CQ/HCQ.® It is important to note
these arrhythmias develop more commonly in individuals
with preexisting QT prolongation, higher doses, and also
in combination therapy with QT-prolonging agents such
as macrolides.'®

The dose of HCQ required to cause cardiotoxicity in
each person may differ markedly from each other. Also,
the cardiotoxicity of HCQ is more likely to appear with cu-
mulative doses. Therefore, it is recommended to optimize
the HCQ dosage based on pharmacokinetic (PK) charac-
teristics in patients."

It is important to note, the complete atrioventricular
block is more common with CQ; whereas, left ventricular
hypokinesis is much more related to HCQ.?° Furthermore,
injection reactions with CQ are much more common than
HCQ. Generally, HCQ/CQ is banned in individuals with
congenital long QT syndrome or those with a prior histo-
ry of TdP.2' However, one study demonstrated that HCQ/
CQ may decrease the risk of cardiovascular complications
in rheumatologic patients, possibly due to atherosclerosis
reduction.?

Protease inhibitors
Protease inhibitors including lopinavir/ritonavir (LPV/r)
and atazanavir (ATV) were another group of medicati-
ons proposed as a treatment during the COVID-19 pan-
demic.? LPV/r was more commonly used compared with
ATV. However, it had multiple adverse effects including
cardiac complications and drug-drug interactions.
Arrhythmias reported to be triggered by LPV/r in-
clude various cardiac conduction abnormalities such as
bradycardia-tachycardia syndrome, QTc prolongation, AV
blocks,and TdP.?* Also, LPV/r tends to raise serum choles-
terol levels and predisposes to atherosclerosis.?® Further-
more, LPV/r may cause serious drug interactions with an-
ticoagulants, antiplatelet, antiarrhythmic, and statins.?®
Interactions with apixaban, edoxaban, rivaroxaban, and
warfarin among commonly used anticoagulants seem to
be more significant. In these situations, apixaban should
be taken with a half dose and should not be received
more than 2.5 mg twice daily. Monitoring international
normalized ratio (INR) in warfarin co-administration is
necessary.?”’ Rivaroxaban and edoxaban are contraindi-
cated in the case of LPV/r use.”® Other medications may
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interact with LPV/r are antiplatelet agents such as clopi-
dogrel and ticagrelor, while prasugrel can be an appro-
priate alternative.?6?°

Also, interaction with statins such as atorvastatin, ro-
suvastatin, lovastatin, and simvastatin has been report-
ed.?® In this situation, gradually increasing the dose of
rosuvastatin and atorvastatin is reasonable, whereas lo-
vastatin and simvastatin should not be co-administered.
Switching to pitavastatin or pravastatin can be another
option while LPV/r is necessary.’ Another consideration
is the potential drug reactions between LPV/r and anti-
arrhythmic agents such as digoxin and ranolazine.?? In
these situations, the digoxin dose must be decreased
and its level should be monitored, whereas ranolazine
should not be co-administered. The ATV has been uti-
lized in some patients, due to the vast range of adverse
reactions induced by LPV/r and because of ATV has less
interaction with other co-administered medications
compared with LPV/r.

Studies have shown that ATV similar to LPV/r can affect
QTc interval.®® However, the ATV is the only protease in-
hibitor that does not cause dyslipidemia. Some dysrhy-
thmias reported in the settings of ATV include AV block,
bradycardia, and TdP.3* Dysrhythmias can lead to sudden
cardiac death, particularly in patients with underlying he-
art disease.

Ribavirin

Ribavirin inhibits viral protein synthesis as a result of the
inhibition of RNA and DNA replication.® It was used in
severe cases of COVID-19. No significant cardiovascular
adverse events have been reported for this agent, except
severe hemolytic anemia which may lead to high cardiac
output heart failure.* It can interact with anticoagulants
such as warfarin through an unknown mechanism of ac-
tion.¥

Favipiravir

It has recently tested the efficacy of favipiravir for trea-
ting COVID-19 and found clear treatment benefit. Favi-
piravir exerts an antiviral effect through the inhibition of
RNA-dependent RNA polymerases; however, it can lead
to QT interval prolongation.?® Also, it can interfere with
anticoagulant, antiarrhythmic, and statin therapy.*®

Remdesivir

Remdesivir is a nucleotide analog inhibitor of RNA-de-
pendent RNA polymerases from SARS-CoV-2 with high
potency. Some adverse effects of remdesivir such as hy-
potension, various dysrhythmias, atrial fibrillation, deep-
-vein thrombosis, septic shock, and cardiac arrest have
been reported.®* However, cardiovascular drug interac-
tions have not yet been reported.*

Interferon

Interferons proved effective in the current pandemic. Ho-
wever, interferon may induce myocardial toxicity throu-
gh worsening the pre-existing cardiomyopathy, hypoten-
sion, ischemic attacks, cardiogenic shock, and pericardial
effusion.® Its interaction with warfarin has been repor-
ted, so monitoring of INR and reduction in warfarin dose
may be needed.¥

Glucocorticoids

Glucocorticoids such as dexamethasone and methylpred-
nisolone are very effective in reversing adverse pulmo-
nary immunologic reactions of COVID-19, which lead to
a reduction in COVID-19 mortality.** However, adverse
events of glucocorticoids such as fluid overload, hyper-
tension, and electrolyte disarrangements have been re-
ported and their interaction with anticoagulant agents
such as warfarin is a point of care.*

Monoclonal antibodies

Monoclonal antibodies such as tocilizumab and sari-
lumab are interleukin-6 (IL-6) inhibitor used for the
treatment of rheumatologic disorders, which are used
for suppressing cytokine storm in COVID-19 infection.*®
Fortunately, these agents are not arrhythmogenic and
have no risk of precipitating factors leading to heart
failure decompensation. Although, shortening of the
QT interval hypercholesterolemia , hypertension, and
drug-drug interactions have been reported.” The most
significant interactions are with antiarrhythmics such
as amiodarone, anticoagulants (i.e. apixaban, rivaroxa-
ban, and warfarin), antiplatelets such as ticagrelor and
clopidogrel, statins (i.e. simvastatin, atorvastatin, and
lovastatin), and beta-blockers (i.e. metoprolol, carvedi-
lol, propranolol, and labetalol).*® Also, no dose adjus-
tment is needed and merely monitoring of INR and ECG
seems to be sufficient.

Other medications su?gested theoretically
or proved to be beneficial in the COVID-19
treatment

Anakinra and pirfenidone
No cardiac adverse events have yet been reported.

Bevacizumab

It may cause cardiomyopathy or exacerbates the pre-exis-
ting one. Also, severe hypertension and thromboembolic
accidents have been reported.®

Eculizumab
Tachyarrhythmias, hypertension or hypotension, and pe-
ripheral edema have been reported along with the use of
eculizumab.®®

Fingolimod

Hypertension, AV blocks, bradyarrhythmias, and QTc
prolongation have been reported. Fingolimod is contra-
indicated after myocardial infarction, angina pectoris,
and cerebrovascular events.> Furthermore, it may inter-
act with medications such as beta- blockers, and calcium
channel blockers, and class la and class Il antiarrhythmic
drugs.>?

Colchicine

Despite, no cardiac side effects have been seen but col-
chicine may interact with non-DHP calcium channel bloc-
kers such as verapamil and diltiazem, and statins (i.e.
simvastatin, atorvastatin, fluvastatin, lovastatin, and
pravastatin).>?
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Convalescent plasma

There is no evidence of direct cardiovascular adverse
events, except potential transfusion-related complications
such as circulatory overload.*

Antimicrobials

Antimicrobials carry the risk of following cardiotoxici-
ties:>>% (1) piperacillin-tazobactam has been shown to
induce TdP; (2) fluoroquinolones such as levofloxacin
may potentially prolong the QT interval and caution
should be taken with co-administering them with class
I and class Ill antiarrhythmic drugs and in electrolyte
imbalances; (3) vancomycin has not been reported to
induce any cardiac adverse events, except the vascular
collapse; (4) azithromycin also has been implicated in
QTc prolongation and proarrhythmic events, particular-
ly with CQ/HCQ. It can interact with anticoagulants, an-
tiarrhythmics, other QT prolonging agents, and statins.
Previously, it had been shown that a combination of CQ/
HCQ with a macrolide might pose challenges for car-
diovascular safety.®® In the current pandemic COVID-19,
because of the antimicrobial, immunomodulatory and
anti-inflammatory effects of azithromycin, and their sy-
nergistic effects in eliminating virus replication, combi-
nation therapy with CQ/HCQ has been quite prevalent.®
Some authorities believe that the combined treatment
not only has not proven efficacy but also poses harm
and toxicity for high-risk patients. Factors that predis-
pose to these adverse events include coronary artery
disease, heart failure, previous cardiac arrhythmias,
and chronic obstructive pulmonary disease. Therefore,
in high-risk populations, we should take precautions
in administering the mentioned combination therapy.
The combination of azithromycin and HCQ can cause
arrhythmias due to metabolic changes including hypo-
magnesemia, hypocalcemia, and hypokalemia, or acute
renal failure.52®3 In other words, this combination may
have additive effects on QT prolongation.®* It has been
shown that minocycline can be a good alternative to
azithromycin. It is believed that minocycline may pre-
vent QT prolongation.

Conclusion

We should pay attention to the point that patients in the
convalescent phase of COVID-19 might be so debilitated
and reluctant to take their routine cardiac medication
such as beta-blockers and antiplatelet, which may pose a
significant risk of their underlying cardiac condition de-
compensation, or induce newly occurring coronary artery
disease. It is important to note, in terms of cardiotoxicity
with patients receiving antiviral agents, we cannot attri-
bute the events to drugs adverse effects or interactions,
since COVID-19-induced cardiomyopathy or myocarditis
might be responsible for the condition.
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Peripartalni kardiomyopatie (PPCM) je vzacna, ale potencialné Zivot ohroZujici forma kardiomyopatie. Pro-
jevuje se srdecnim selhanim u zen bez predchozi kardialni anamnézy v ¢asové navaznosti na obdobi kolem
porodu, u kterych nelze tento stav vysvétlit jinou pricinou. Incidence PPCM vykazuje velké geografické roz-
dily, patrné kvali rozdilim v socioekonomickych a genetickych faktorech. Jde o velmi vzacné onemocnéni,
v jehoz etiologii, patofyziologii i 1é¢bé existuje stale mnoho neznamych.
Podle soucasnych predstav jsou podkladem patofyziologie peripartalni kardiomyopatie genetické predis-
pozice a dale patologické procesy asociované s téhotenstvim — napfiklad preeklampsie, nadmérny oxidacni
stres a hypersekrece prolaktinu. | kdyz je Iécba tohoto onemocnéni zatim vzdalena kauzalnim postupim,
PPCM mad v podminkdch vyspélych zdravotnickych systém relativné priznivou prognoézu.

© 2021, CKS.

ABSTRACT

Peripartum cardiomyopathy is a rare, but potentially life-threatening idiopathic form of cardiomyopathy
characterized by manifestation of heart failure within the last month before or 5 months after the labour in
previously healthy women when no other cause of heart failure is identified. The incidence of PPCM greatly
varies geographically, most likely because of socioeconomic and genetic factors. The etiology, pathophysio-
logy, and treatment of this rare disease are still quite poorly understood.

PPCM reflects genetic predisposition and/or can be triggered by pathologic processes associated with preg-
nancy, such as preeclampsia, oxidative stress, and prolactin hypersecretion. Despite the fact that no causal
treatment is yet known, females with PPCM in well developed countries have a relatively good prognosis.

Uvod

nedéli. V roce 1937 diagnostikovali Gouley a spol. znam-
ky zadvazného srdecniho selhani u sedmi Zzen v poslednim

Peripartdlni kardiomyopatie (PPCM) je definovadna jako
neischemickd systolickd dysfunkce levé komory srdecni,
kterd se manifestuje ke konci gravidity nebo v ¢asném
postpartdlnim obdobi bez jiné zjistitelné pficiny srde¢niho
selhani.’ | pfes intenzivni vyzkum v poslednich desetiletich
neni etiologie PPCM plIné objasnéna a chybi kauzalni 1é¢-
ba onemocnéni. Cilem tohoto sdéleni je poskytnout pre-
hled nejnovéjsich informaci k epidemologii, patofyziologii
a klinickym aspekttm PPCM.

Historie

PPCM byla poprvé popsdna Virchovem v roce 1880, ktery
si v§iml mozné asociace srde¢niho selhani a obdobi Sesti-

mésici pfed porodem a o rok pozdéji popsali Hull a spol.
osmdesat pacientek s podobnymi projevy onemocnéni.
V roce 1971 Demakis a spol. poprvé pouzili termin peripar-
talni kardiomyopatie.? V 90. letech byl nalezen konsenzus
ohledné diagnézy PPCM: 1) rozvoj srde¢niho selhani v po-
slednim mésici téhotenstvi nebo do péti mésici po poro-
du; 2) absence jiné pficiny srde¢niho selhani. Jedna se tedy
o diagnézu per exclusionem.®* Pozdéjsi prace Elkayama
a spol. ukazala ve skupiné 123 pacientek s dilata¢ni kar-
diomyopatii (DKMP) manifestovanou v téhotenstvi a po
porodu, Ze v 19 % se onemocnéni manifestovalo v 17.-36.
tydnu gravidity a mélo stejny klinicky obraz a prognézu
jako klasickd PPCM.*

V soucasné dobé je PPCM chapdna jako idiopaticka
forma kardiomyopatie vedouci k manifestnimu srdecni-
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mu selhani v dlsledku systolické dysfunkce levé komory
(ejekeni frakce levé komory [EF LK] < 45 %), ktera maze
nebo nemusi byt dilatovana. Casové je vazana na posled-
ni mésice pred porodem a Sest mésicl po porodu. Jednd
se o diagnézu per exclusionem.’

Epidemiologicka data a rizikové faktory

Ackoli ma PPCM pochopitelné celosvétové rozsiteni, nej-
vic epidemiologickych dat pochazi ze Spojenych statu
americkych, Jihoafrické republiky, Nigérie a Haiti. Udava-
na incidence PPCM se v jednotlivych studiich lisi (od uda-
vanych 1: 100 v Nigérii po 1:20 000 v Japonsku), jde navic
jisté o poddiagnostikované onemocnéni. Studie z registru
pacientl v USA udava rostouci incidenci PPCM pfi porov-
nani dat z roku 2004 a 2011z 1:1 181 na 1 : 849 poro-
du.® Autofi tyto nalezy vysvétlovali zlepsenim diagnostiky
onemocnéni a dédle narustajicim vékem rodicek, castéjsim
vyskytem preeklampsie a vicecetnych téhotenstvi, cozZ jsou
rizikové faktory pro vznik PPCM. Déle se v populaci rodi-
Cek zvysuje celkové kardiovaskularni riziko, predevsim vy-
skyt arteriadlni hypertenze, diabetu a obezity.® Rizikem je
také prislusnost k afroamerickému etniku. Velmi vysoka
incidence PPCM na Haiti a v Nigérii je vysvétlovana prav-
dépodobnou genetickou predispozici a dale nékterymi
vnéjsimi faktory, jako je zvyseny pfijem soli a horké laz-
né pfi tradi¢nich postupech béhem porodu a 3estinedéli
v Nigérii. Vék matky je nezavislym rizikovym faktorem —
Zeny starsi 30 let maji riziko vzniku PPCM 1,7-1,8nasobné
vy$8i nez Zzeny mladsi 30 let.” VySe zminéna preeklampsie,
¢i dokonce eklampsie sdili s PPCM nékteré patofyziolo-
gické mechanismy (viz nize), neni tedy divu, Ze je jeji vy-
skyt asociovan s vy$sim vyskytem PPCM. Metaanalyza 22
studii na pacientkdch s PPCM z roku 2013 vy¢islila pre-
valenci preeklampsie u téchto Zen na 22 %, coz vice nez
Ctyfnasobné prevysuje prevalenci preeklampsie v bézné
populaci.® Podobné ¢islo udava u pacientek s PPCM regis-
tr EURObservational Research Programme, kde se u 411
zafazenych Zen vyskytla preeklampsie v 22,8 %.° Hetero-
genita studii zatim brani jednoznacné rozlisit, zda se aso-
pleti, u kterych se obé klinické jednotky vyskytuji castéji,
a u zen s jinym rasovym ¢i etnickym zdzemim.

Patofyziologie

Drive se pfredpokladalo, Ze je vznik PPCM iniciovan virovou
myokarditidou. Porovnani vysledkd endomyokardidlnich
biopsii pacientek s PPCM s jinymi typy kardiomyopatii ale
ukazalo, Ze u obou skupin byl podobny vyskyt genomua
kardiotropnich virt v endomyokardialni biopsii."® S varia-
bilni frekvenci byly v.endomyokardialni biopsii zachyce-
ny zanétlivé zmeény, jen vyjimecné viak spliiovaly kritéria
pro myokarditidu. Ac¢koli jsou u pacientek s PPCM casto
zvyseny zanétlivé parametry, infekce se nezda byt hlavni
patofyziologickou pfi¢inou.

V soucasné dobé je vieobecné pfijiman model ,dvou
zasahu". Za rozhodujici je povazovana geneticka predis-
pozice v kombinaci s cévnimi zménami a hormonalnimi
efekty v pozdnim téhotenstvi nebo ¢asné postpartum pe-

riodé. Byly pozorovany nékteré rodiny s vysokou incidenci
PPCM. Byla provedena genetickd analyza 43 genu (aso-
ciovanych s dilata¢ni kardiomyopatii) u 172 Zzen s PPCM
a u 15 % z nich byla nalezena pravdépodobné pfic¢inna
varianta, coZ je podobné jako u dilata¢ni kardiomyopa-
tie, kde byla ve stejné studii nalezena pficinna varianta
celkem v 17 %." Nejcastéji byly uvadény trunkujici (ge-
novy produkt zkracujici) mutace v genu pro titin, kde se
v mnoha pfipadech patogenni varianty popsané u DKMP
a PPCM prekryvaly.’? Trunkujici mutace v genu pro titin
v porovnani s mutacemi v ostatnich genech byly asocio-
vany s nizsi EF LK po 12 mésicich od diagndzy."" Davody,
proc¢ se u nékterych zen s témito mutacemi vyvine PPCM
a u nékterych DKMP (obvykle s manifestaci v pozdé&jsim
véku, ale bez spontdnni Upravy EF LK), zlstava neuspo-
kojivé neobjasnéna. Vyskyt trunkujicich mutaci titinu je
u zdravé populace pfitomen ve 3 % pfipadd.'? Zvyseny
vyskyt téchto variant u PPCM tedy svéd¢i pro modifikujici
vliv genotypu na prlibéh onemocnéni, ve vétsiné pfipadu
ale zlstava geneticka predispozice neobjasnéna.

Dalsim moznym vysvétlenim je skutecnost, ze titin
muze v kardiomyocytech existovat ve dvou izoformach -
N2BA a N2B - které se lisi svou tuhosti/poddajnosti. Vétsi
zastoupeni N2BA titinové izoformy vede ke snizeni pasiv-
ni tuhosti vldken myokardu a bylo jiz dfive popsano u pa-
cientl s dilata¢ni kardiomyopatii (DKMP)." Predpoklada
se, ze zastoupeni izoforem titinu hraje roli ve schopnosti
srdce ménit kontraktilitu v zavislosti na pasivnim taze-
ni, tedy na Frankové-Starlingové mechanismu.' Kromé
posunu v zastoupeni izoforem maji na vyslednou tuhost
vldken s titinem vliv jeho posttransla¢ni modifikace, na-
priklad fosforylace.” Zvy3eni koncentrace formy titinu
se snizenou tuhosti bylo pozorovano u jedné pacientky
s PPCM."¢ Data, ktera by blize objasnila roli izoforem titi-
nu v patofyziologii PPCM, zatim bohuzel chybéji.

Dalsimi z hraca v patofyziologii PPCM jsou zvyseny
oxidacni stres a hypersekrece prolaktinu, coz je 23kDa
protein vylu¢ovany adenohypofyzou. Téhotenstvi je spo-
jeno s postupnym nartstem oxidacniho stresu, ktery klesa
v obdobi po porodu k normalnim hodnotdm."” Tyto zmé-
ny jsou vyvazovany zvySenou aktivitou antioxidacnich
systému, ktera zUstdva zachovana i v obdobi po porodu.
K ochrané kardiomyocytt pred oxidacnim stresem pfispi-
va STAT3 (signal transducer and activator of transcription
3). Tento transkrip¢ni faktor zvySuje produkci manganové
superoxid dismutdzy, ktera se podili na inaktivaci kysliko-
vych radikal(.'® STAT3 je aktivovan za fyziologickych pod-
minek v kardiomyocytech matky béhem téhotenstvi a po
porodu. V pokusu na mysich se zvySenou expresi trans-
krip¢niho faktoru STAT3 byla prokazana relativni rezis-
tence ke kardiotoxicité indukované antracyklinem, kde je
vyznamnym mechanismem pravé zvyseny oxidacni stres.
Oxidacni stres stimuluje kardiomyocyty nezndmym me-
chanismem k produkci cathepsinu D, enzymu, ktery stépi
prolaktin na 16kDa fragment. Tento fragment prolaktinu
ma Skodlivy efekt na kardiomyocyty a mikrovaskulaturu.
Je zodpovédny za apoptézu bunék endotelu, coz vede
k snizeni tvorby kapilar. U bfezich mysi se snizenou ex-
presi STAT3 dochéazelo ve zvysené mire ke Stépeni prolak-
tinu na 16kDa fragment. Tyto mysi poté na rozdil od mysi
se zachovanou expresi STAT3 vykazovaly fenotyp PPCM.
Injekce adenovirového vektoru s expresi 16kDa fragmen-
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Adenohypofyza

Oxidaénistr\

Geneticka predispozice
(napf. mutace
v sarkomerickych genech)

Y 16kDa fragment / sFIt-1
Prolaktin prolaktinu /
x / VEGF
Catepsin D miRNA-146a

T
Apoptoza
kardiomyocytu
Kardiomyocyt

Dysfunkce endotelu

Obr. 1 - Patofyziologie peripartalni kardiomyopatie. Sekrece prolaktinu adenohypofyzou, upregulace endotelialni miRNA-146a a placentar-
ni sekrece solubilniho fms-like tyrosinkinazového receptoru 1 (sFkt-1) vede k endotelidlni dysfunkci a apoptéze kardiomyocytl. Geneticka
predispozice se u nékterych pacienti podili na vnimavosti kardiomyocytd. Upraveno podle Honigberg a Givertz.® sFlt-1 - solubilni fms-like
inhibitor tyrosinkindzy 1; VEGF - vaskularni endotelialni riistovy faktor.

tu prolaktinu u nebrezi mysi replikovala fenotyp PPCM.
Dulezité je zjisténi, ze |é¢ba bromocriptinem, inhibitorem
sekrece prolaktinu, dokazala snizit projevy PPCM u mysi
se snizenou expresi STAT3. Nizsi exprese STAT3 v kardio-
myocytech (z provedenych biopsii nebo explantatd pfi
transplantacich), zvyseny oxidacni stres, vysoké koncent-
race cathepsinu D a vys$si hodnoty 16kDa fragmentu pro-
laktinu v séru v porovndni se zdravymi kontrolami byly
dokumentovéany také u Zen s PPCM."” Kardiotoxické ucin-
ky 16kDa fragmentu jsou zprostfedkovany microRNA-
-1464a, jejiz produkce je jeho plsobenim upregulovana.
MiR146a blokuje nékteré metabolické cesty v kardiomyo-
cytech, snizuje jejich metabolickou aktivitu, a pfispiva tak
k fenotypovému projevu PPCM. Zeny s PPCM (na rozdil od
pacientd s DKMP) maji zvy$enou koncentraci miR-146a,
ktera se normalizuje pfi uzivani bromocriptinu. V experi-
mentu podani antisense oligonukleotidd k vyvazani miR-
-146a snizi depleci kapilarni sité v srdci i kardialni fibrézu
a vede ke zlepseni EF LK. MiR-146a by tak mohl slouzit
zéaroven jako marker i jako cil 1é¢by PPCM.™®

Exprese miRNA — at uz volné cirkulujicich, nebo tkarno-
vé specifickych — je vnimana jako moduldtor a biomarker,
ktery hraje roli v patofyziologii, diagnostice i prognoze
mnohych onemocnéni véetné srde¢niho selhani. V mno-
ha studiich byly potvrzeny zmény skladby miRNA béhem
komplikaci v téhotenstvi, pficemz mnoho z nich je produ-
kovano placentou. Je znamo, Zze miRNA jsou mediatory
mnoha zasadnich procest podilejicich se na vzniku srdec-
niho selhani, je tedy pravdépodobné, Ze hraji svou roli
i v patofyziologii srde¢niho selhani pfi téhotenstvi. MiR-
-1464, jak je popsano vyse, ma jasnou roli v patofyziologii
PPCM. Kromé néj byla u pacientek s PPCM dale nalezena
upregulace miR-199a-5p. V tomto kontextu snizend kon-
centrace STAT3 indukuje inhibici ERBB4 v kardiomyocy-

tech, kterd je zprostfedkovana miR-199a-5p. To vede ke
snizeni utilizace glukézy v burikach srdecniho svalu, ke
zvyseni produkce kyslikovych radikalt a k bunéc¢né smrti.
Snizené koncentrace STAT3 navic skrze miR-199a-5p sni-
zuji funkci ubikvitin-proteasomového systému, coz vede
k dezorganizaci sarkomer. Tato cesta aktivujici ubikvitin-
-proteasomovy systém dale vede k sekreci molekuly s na-
zvem asymetricky dimetylarginin. Tato latka v krvi snizuje
tvorbu oxidu dusnatého, a tim se zhorSuje endotelidlni
dysfunkce. Patrné také pfispiva k progresi aterosklerézy.

Vysokd prevalence preeklampsie u pacientek s PPCM
naznacuje pfitomnost moznych sdilenych mechanismi
vzniku téchto dvou klinickych jednotek. Placenta pro-
dukuje antiangiogenni protein jménem solubilni fms-
-like inhibitor tyrosinkindzy 1 (sFlt-1). Jeho produkce
béhem téhotenstvi exponencialné stoupd. sFlt-1 snizuje
plUsobeni vaskularniho endotelidlniho rlistového fakto-
ru (VEGF) a placentarniho rlstového faktoru (PIGF), a je
tedy povazovan za hlavni pfi¢inu hypertenze a endoteli-
alni dysfunkce pfi preeklampsii. Koncentrace sFlt1 navic
koreluje se snizenim globalniho longitudindlniho strainu
a se zvySenim hmotnosti LK u pacientek s preeklampsii.
Experimenty provedené na mysim modelu naznacuji, Ze
sFlt-1 ma roli také v patogenezi PPCM.?" K vysvétleni to-
hoto mechanismu je tfeba jesté predstavit proliferator
activated receptor gamma coactivator-1a (PGC-1a), coz je
transkrip¢ni koaktivator, ktery kromé regulace mitochon-
dridlniho metabolismu také zvySuje angiogenezi a ex-
presi manganové superoxid dismutdzy (MnSOD), a tim
snizuje oxidac¢ni stres. U mysi s deleci genu pro PGC-1a
v kardiomyocytech se po obdobi brezosti vyvinula DKMP.
Pokud byl témto mysim exogenné dodan sFlt-1, vyvinula
se u nich DKMP a srdecni selhani nezavisle na brezosti.
U mysi bez delece genu pro PGC-1 po injekci sFit-1 byl



T. Schimerova, M. Kubanek

367

také pozorovan vznik kardiomyopatie (KMP). Bromocrip-
tin a VEGF poddvané dohromady dokdzaly zcela znor-
malizovat systolickou funkci, pfi separatnim podani jen
jedné z uvedenych substanci KMP regredovala ¢astecné.
Hodnota sFlt-1 po porodu u zdravych Zen rychle kles3,
jelikoz zdrojem je placenta. Naproti tomu u Zen s PPCM
klesd pomaleji — zdroj jeho sekrece ale neni znam. Kon-
centrace sFlt-1 u zkoumané kohorty pacientek s PPCM do-
konce korelovala s tfidou NYHA. U vétsiny Zen se PPCM
manifestuje az v postpartum periodé. Béhem porodu je
stejné jako ostatni hormony produkované placentou sFlt-
1 vylu¢ovan nejvice a tento vrchol pravdépodobné vede
k manifestaci PPCM po porodu (cozZ je majorita pfipadu).
Role dalSich placentarnich hormont v patogenezi kardio-
myopatie neni zatim zcela znama (obr. 1).52

Klinické projevy

Pacientky s PPCM mivaji typické projevy kongesce — stézu-
ji si na dudnost pfi mirné zatézi, kterd mize progredovat
az do ortopnoe, mohou trpét paroxysmalni no¢ni dusnos-
ti a také otoky dolnich koncetin. V nékterych pripadech
se mUze onemocnéni projevit kardiogennim Sokem vyza-
dujicim inotropni nebo mechanickou podporu cirkulace.

K raritnéjsim projevim mohou patfit arytmie ¢i systémo-
vé embolizace u pacientek s trombem v dutiné LK.

Fyzikalni vySetfeni odhali projevy levostranné (chripky
na plicich) a pravostranné kardidlni insuficience (zvysena
napln krénich zil, otoky dolnich koncetin...). Nékdy muze
byt slySitelnd 3. ozva, ktera je ale v téhotenstvi nespeci-
fickd a maze byt pfitomna i fyziologicky. EKG muze byt
normalni, ¢asto s nespecifickymi zmé&nami Useku ST. Rent-
gen hrudniku typicky odhali zndmky méstnani v malém
obéhu a mlze ukdazat i zvétseni srde¢niho stinu, pripadné
pleuralni vypotky. Laboratorni hodnoty natriuretického
peptidu typu B (BNP) a N-terminalniho fragmentu natriu-
retického propeptidu typu B (NT-proBNP) byvaji obvykle
zvyseny.> Zlatym standardem je vzdy echokardiografické
vysetreni, které odhali redukci EF LK pod 45 %, pficemz
levd komora mlze a nemusi byt dilatovana.’

Diferencialni diagnostika

Symptomy srde¢niho selhdni pfi PPCM mohou nékdy z0-
stat bez povsimnuti, protoze se ¢astecné prekryvaji s ob-
tizemi, které zeny v pokrocilém stadiu téhotenstvi zazi-
vaji bézné. Diferenciadlni diagndza zahrnuje preexistujici
kardiomyopatii, prodélanou myokarditidu, toxiny nebo

Tabulka 1 - Diferencialni diagnostika dusnosti v téhotenstvi. Upraveno podle Honigberg a Givertz.®

ONEMOCNENI

Benigni dyspnea v téhotenstvi
népln krénich Zil v normé

PPCM

Preeklampsie ¢i eklampsie
hlavy, hypertenze

Ischemie vedouci ke kardialni
dysfunkci nebo stresova
kardiomyopatie

Arytmie vedouci ke kardialni
dysfunkci

Nové zjisténd chlopenni vada

poslechovy selest

Plicni embolie

ANAMNEZA A FYZIKALNI NALEZY

Obvykle mirnd, postupné se zhorsujici, bez
nahlého zacatku, normalni saturace kyslikem,

Znamky a symptomy srdecniho selhani, ve vétsiné
pripadll vznika v prvnim mésici po porodu
Obvykle pred porodem, pfitomny otoky, bolest

Bolest na hrudi nasledovana znamkami
a symptomy akutniho srde¢niho selhani

Palpitace nasledované znamkami a symptomy
akutniho srdecniho selhdni, tachykardie

Obvykle zacatek projevu ve tretim trimestru,
zndmky a symptomy srdecniho selhdni,

Nahly zacatek obtizi dusnosti, casto doprovéazeny

DIAGNOSTIKA

Neni nutng, ale rtg srdce a plic i echokardiografické
vysetieni by mély byt v normé

Plicni edém na rtg srdce a plic, echokardiograficky
EF LK < 45 % s globalni hypokinezi

Proteinurie, plicni edém na snimku srdce a plic,
echokardiograficky zachovana nebo mirné snizena
EF LK, pfi dlouhodobéjsi hypertenzi je pfitomna
hypertrofie stén

Ischemické zmény na EKG, zvysené hodnoty
kardiomarkerd, plicni edém na snimku srdce a plic,
echokardiograficky loziskova porucha kinetiky,
koronarografie muze odhalit sten6zu/uzavér
véncité tepny

Tachyarytmie na EKG nebo telemetrii, plicni edém
na snimku srdce a plic, echokardiograficky typicky
difuzni hypokineze

EKG mUze poukézat na zvétseni nékterého ze
srdecnich oddil(, plicni edém na snimku srdce a plic,
echokardiograficky ozfejmena chlopenni vada

CT angiografie zobrazi plicni embolii

pleurdinimi bolestmi, mize byt doprovazena
symptomy hluboké Zilni trombdzy (jednostranny

otok a bolestivost), ¢asto tachykardie

Embolie plodovou vodou

Nahly nastup respiracniho a obéhového selhani
v tésné casové souvislosti s porodem, ¢asto
asociovany s krvacenim pfi diseminované

Elevace hodnot D-dimerd, schistocyty, nizka
hodnota fibrinogenu, trombocytopenie, nutné
vyloucit jiné priciny stavu pomoci echokardiografie,

intravaskularni koagulaci, tachypnoe, hypotenze CT

Asthma bronchiale

Anamnéza astmatu, kasel, exspiracni piskoty

Spirometrie s pozitivnim provokacnim testem,
odpovéd na bronchodilataci

CT - vypocetni tomografie; EF — ejekéni frakce; EKG - elektrokardiografie; LK - leva komora; rtg — rentgen.
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Tabulka 2 - Léky pouzivané u pacientt se srdecnim selhanim a jejich uZiti v téhotenstvi a pfi kojeni.

Upraveno podle Honigberg a Givertz.®

LEK UZIVANI BEHEM TEHOTENSTVI UZIVANI BEHEM KOJENI

Klickova diuretika Kompatibilni Kompatibilni

Beta-blokatory Kompatibilni Kompatibilni

ACEI a sartany Nekompatibilni Kompatibilni (captopril, enalapril, quinapril,
benazepril)

Antagonisté mineralokortikoidnich receptord  Nekompatibilni Kompatibilni

Sacubitril/valsartan Nekompatibilni Chybéji data

Hydralazin/nitrat Kompatibilni Kompatibilni

Ivabradin Nedoporucovany Chybéji data

Digoxin Kompatibilni Kompatibilni

Heparin (nefrakcionovany nebo Kompatibilni Kompatibilni

nizkomolekularni)

Warfarin Nedoporucovany Kompatibilni

NOAC Nekompatibilni Chybéji data

ACEI - inhibitory angiotenzin konvertujiciho enzymu; NOAC - nova perorélni antikoagulancia.

léky indukovanou kardiomyopatii, vyznamnou chlopenni
vadu (nejcastéji se v obdobi téhotenstvi demaskuje mit-
ralni stendza ¢i aortdIni stenéza), vrozené srdecni vady,
pfipadné plicni arteridlni hypertenzi. V téhotenstvi se zvy-
$i objem krve a srde¢ni vydej se zvysi o 50 % do konce dru-
hého trimestru. Pacientky s vyse uvedenymi diagnézami
obvykle maji obtize jiz v tomto stadiu, tedy dfive, nez pa-
cientky s PPCM.* Riziko vzniku akutniho infarktu myokar-
du (at uz mechanismem ruptury aterosklerotického platu,
¢i spontdnni koronarni disekci) je v peripartalni periodé
troj az ¢tyfnasobné vyssi v porovndni s ostatnimi Zenami
a mUze se projevit bolesti na hrudi, dusnosti i znamkami
srdecniho selhani.?? V neposledni fadé je v diferencidlni
diagnostice tfeba myslet i na plicni embolii, jejiz vznik je
béhem téhotenstvi a v postpartum periodé 5-10x prav-
dépodobnéjsi nez v bézné populaci, a embolii plodovou
vodou (tabulka 1).

Lécba

Doporuceni tykajici se lécby pacientek s PPCM vychazeji
z lécby jinych forem srdecniho selhani s redukovanou EF
LK, pfipadné jsou na Urovni evidence C, opiraji se tedy
o nazory expertt, nikoli o vétsi studie. Lé¢ba by tedy méla
probihat standardné podle doporuceni pro srdecni selha-
ni, s nutnou modifikaci u zen, které jsou stale téhotné.
Restrikce pfijmu sodiku je preferovana pred uzitim kli¢-
kovych diuretik pfi hyperhydrataci; ta mohou byt pouzita
pfi znamkach méstnani v malém nebo velkém obéhu. DG-
lezité je ale vyvarovat se hypovolemie a hypotenze, které
mohou vést k hypoperfuzi placenty a plodu. Pokud je pa-
cientka hemodynamicky stabilni, ma byt zahajena terapie
beta-blokatory (BB) s preferenci p,-selektivnich (napfiklad
metoprolol). Inhibitory angiotenzin konvertujiciho enzy-
mu (ACEI) a blokatory receptoru pro angiotenzin (sarta-
ny) jsou v téhotenstvi kontraindikovany z ddvodu jejich
teratogenicity. Nékteré ACEl je nicméné mozZno uzivat

béhem kojeni. Sacubitril/valsartan je v téhotenstvi kon-
traindikovan a jeho pfipadné nezddouci ucinky v dobé
laktace nebyly zatim studovany. Hydralazin i nitraty je
mozno uzit k vazodilataci i u téhotnych Zen. Podavani
antagonistd mineralokortikoidnich receptord (MRA) je
indikovano u pacientl ve tfidé NYHA II-IV se srdecnim
selhanim a EF LK < 40 %. B&hem téhotenstvi je jejich po-
davani kontraindikovano z ddvodu jejich anti-androgen-
nich ucinkd, ale béhem laktace je jejich uzivani mozné.
Digoxin Ize v téhotenstvi uzivat.>242

Tromboembolismus je relativné castou komplikaci
PPCM. Nejsou k dispozici zadnd data, kterd by nazna-
Covala, jak vybirat zeny s PPCM vhodné k antikoagulaci.
Doporuceni Evropské kardiologické spole¢nosti (ESC) radi
zahajit antikoagulaci u pacientek s PPCM s EF LK < 35 %
a u téch, kterym je poddvan bromocriptin. Doporuceni
American Heart Association (AHA) radi zvazit antikoagu-
laci u pacientek s EF LK < 30 %. Existuji i nadzory, ze by
mély byt antikoagulovény viechny pacientky s PPCM do
doby osm tydnl po porodu.?® Warfarin prestupuje pres
placentu a mize byt teratogenni, ale lze ho uzivat bé-
hem kojeni. Studie s novymi perordlnimi antikoagulancii
(NOACQ) na téhotnych a kojicich Zenach nejsou dostupné.
Heparin (nefrakcionovany i nizkomolekularni) neprestu-
puje pres placentdrni bariéru, a proto je povazovan za lék
volby u téhotnych Zen s PPCM (tabulka 2).

Bromocriptin je podavan na zdkladé predchozich stu-
dii, které ukazaly, Ze prolaktin, hormon vylu¢ovany pfi
kojeni, jehoz hodnoty jsou pfi porodu extrémné vysoké,
ma pravdépodobné vliv v patofyziologii PPCM. Prolaktin
se vlivem mnoha faktord, napriklad oxidacniho stresu,
$tépi na 16kDa velky antiangiogenni a proapoptoticky
fragment, ktery ma negativni vliv na funkci kapilarni sité
v myokardu. Bromocriptin inhibuje sekreci prolaktinu,
a snizuje tak pravdépodobnost zhorseni PPCM."” Efekt
bromocriptinu byl nejdfive zkouman v malych klinickych
studiich, kde mél pozitivni efekt na pribéh onemocné-
ni. Podani ihned po porodu je povazovano za relativné
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bezpecné a je asociovano s lepsi prognézou. Nyni se jeho
pouziti u pacientek s vaznéjSim prlbéhem PPCM povazu-
je za zlaty standard.?” Jeho podani je naproti tomu spise
nevhodné u Zen s mirnym pribéhem onemocnéni a jen
lehkou systolickou dysfunkci LK, a to zvlasté v zemich
s niz§im hygienickym standardem, kde by zastaveni koje-
ni mohlo vést k vaznym komplikacim pro novorozence.?
Po podavani bromocriptinu byly popsdny trombotické
komplikace v¢etné infarktu myokardu a ischemické cévni
mozkové piihody.® Podani tohoto Iéku je off-label a je vy-
hrazeno pro tézké pripady PPCM.

Prognéza

PPCM je onemocnénim mladych fertilnich Zen, proto je
velmi dllezité pomyslet na jejich dlouhodobé;si progné-
zu. Relativné velké mnozstvi studii se zabyvalo kratkodo-
bym vystupem a klinickym stavem pacientek, ale existuje
minimum studii popisujici vyvoj po dobu nékolika let az
dekad. Je ale nasnadé, Ze mladé pacientky s PPCM neza-
jima pouze jejich kratkodoba Iécba, ale chtéji mit infor-
mace i o své dlouhodobéjsi progndze (i rizicich dalSiho
téhotenstvi. V této chvili jsou data z vétsich kohort, ktera
by vycislovala pétileté preziti pacientek s PPCM ¢i pravdé-
podobnost normalizace EF LK, zna¢né limitovana.
Dlouhodoba progndéza pacientek s PPCM se jevi pfizni-
véji nez u vétsiny ostatnich kardiomyopatii. Neddvnd data
ukazuji, Ze u 50-80 % zen s PPCM se EF LK znormalizuje
—u vétsiny k tomu dojde béhem prvnich Sesti mésicu. Tato
Cisla ukazuji vyrazné zlepseni prognézy PPCM proti obdo-
bi 70. let 20. stoleti, kdy byla dokumentovana mortalita
30-50 %. Recentnéjsi mortalitni data u PPCM jsou ale sta-
le velmi omezena a byla sbirana a publikovana predeviim
mimo Evropu (Haiti, JAR, USA, Pakistan, Turecko). Vétsina
studii méla navic pouze kratkou dobu sledovani a soustre-
dila se na Sest mésicl po stanoveni diagnézy. Dostupna
mortalitni data se znac¢né lisi a kolisaji od 2 % v Némecku
po 12,6 % v Jihoafrické republice.?*3° Podobna variabilita
panuje v mortalitnich datech po mésici sledovani.
Nékteré studie s delsim sledovanim neshledavaji rozdil
v mortalité na zdkladé srdecniho selhani pfi porovnani EF
LK a end-diastolického rozméru (EDD) v dobé diagndzy.'3'
Naproti tomu stoji vysledky turecké studie na 42 Zenach,
kde byly EF LK a EDD v dobé diagndézy identifikovany jako
vyznamny prediktor pozdni mortality na srdec¢ni selhani.
Podobna pozorovani byla nalezena v kohorté IPAC, kde
byl end-diastolicky rozmér LK > 60 mm v dobé diagnozy
PPCM asociovan se snizenou pravdépodobnosti normali-
zace EF LK a zaroven znamenal zvysené riziko nutnosti
zavedeni mechanické srdecni podpory ¢i podstoupeni
transplantace. Z 27 Zen s EF LK < 30 % v dobé diagndzy se
pouze u deseti z nich po 12 mésicich normalizovala EF LK.
K normalizaci EF LK po 12 mésicich doslo naproti tomu
u56z65zZensEF LK > 30 % v dobé diagndzy.>? Prediktory
pozdni mortality tedy jesté nejsou zcela vyjasnéné.
Nedavna studie porovndvajici morbiditu a mortalitu pa-
cientek s PPCM z Némecka a z Jihoafrické republiky po-
tvrdila pfedchozi pozorovani, kdy byl u pacientek z Afriky
popisovan horsi pribéh onemocnéni. U pacientek z Né-
mecka byla EF LK na zacatku sledovani nizsi (24 + 8 %), ale
bylo dosazeno signifikantnéjsiho zvyseni funkce po 3esti

meésicich (Uplna normalizace EF LK v 52 %, mortalita 0 %)
v porovnani s kohortou z Jihoafrické republiky (vstupné 30
+ 9 %, Uplnd normalizace EF LK 32 %, mortalitav 11 %).3

Riziko umrti je nejvyssi v ¢asné postpartum periodég,
presto nejsou vyjimkou ani umrti pozdéjsi, ktera nastavaji
bud vlivem progrese srde¢niho selhani, nasledkem malig-
nich arytmii, nebo z nekardialnich pfi¢in (jako napf. HIV
v jihoafrickém souboru). Kardidlni komplikace se vysky-
tuji Castéji u Zen, kde nedoslo k normalizaci funkce levé
komory. Pfestoze riziko vzniku komorovych arytmii a na-
hlé srde¢ni smrti je jisté vyssi v akutni fazi PPCM, mUze se
objevit i v dalSich fazich onemocnéni. V casné fazi one-
mocnéni Ize vyuZzit pfi ambulantnim sledovani pacientek
s téZkou systolickou dysfunkci LK nositelného externiho
kardioverteru-defibrilatoru dle platnych evropskych do-
poruceni pro diagnostiku a lé¢bu srde¢niho selhani.?* Pfi
pretrvavani tézké systolické dysfunkce LK na optimalni
farmakoterapii je indikace k primarné preventivni im-
plantaci defibrildtoru (ICD). Byly popsany ojedinélé pfi-
pady nahlé srde¢ni smrti u pacientek s normalizaci funkce
LK, zatim neni jasné jak tyto pacientky identifikovat.

S vySe uvedenou nejistotou se pfimo poji dalsi, pro
oSetrujici l1ékare velmi praktickd otazka, kdy a zda vibec
vysadit Iéky na srdecni selhani u pacientek, kterym se EF
LK znormalizovala? Soucasné guidelines se tomuto pro-
blému vyhybaji a existuji jen skromna data popisujici pra-
béh onemocnéni u pacientek, jimz byla terapie srde¢niho
selhani po urcité dobé vysazena. Je nicméné dokumen-
tovano, ze podobné jako u pacientti s DKMP se mUze EF
LK po prechodném zlepseni (¢i normalizaci) opét snizit,
a vysazeni 1ékd tedy musi byt peclivé zvazeno.

Soucasné postupy vychazeji z konsenzu Heart Failure
Association (HFA) PPCM Study Group members. Pacient-
ky maji byt sledovany v pravidelném odstupu maximalné
Sesti mésich vcetné provedeni echokardiografie, dokud
neni EF LK > 50 %. Pokud zUstanou stabilni i po postup-
ném vysazovani medikace na srdecni selhdni, je mozné
omezit kontroly na jednou ro¢né po dobu az deseti let.®

Pacientky s pretrvavajici snizenou EF LK by mély
pokracovat v terapii ACEl/sacubitril/valsartanem, BB
a MRA, eventudlné ivabradinem podle platnych evrop-
skych doporuceni pro diagnostiku a Iécbu srdecniho
selhani.?* Neexistuje zadné doporuceni, kdy, jak a jestli
vlbec zredukovat ¢i vysadit 1é¢bu srde¢niho selhani pa-
cientkdm s Uplnym zotavenim EF LK ¢i se subklinickou
dysfunkci LK. Pokud se ale pro postupné vysazovani roz-
hodneme, ma byt provedeno postupné a za castych kli-
nickych kontrol, idedlné se zatéZovym testem.?® Néktefi
¢lenové PPCM Study Group doporucuji terapii srdecniho
selhani nevysazovat a podavat ji cely Zivot v maximal-
nich tolerovanych davkach. Své doporuceni odivodriu-
ji pozorovanim, ze u nékterych Zen s normalizaci EF LK
byla pozdéji pozorovana opétovnd deteriorace EF LK.
Podobné pozorovani bylo u¢inéno u pacientd s DKMP,
u kterych doslo k zotaveni EF LK. Britska studie TRED-
-HF rozdélila 51 téchto pacientd do dvou vétvi, pricemz
u jedné vétve byla terapie srde¢niho selhdni ukoncena
a u druhé se v ni dale pokracovalo. V prvnich Sesti mé-
sicich byla u prvni vétve pozorovana deteriorace EF LK
u 11 (46 %) pacientd, kdezto zhorseni EF LK se nedosta-
vilo u Zadného pacienta pokracujiciho v 1écbé. Po Sesti
mésicich byla ukoncena terapie srde¢niho selhani u dru-
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hé skupiny pacientt a u deviti (35 %) z nich po Sesti
mésicich doslo ke zhorseni EF LK. Z této studie plyne, Ze
dokud neobjevime jasné prediktory relapsu onemocnéni
u téchto pacientd, méli bychom u nich v l1é¢bé srde¢niho
selhani pokracovat i pfes normalizaci EF LK z ddvodu vy-
soké pravdépodobnosti relapsu.’

U nékterych pacientek, zejména u téch s rodinnou
anamnézou kardiomyopatie, je vhodné zvazit provede-
ni genetického screeningu. Neddvné studie totiz ukazuiji,
Ze pfinejmensim nékteré pacientky s PPCM nesou muta-
ce zodpovédné za vznik jinych kardiomyopatii. Napriklad
pacientky nesouci trunkujici varianty v genu pro titin
mély signifikantné nizsi EF LK pfi jednoletém sledovani.™
Rodinny screening a genetické testovani se zaméfenim na
Lkardiomyopatické” geny tedy mize mit potencidlni vy-
znam pro dlouhodobou strategii [é¢by.

Doporuceni k dalsimu téhotenstvi

Zatim nejvétsi studie zabyvajici se pribéhem dalsich tého-
tenstvi u zen s diagnézou PPCM byla publikovdna v New
England Journal of Medicine jiz v roce 2001. Popisuje
soubor 44 zen, z nichz 16 mélo perzistujici dysfunkci LK.
U vsech Zen bylo dalsi téhotenstvi spojeno se snizenim EF
LK (ze 49,9 £ 12 % na 42 + 13 %, p < 0,001). U Zen s nor-
malizovanou EF LK pred dalSim téhotenstvim nebylo za-
znamendno zadné umrti z kardidlni pfi¢iny na rozdil od
pacientek s perzistujici dysfunkci LK, kde byla mortalita
19 %. Vzhledem k tomu, Ze se jednalo o retrospektivni
studii, neni zde Udaj o uZivané medikaci a jejim eventual-
nim preruseni.®

Recentnéjsi prospektivni studie na 34 Zenach s diagnoé-
zou PPCM z Némecka, Skotska a Jihoafrické republiky za-
znamenala relaps PPCM (snizeni EF LK pod 50 % nebo
umrti z kardialnich pficin) u nasledujiciho téhotenstvi
u 56 % pacientek, z ¢ehoz 12 % zemfrelo (zde se ve vsech
Ctyfech pripadech jednalo o pacientky s perzistujici dys-
funkci pfed nasledujicim téhotenstvim). Pacientky lé¢ené
standardni terapii srde¢niho selhani a bromocriptinem
ihned po porodu mély signifikantné lepsi EF LK pfi dal-
$im sledovani a také vyssi procento Uplné normalizace EF
LK v porovnani s pacientkami lé¢enymi pouze standardni
terapii srdecniho selhdni. Toto pozorovani nebylo zavislé
na rase pacientek.®

Dle HFA PPCM Study Group je uplna normalizace EF
LK pred dalsim téhotenstvim asociovana s niz$i mortali-
tou a lepsi EF LK pfi dalsim sledovani. | tyto Zeny jsou ale
ve vysokém riziku zhorseni EF LK a dle doporuceni ESC
pro lécbu kardiovaskuldrnich onemocnéni (KVO) béhem
téhotenstvi patfi mezi rizikové pacientky do tfidy mWHO
lll, kde procento kardialnich komplikaci béhem téhoten-
stvi dosahuje 19-27 %. Pacientky se snizenou EF LK pred
nasledujicim téhotenstvim maji riziko relapsu jesté vyssi,
Castéjsi je vyrazné zhorseni srde¢niho selhdni a umrti.
U téchto pacientek se dal3i téhotenstvi jednoznacné ne-
doporucuje. Dle doporuceni ESC pro lécbu KVO béhem
téhotenstvi jsou tyto pacientky zafazeny do tfidy mWHO
IV, tedy tfidy s nejvyssim rizikem, kde procento kardial-
nich komplikaci béhem téhotenstvi dosahuje 40-100 %.%
U téhotnych pacientek se musi ukoncit terapie ACEI, kte-
ré jsou teratogenni. Nacasovani porodu mé byt modifi-

kovano od normalniho pribéhu pouze pfi progresivnim
zhorsovani EF LK s manifestaci srdecniho selhani se sna-
hou o dosazeni alespori 37. tydnu téhotenstvi.?®

Zaveér

| pfes vyznamné pokroky zUstdva rada patofyziologickych
a klinickych aspektl PPCM neobjasnéna. Je tfeba vénovat
dalsi Gsili vyzkumu tohoto onemocnéni.
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téhotenstvi, musi se Ié¢ba dapagliflozinem prerusit. Neni znamo, zda se dapagliflozin a/nebo jeho metabolity vylucuji do lidského matefského mléka. Uinky na schopnost fidit a obsluhovat stroje: Pripravek
Forxiga nema zadny vliv nebo ma zanedbatelny vliv na schopnost fidit nebo obsluhovat stroje. Pacienti maji byt upozornéni na riziko hypoglykemie, pokud je dapagliflozin podavan soubézné s derivaty
sulfonylmocoviny nebo s inzulinem. Nezadouci G&inky: Nejéastéji hlasenymi nezadoucimi Gcinky v klinickych studiich byly infekce pohlavnich organi, vyskyt hypoglykemii byl srovnatelny s placebem,
jejich frekvence se zvysila pfi kombinaci se SU ¢&i inzulinem. Dalsimi ¢astymi nezadoucimi Gcinky byly infekce mocovych cest, DKA (DM1, u DM2 vzacné), zavrat, dysurie, polyurie, bolest zad, zvyseny
hematokrit, snizena renélni clearance kreatininu béhem zahajeni [é¢by, dyslipidemie a vyrazka. Méné ¢asté jsou plisfiové infekce, objemova deplece, Zizeri, zdcpa, sucho v Ustech, nykturie, vulvovaginalni
pruritus, pruritus genitalu, zvyseny kreatinin & zvy$ena mocovina v krvi, snizena télesnd hmotnost, velmi vzacné angioedém. U pacient( uzivajicich inhibitory SGLT2, véetné dapagliflozinu, byly velmi vzacné
hlaseny pfipady Fournierovy gangrény. Bezpeénostni profil dapagliflozinu u subjektt se SS a DM1 byl podobny profilu bezpeénosti dapagliflozinu u subjektt s DM2. Vyjimkou byl vyssi vyskyt pifihod DKA
ve studiich s DM1. Dapagliflozin 10 mg se nema pouzivat k lé¢bé pacientd s DM1. Zvlastni opatfeni pro uchovavani: Nevyzaduje se. Druh obalu a velikost baleni: Al/Al blistr, 30x1 a 90x1 potahovana
tableta v perforovanych jednodéavkovych blistrech. Drzitel rozhodnuti o registraci: AstraZeneca AB, SE 151 85 Sodertilje, Svédsko. Registraéni ¢isla: EU/1/12/795/004-005, EU/1/12/795/009-010. Datum
revize textu: 3. 11.2020. © AstraZeneca 2020. Registrovana ochranna znamka FORXIGA je majetkem Ast raZeneca plc. Referenéni &islo dokumentu: 03112020API. Piipravek Forxiga 5 mg neni v CR hrazen
z prostredki vefejného zdravotniho pojisténi. Pripravek Forxiga 10 mg je v CR &astecné hrazen z prostfedkd vefejného zdravotniho pojisténi. Prectéte si pozorné Gplnou informaci o piipravku, kterou
naleznete na webovych strankach Evropské agentury pro 1écivé piipravky (EMA) http://ema.europa.eu nebo na adrese zastupce drzitele rozhodnuti o registraci v CR: AstraZeneca Czech Republics. r. o.,
U Trezorky 921/2, 158 00 Praha 5 - Jinonice, tel.: +420 222 807 111, www.astrazeneca.cz

*HR 0,74; 95 % CI (0,65 - 0,85) ** HR 0,83; CI (0,71-0,97). *** Lé¢ba dapagliflozinem ve srovnani s placebo lé¢bou vedla ke statisticky i klinicky vyznamnému zmirnéni pfiznakd srde¢niho selhani, jak
dokumentuje zména v KCCQ-TSS v 8. mésici lé¢by, pfi srovnani s vychozi hodnotou (WR 1,18 [95% CI 1,11 - 1,26]; p<0,0001).2

KV = kardiovaskularni, HFA ESC = Asociace pro srdeéni selhani Evropské kardiologické spole¢nosti, ARR = absolutni snizeni rizika, RRR = relativni snizeni rizika, NNT = number needed to treat,
eGFR = odhadovana rychlost glomerularni filtrace, Cl = confidence interval, HR = hazard ratio, WR = win ratio
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3. Seferovic PM et al. Eur J Heart Fail. 2020. doi:10.1002/ejhf.2026.
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Type 2 diabetes

Srdecni selhani a diabetes mellitus 2. typu se Casto vyskytuji spolecné a jsou spojeny s nepfiznivou pro-
gndzou a vysokou mortalitou. Kardiovaskularni studie s inhibitory sodiko-glukézového kotransportéru 2
(SGLT2) provedené v poslednich letech u diabetikl 2. typu prokazaly pfiznivy vliv na redukci hospitalizaci
pro srdecni selhani. Tento pfiznivy efekt prokazany u viech gliflozin( (empagliflozinu, dapaglifiozinu,
canagliflozinu) se stal predmétem dalsiho vyzkumu, a tak i nadéji pro Ié¢bu srdec¢niho selhani. Studie DA-
PA-HF s dapagliflozinem zaméfena na pacienty s chronickym srde¢nim selhanim a snizenou ejekéni frakci
(HFrEF) potvrdila pokles hospitalizaci pro srdecni selhani a pokles mortality z kardiovaskularnich pficin
i celkové mortality u nemocnych Iécenych dapagliflozinem bez ohledu na pfitomnost diabetu. Dapagliflo-
zin je tak nejen antidiabetikem, ale stava se i Iékem vhodnym pro lécbu chronického srde¢niho selhani se
snizenou ejekeni fraki.

© 2021, CKS.

ABSTRACT

Heart failure and type 2 diabetes mellitus often occur together and are associated with poor prognosis and
high mortality. Cardiovascular studies with SGLT2 inhibition carried out in recent years in type 2 diabetics
have shown its beneficial effect on the reduction of hospitalization for heart failure. This beneficial effect
demonstrated with all gliflozins (empagliflozin, dapagliflozin, canagliflozin) became the subject of further
research and thus hope for the treatment of heart failure. DAPA-HF studies with dapagliflozin aimed at
patients with chronic heart failure and reduced EF (HFrEF) confirmed a decrease in hospitalization for heart
failure and a decrease in cardiovascular and overall mortality in patients treated with dapagliflozin regard-
less of the presence of diabetes. Dapagliflozin is therefore not only an antidiabetic, but becomes also a use-
ful drug for the treatment of the chronic heart failure with reduced EF.

Uvod

Srdecni selhani je povazovano za ,epidemii 21. stoleti”
a postihuje pfiblizné 1-2 % dospélé populace v rozvinu-

Diabetes mellitus (DM) 2. typu je velmi casté onemocné-
ni provdzené zavaznymi cévnimi komplikacemi a zvyse-
nou mortalitou. Vyskyt srde¢niho selhani u pacientd s DM
2. typu je 2,5krat vyssi a srdecni selhani je jednou z hlav-
nich pficin zvySené mortality diabetik(.’

tych zemich. Prevalence DM 2. typu u nemocnych s chro-
nickym srde¢nim selhdnim je az 30 %.? Ve skupiné hos-
pitalizovanych pacientt se srdecnim selhanim se vyskytuji

a DM 2. typu se tedy neziidka objevuji spole¢né, coz je
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spojeno s nepfiznivou prognézou. Mortalita nemocnych
s chronickym srde¢nim selhdnim zlstava vysokd nadale
navzdory pokroklm v terapii, ke kterym doslo v posled-
nich letech.?*

Epidemiologie

Podle udaji UZIS z roku 2018 se chronické srdeéni selha-
ni vyskytuje v CR u vice nez 285 tisic nemocnych, pficemz
diabetes mellitus 2. typu je soucasné pfitomen u 117 tisic
z nich. To predstavuje 41 %.°

Celosvétové trpi chronickym srde¢nim selhanim 64 mi-
liona lidi.®

Chronické srdecni selhdni je hlavni pfi¢inou hospitaliza-
ce u nemocnych starsich 65 let. Pétileté preziti nemocnych
s chronickym srde¢nim selhanim dosahuje pouze 50 %.’

Obé onemocnéni DM 2. typu a chronické srdecni selha-
ni jsou zavaznd a jejich prognéza a mortalita je podobnd
jako u malignich nadorovych chorob.®

Inhibitory SGLT2 - glifloziny

V [écbé srdec¢niho selhdni se v nedavné dobé objevily nové
[é¢ebné mozZnosti. Jednou z nich jsou inhibitory SGLT2 (gli-
floziny). Jedna se o antidiabetika, u nichZz byl prokazan
pfiznivy vliv na vyskyt srde¢niho selhani.

Glifloziny pusobi mechanismem zvyseni vyluc¢ovani glu-
kézy moci blokddou sodiko-glukézového kotransportéru
v proximalnim tubulu ledvin. Glukéza z primarni moci

neni zpétné reabsorbovana, ale je vyloucena. Denné se
takto vylouci az 70 g glukézy. Soucasné dochazi i k ztraté
energie, proto kromé snizeni glykemie dochazi také k sni-
zeni hmotnosti. Glifloziny rovnéz snizuji krevni tlak a maji
silné nefroprotektivni ucinky.

Onemocnéni ledvin je castou komplikaci diabetu a ob-
racené diabetes mellitus je jednou z nejcastéjSich pricin
rendlniho selhani s nutnosti hemodialyzy. Navic onemoc-
néni ledvin zvysuje riziko srde¢niho selhani a mortality.®

Ucinek gliflozina je komplexni a je nezavisly na inzulinu
(obr. 1).

Analoga receptoru pro GLP-1

Druhou lékovou skupinou, ktera muaze pfiznivé ovlivnit
prognézu nemocnych s DM 2. typu, jsou analoga recep-
toru pro GLP-1, inkretinovd antidiabetika stimulujici
endogenni cestou sekreci inzulinu a potlacujici sekreci
glukagonu. K jejich metabolickym uc¢inklm patfi kromé
snizeni glykemie také ubytek hmotnosti (potlacuji chut
k jidlu, zpomaluji vyprazdnovani zaludku), pokles krevni-
ho tlaku a lipidd. Kardiovaskuldrné zamérené studie pro-
kdzaly u nékolika zastupct ze skupiny analog receptoru
pro GLP-1 (liraglutid — LEADER, semaglutid SUSTAIN-6,
dulaglutid REWIND, albiglutid HARMONY) statisticky vy-
znamné snizeni vyskytu kardiovaskuldrniho sloZzeného
cilového ukazatele (zéavazné nezadouci kardiovaskular-
ni prfihody [MACE] - umrti z kardiovaskularnich pficin,
nefatalni infarkt myokardu a nefatdlni CMP). Jejich vliv na
srde¢ni selhani byl neutrdlni."-'4

Inhibice SGLT2

Hmotnost
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Obr. 1 - Mechanismus ucinku gliflozin(." CKD - chronické onemocnéni ledvin; DKD - diabetické onemocnéni ledvin; NAFLD - nealkoholickd
steatdza jater; NASH - nealkoholickd steatohepatitida; NHE1 — sodiko-vodikovy vyménik 1; NHE3 - sodiko-vodikovy vyménik 3; TGFp - trans-

formujici rastovy faktor .
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Analoga receptoru pro GLP1 jsou preferovana podle
soucasnych doporuceni u nemocnych s DM 2. typu s pfi-
tomnymi kardiovaskuldrnimi komplikacemi, ale i s rizi-
kovymi kardiovaskularnimi faktory. Jsou alternativou
i u nemocnych se srde¢nim selhanim, pokud neni lécba
glifloziny tolerovana anebo je kontraindikovana.

CVOT s novymi antidiabetiky

Studie zamérené na kardiovaskularni vysledné ukazatele
(cardiovascular outcome trial, CVOT) jsou standardné pro-
vadény u viech novych antidiabetik pred jejich uvedenim
na trh. Tuto povinnost ulozily americky UFad pro kontrolu
potravin a léciv (FDA) a Evropska lékova agentura (EMA)
vyrobclm léc¢iv v roce 2008 a puvodnim cilem nafizeni
bylo prokdazat kardiovaskularni bezpecnost novych Iéka.

Takto byla postupné testovdna skupina inhibitorQ
dipeptidylpeptidazy-4 (DPP-4), agonist pro receptory
GLP-1 a inhibitory SGLT2. Zatimco inhibitory DPP-4 byly
shledany jako bezpecné s kardioneutralnim vlivem, studie
s nékolika zastupci ze skupiny inhibitort GLP-1 a inhibito-
ra SGLT2 prokazaly kardioprotektivitu.

Zvlastni pozornost vyvolala skupina inhibitort SGLT2,
u nichZz byl prokdzan pfiznivy vliv na vyskyt srde¢niho
selhani a nefroprotektivita. Poprvé byl pokles hospita-
lizaci pro srde¢ni selhani prokdzan u empagliflozinu ve
studii EMPA-REG OUTCOME, "> nasledné pak byl podobny
pfiznivy vliv prokdzan i u canagliflozinu ve studii CAN-
VAS,'® u dapagliflozinu ve studii DECLARE-TIMI."

Studie DAPA-HF

DAPA-HF je prvni studie zamérena na pacienty s chronic-
kym srde¢nim selhanim a snizenou EF pod 40 % (HFrEF),
v niz byl sledovan vliv dapagliflozinu.®

Do studie bylo zafazeno 4 744 pacientl, a to s DM
2. typu, ale i bez diabetu. Primarni sloZzeny cilovy ukazatel
zahrnoval umrti z kardiovaskuldrnich pficin nebo zhorse-
ni srde¢niho selhani (definované jako hospitalizace nebo
urgentni osetfeni pro srdecni selhani).

Dapagliflozin prokdzal statisticky vyznamny pokles
vyskytu umrti z kardiovaskuldrnich pfi¢in a snizeni rizi-
ka zhorseni chronického srde¢niho selhani u pacienta
s HFrEF (26 % RRR, pomér rizik [HR] 0,74, 95% interval
spolehlivosti [CI] 0,65-0,85, p < 0,0001) (obr. 1). NNT byl
21. Efekt dapagliflozinu byl konzistentné pfitomen ve
vsech skupinach pacientll, nezavisle na pfitomnosti DM
2. typu, a to i u nemocnych s onemocnénim ledvin a glo-
merularni filtraci < 60 ml/h/1,73 m2.®

Soucasné bylo prokazano snizeni mortality z kardio-
vaskularnich pfi¢in i celkové mortality pfi terapii dapagli-
flozinem a byla zlepSena i kvalita Zivota pacientu.

Na zékladé vysledkl ze studie DAPA-HF ziskal dapagli-
flozin jako prvni a dosud jediny gliflozin indikaci pro lé¢-
bu pacientt s chronickym srde¢nim selhdnim se snizenou
EF. Dle SPC Ize dapagliflozin podat pacientim s glomeru-
larni filtraci > 30 ml/min/1,73 m? (obr. 2, 3)."®

Preskripéni a uhradové omezeni gliflozina

Navzdory presvédcivym vysledkdm z CVOT a schvdlenym
indikacim dapagliflozinu nejen pro |écbu DM 2. typu, ale
i pro symptomatické srdecni selhani se snizenou ejekéni
frakci maji v soucasné dobé viechny glifloziny preskripéni
omezeni. S Uhradou z vefejného zdravotniho pojisténi je
mohou predepsat pouze diabetologové, endokrinologo-
vé a internisté u pacientd s DM 2. typu, ktefi jsou neu-
spokojivé kompenzovani a jejich HbA, je > 60 mmol/mol,
a to pouze v kombinaci s metforminem nebo metformi-
nem a inzulinem anebo s inzulinem samotnym. Kombina-
ce s ostatnimi antidiabetiky hrazena neni.

Lécba predepsana kardiologem, prestoze jsou gliflo-
ziny velmi nadéjnou lékovou skupinou pro lécbu chro-
nického srde¢niho selhani i u nediabetik(, v tuto chvili
hrazena neni. Zde se nabizi varianta pfimé uhrady ze
strany pacienta do doby ziskani Uhrady. Mési¢ni lécba
dapagliflozinem, ktery je jiz nyni indikovan k |é¢bé srde¢-
niho selhani, vychazi na necelych 1 200 K¢.

Na druhou stranu ale existuje velké mnozstvi pacientl
s DM 2. typu, ktefi jsou ohrozZeni srde¢nim selhdanim nebo
diabetickym onemocnénim ledvin. Zejména u nich je 1é¢-

.
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Obr. 2 — DAPA-HF - primarni sloZeny cilovy ukazatel: umrti z KV
pficin nebo hospitalizace pro srdecni selhani ¢i urgentni osetreni
pro srdecni selhani.?' DAPA - dapagliflozin; HR — pomér rizik; KV -
kardiovaskularni; NNT — number needed to treat.

Obr. 3 - Slozky primarniho cilového ukazatele DAPA-HF - umrti
z kardiovaskularnich pficin.?' DAPA - dapagliflozin; HR — pomér ri-

zik.



376

Diabetes mellitus a srde¢ni selhani

ba inhibitory SGLT2 preferovdna a je spojena se zlepse-
nim jejich prognézy.

Role diabetologa a kardiologa

Dulezité je u diabetikl myslet na riziko srde¢niho selhani
a vcas toto onemocnéni diagnostikovat. Jednak cilenym
patranim po symptomech, hlavné po dusnosti, kterd byva
nezfidka podcernovana a pfisuzovana nadvaze ¢i dekondici
pacienta, ale i napfiklad vysetienim N-terminalniho frag-
mentu natriuretického propeptidu typu B (NT-proBNP),
echokardiografii a konzultaci kardiologa. Glifloziny je
vhodné nasadit vcas, a to jiz u pacientd s podezienim na
srdecni selhani, jsou-li spInény podminky uhrady.

Na druhou stranu nemocni, ktefi trpi srde¢nim selha-
nim a nedosahnou na uhradu ze zdravotniho pojisténi,
by méli alespori o této Iécebné moznosti védét, a sami tak
rozhodnout o tom, zda chtéji byt 1éceni v reZimu vlastni
Uhrady. Pé¢e o nemocné se srde¢nim selhanim by méla
byt dlouhodobé soustfedéna do specializovanych ambu-
lanci srde¢niho selhani.

Mezioborova spoluprace

Diabetes mellitus 2. typu, srdec¢ni selhdni a diabetické
onemocnéni ledvin ¢asto probihaji spolecné. Pro tyto pa-
cienty jsou glifloziny nadéjnou Ié¢bou, ktera mlze zlepsit
jejich progndzu. Klicem k tomu, aby tito pacienti byli dob-
fe a véas léCeni je mezioborova spoluprace a vzajemna
komunikace mezi diabetology, kardiology a nefrology.
U téchto pacientd mulze tésna spoluprace v ambulantni
péci vést ke zlepseni dostupnosti moderni farmakotera-
pie. Nabizi se zejména sdruzeni navstév u vice specialistl
- kardiologa, diabetologa, nefrologa — béhem jednoho
dne a vzdjemna oteviend komunikace s optimalizaci |é¢-
by, odpovidajici nejen doporucované |é¢bé, ale i aktualni-
mu hemodynamickému stavu, vyvoji metabolickych a led-
vinnych funkci.

Pfi nasazeni inhibitoru SGLT2 je potfeba posoudit
a mnohdy upravit ostatni diabetickou medikaci, zejména
posoudit riziko hypoglykemii, v pribéhu lé¢by pak moni-
torovat renalni funkce a krevni tlak. Opatrnost je namis-
té u pacientld s anamnézou diabetické ketoaciddzy, jejiz
riziko je pfi terapii glifloziny mirné zvyseno. Koordinace
lécby glifloziny s diabetologem vzhledem k jiz mnohale-
tym zkuSenostem s touto terapii je tedy velice dulezita.
Zvlastni pozornost pak vyzaduji i pacienti vy$siho véku
a pacienti polymorbidni, u nichZ je nutno peclivé monito-
rovat pribéh lécby.

Diskuse

Dapagliflozin je prvni z gliflozinl, u néhoz byl prokazan
pokles mortality a pokles hospitalizaci pro srde¢ni selha-
ni u pacientl s pfitomnym DM 2. typu i u nediabetik.
Dle vysledkl ze studie DAPA-HF byl tento ptiznivy efekt
pfitomen jiz nékolik tydnl po nasazeni dapagliflozinu,
a to u nemocnych s chronickym srde¢nim selhdnim se
snizenou ejek¢ni frakci, ktefi jiz byli 1é¢eni standardni

terapii srdecniho selhani, zahrnujici inhibitory angioten-
zin konvertujiciho enzymu/sartany, antagonisty minera-
lokortikoidnich receptord, ivabradin, sacubitril/valsartan
i u pacientl s implantovanym kardioverterem-defibrilato-
rem (ICD) nebo s resynchronizacni terapii. Navic byla te-
rapie dapagliflozinem provazena zvysenim kvality Zivota
a ustupem symptoma srdecniho selhani.’® Dapagliflozin
ma tedy potencidl do budoucna se stat zakladni soucasti
|éCby pacientl se srde¢nim selhanim.

Zaveér

Inhibitory SGLT2 jsou moderni antidiabetika s prokaza-
nym kardioprotektivnim a nefroprotektivnim ucinkem.
Zaroven jsou velmi Ucinna a bezpecna.

Na zakladé dostupné evidence z CVOT jsou inhibito-
ry SGLT2 (empagliflozin, dapagliflozin a canagliflozin)
doporuceny v terapii DM 2. typu u pacientd s pfitom-
nym kardiovaskuldrnim onemocnénim nebo se srde¢nim
selhanim nebo s diabetickym onemocnénim ledvin bez
ohledu na hodnotu HbA, .%°

Kardioprotektivni i nefroprotektivni ucinky gliflozint
jsou velmi komplexni a jsou pfitomny u diabetikd i ne-
diabetikl. Tento fakt rozsifuje moznosti vyuziti gliflozind
nejen jako antidiabetik, ale i jako |ékd v terapii a prevenci
srdecniho selhani a pfi zpomaleni progrese diabetického
i nediabetického onemocnéni ledvin.
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Article history: Uvod: Anastomotickd pseudoaneurysmata (APSA) jsou pozdni komplikaci cévnich rekonstrukci. Pfesna pre-

Submitted: 27. 10. 2020 valence APSA neni zndma, protoze mnoho pfipadd neni v literatufe publikovano. Ruptura APSA je viak

Revised: 12. 11. 2020 spojena s vysokou morbiditou a mortalitou.

Accepted: 17. 11. 2020 Metoda: Operacni vykon byl proveden v celkové anestezii. Byl proveden fez v levém tfisle soucasné s resekci

Available online: 29. 6. 2021 nekrotické kize nad APSA. APSA bylo peclivé vypreparovano s potvrzenim nélezu CT angiografie (CTA) -
masivni trombotizované APSA vystupuijici z distalni anastomdézy aortofemoralniho bypassu (AFB). APSA bylo

Klicovs slova: pIné resekovano. AFB byl ¢astecné resekovan a za pomoci protetického interpozitu prodlouZen. Spole¢né

Anastomotika stehenni tepna byla podvéazéna pod tfiselnym vazem.

Aortofemoralni bypass Vysledky: Pacient byl propustén 7. pooperacni den s nizkymi parametry zanétu. V soucasné dobé mame pa-

Pozdni komplikace cienta ve sledovani jedenéct mésicd. Pacient ma priichodnou cévni rekonstrukci bez zndmek anastomotické-

Pseudoaneurysma ho APSA na Dopplerové ultrasonografii.

Zavér: Nejcastéjsim mistem vyskytu APSA po AFB je femoralni oblast. Endovaskularni Iécbu Ize pouzit pouze
ve velmi vybranych pfipadech s velmi vysokym rizikem komplikaci souvisejicich s endovaskularnimi interven-
cemi.

© 2021, CKS.

ABSTRACT

Introduction: Anastomotic pseudoaneurysms (APSA) are late complications of vascular reconstructions. The
precise prevalence of APSA is not known, as many cases are not published in the literature. However, the
rupture of APSA is associated with high morbidity and mortality.

Method: The procedure was performed under full anesthesia. An incision was made in the left groin resect-
ing the necrotic skin above APSA. APSA was carefully dissected, confirming the CT angiography finding of
a massive thrombosed APSA arising from the distal anastomosis of the aorto-femoral bypass (AFB). The APSA
was fully resected. An extension of the AFB with the use of prosthetic vascular graft was performed. The
common femoral artery was ligated below the inguinal ligament. Necrotic skin from the groin was resected,
and the wound was closed with a patent vascular reconstruction.

Results: The patient was discharged on the 7th postoperative day with low infection’s parameters. Currently
we have eleven months of follow-up on the patient. The patient has a patent vascular reconstruction with-
out any signs of anastomotic APSA on Doppler’s ultrasonography.

Conclusion: The most frequent site of APSA occurrence after AFB is the femoral region. Endovascular treat-
ment can be used only in very selected cases with a very high risk of complications related to the endovascu-
lar devices.
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Anastomotic
Aortofemoral bypass
Late complication
Pseudoaneurysm
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Introduction

Anastomotic pseudoaneurysms (APSA) are late complica-
tions of vascular reconstructions. The precise prevalence
of APSA is not known, as many cases are not published
in the literature. However, the rupture of APSA is associ-
ated with high morbidity and mortality ranging from 20-
40%." Skourtis et al. demonstrated in his series of 49 pa-
tients that anastomosis in the femoral region is the most
frequent site for APSA formation.! The gold standard in
the treatment of APSA is open repair consisting of the
entire APSA resection followed by a vascular reconstruc-
tion. Endovascular modalities have limited applications in
APSA treatment.? Nevertheless, the management of APSA
especially in elderly polymorbid patients demands a mul-
tidisciplinary approach between interventional radiolo-
gists and vascular surgeons.?

Case presentation

An 86-year-old male patient was admitted into our center
with a suspected massive APSA in the left groin (Fig. 1).
Patients medical history revealed; left prosthetic aorto-
femoral reconstruction (AFB) 2003, full myocardial revas-
cularization for ischemic heart disease and mitral valve
repair in 2015, compensated arterial hypertension (WHO

Il. stage), atrial fibrillation, and chronic obstructive pul-
monary disease (lll. stage). Patients medical therapy upon
admission; aspirin, spironolactone, carvedilol, atorvas-
tatin.

Upon admission, the patient underwent a CT angiog-
raphy (CTA) revealing a massive 10 x 9 cm thrombosed
pseudoaneurysm in the distal anastomosis of the AFB in
the left groin (Fig. 2). Patient’s inflammatory parameters
were low (CPR: 19.5 mg/l, WBC: 4.5 x 10%I). Therefore,
an infection was ruled out as a cause of the APSA. A pro-
phylactic intravenous antibiotic’s treatment of Cefazolin
was started in the patient as no cultures were available
at the moment. The patient was scheduled for an open
emergency repair of the APSA due to its size and local
skin necrosis in the left groin.

The procedure was performed under full anesthesia.
An incision was made in the left groin resecting the ne-
crotic skin above APSA. APSA was carefully dissected,
confirming the CTA finding of a massive thrombosed
APSA arising from the distal anastomosis of the AFB. The
AFB above the APSA and femoral bifurcation were care-
fully dissected. Under full heparinization, vascular clamps
were placed on the AFB and femoral bifurcation. The
APSA was fully resected. An extension of the AFB with
the use of 7mm Silver graft (B. Braun Melsungen AG, B.
Braun Aesculap AG, Tuttlingen, Germany) prosthesis was
anastomosed to the femoral bifurcation (Fig. 3A). The

Fig. 1 - Anastomotic
pseudoaneurysm after aorto-
femoral bypass in the left
groin: local finding

Fig. 2 - CT angiography
showing thrombosed

8.9 x 10.5 cm anastomotic
pseudoaneurysm after aorto-
-femoral bypass in the left
groin.
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Fig. 3 - Periprocedural finding: (A) resected APSA, extension of AFB anastomosed to the femoral bifurcation using 7mm
Silver graft. (B) Dissected anastomotic pseudoaneurysm (APSA) after aorto-femoral bypass (AFB) in the left groin.

common femoral artery was ligated below the inguinal
ligament. Cultures were taken from the wound and the
AFB. Necrotic skin from the groin was resected, and the
wound was closed with a patent AFB (Fig. 3B).

The postoperative course was uneventful. All cultures
from the AFB and wound came negative. The prophy-
lactic intravenous antibiotic therapy with Cefazolin was
stopped on the 3™ postoperative day. The patient was
discharged on the 7t postoperative day with low infec-
tion’s parameters (CPR: 17 mg/l, WBC: 4.8 x 10%I). Pa-
tient’'s medication was unchanged to the medication
upon admission.

Currently we have eleven months of follow-up on the
patient. The patient has a patent vascular reconstruction
without any signs of anastomotic APSA on Doppler’s ul-
trasonography.

Discussion

APSA is a pulsatile mass formed by a leakage of blood
through a vascular anastomosis into the surrounding soft
tissues forming a hematoma with turbulent blood flow
with subsequent fibrous encapsulation.*

APSA after AFB is a severe vascular complication. The
timeframe for development of APSA is reported to be be-
tween 5 and 9 years after primary operation.>® The APSA
in the femoral region is very rare with an estimated prev-
alence of 0.8-2.2%.7 Skourtis et al. showed in his analysis
that femoral anastomosis was the most frequent site of
APSA formation after AFB. From all of the APSA formed
after AFB, 85.7% were present in the femoral region. The
associated mortality with an open emergency repair in
this series was 46.6%."

Overt time a structural degeneration of a graft in
a part of higher tensile stress, distal anastomosis of an
ABF, can increase the chance of APSA formation.® Takami
et al. demonstrated that Gelatin sealed knitted dacron
grafts frequently used for aorto-femoral reconstructions
have been reported to dilate over up to 10.5% within
five years.® Thus, possibly playing a role in an APSA for-
mation.

Until recently, the open repair had been the gold stan-
dard in the treatment of APSA. Emergency intervention

is crucial due to high mortality, high chance of APSA rup-
ture especially in large APSA with weekend/necrotic skin
above. Klonaris et al. reported the treatment of ruptured
femoral artery APSA in six patients using emergency per-
cutaneous covered stent deployment.’ However, the
placement of stent graft in the femoral region, especially
common femoral artery, is very risky as femoral artery
is the most frequent access site for endovascular proce-
dures."" The anatomical changes in the femoral artery
during movement pose a high risk of stent-graft fracture,
rupture and further arterial damage."

Conclusion

The presented case shows the successful treatment of
a giant APSA after AFB. The most frequent site of APSA
occurrence after AFB is the femoral region. Endovascular
treatment can be used only in very selected cases with
a very high risk of complications related to the endovas-
cular devices. Open repair of APSA is up-to-date consid-
ered to be the gold standard.
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Infekéni endokarditida je zdvazné onemocnéni s vyznamnym ovlivnénim morbidity a mortality. Je znamo,
Ze pacienti s bikuspidalni aortélni chlopni maji vy3si nachylnost ke vzniku infekéni endokarditidy. Absces
v aortomitralni kontinuité s intrakardalni pistéli je velmi vzacna a zdvazna komplikace infekéni endokardi-
tidy. Popisujeme pfipad 47letého muze s infekcni endokarditidou komplikovanou abscesem a intrakardialni
pistéli, jenz se prezentoval dusnosti a rozvojem srde¢niho selhdni s nutnosti urgentniho operacniho reseni.
© 2021, CKS.

ABSTRACT

Infective endocarditis is a serious disease with a significant effect on morbidity and mortality. Patients with
bicuspid aortic valve are known to be more prone to infective endocarditis. An abscess in aortomitral conti-
nuity with intracardiac fistula is a very rare and serious complication of infective endocarditis. We describe
the case of a 47-year-old man with infective endocarditis complicated by an abscess and intracardiac fistula
presenting with dyspnea and development of heart failure with a need for an urgent surgical solution.

Uvod

suprimovanych osob, intravenéznich narkomand, dale pak
starnuti populace a rozvoj rezistence bakterii na antibioti-
ka zpUsobuiji, Ze i pres zlepSovani zdravotni péce incidence

Infekéni endokarditida (IE) je zanétlivé postizeni endokar-
du srdecnich struktur, pfipadné kardiovaskularnich implan-
tatd zplsobené patologickymi mikroorganismy. Jedna se
o velmi zavazné onemocnéni s vysokou mortalitou u 20-30
% pripadl a incidenci v rozmezi 3-10 pfipadd na 100 000
obyvatel za jeden rok." Rostouci pocet invazivnich vykond,
naruast poctu umeélych implantdtd, zvysujici se pocet imuno-

a mortalita IE v poslednich dekadach neklesaji.>* Zakladem
konzervativni terapie IE je nékolikatydenni podavani anti-
mikrobidlnich 1éka podle vyvolavajiciho agens (baktericidni
antibiotika ¢i antimykotika) a symptomaticka terapie. Chi-
rurgickd intervence je indikovéna az v 30 % akutnich pfipa-
du, dalsich 20-40 % pripadd vyZzaduje operaci po vyléceni
infekce.* Nejcastéjsi indikaci je nezvladatelné srdecni selha-

Adresa pro korespondenci: MUDr. Jitka KGtova Stranska, Kardiocentrum, Krajska nemocnice Liberec, a.s., Husova 357/10, 460 63 Liberec,

e-mail: jitka.kutova@nemlib.cz
DOI: 10.33678/c0r.2021.002

Tento ¢lanek prosim citujte takto: Kitova Stranska J, Nedbal P, Vojacek J, et al. Infekéni endokarditida bikuspidalni aortalni chlopné komplikovana abscesem v aortomitrélni kontinuité

a intrakardialni pistéli. Cor Vasa 2021;63:382-385.



J. KGtova Stranska et al.

383

Obr. 1-TEE: CFM vyznamného zkratu z abscesové dutiny do levé siné
(Sipka 1). CFM vyznamné AR (Sipka 2). AR - aortalni regurgitace; CFM —
barevné dopplerovské mapovani; TEE - jicnovd echokardiografie.

ni v dusledku vyznamné insuficience destruované chlopné
a siteni infekce do okolni tkané s tvorbou abscest.> Vzacné
se mUlze absces Sifit dal do aortomitrdlni kontinuity, jesté
vzacnéji zde muze dojit k perforaci tkané se vznikem intra-
kardialni pistéle.

Kazuistika

Sedmactyfricetilety pacient s arterialni hypertenzi byl [é¢en
praktickym Iékafem antibiotiky pro suspektni pneumonii
doprovazenou hore¢kami. Po 14 dnech terapie byl paci-
ent jiz afebrilni, ale pro pretrvavajici ndmahovou dusnost
a trvaly mirny tlak v prekordiu byl odeslan k dovysetreni
na interni oddéleni spddové nemocnice. BEhem vstupni-
ho klinického vy3etreni byl pacient normotenzni, s nor-
malni saturaci krve kyslikem 98 %, afebrilni a bledého ko-
loritu. Dale byl pritomen stfedné hlasity systolicky Selest
s maximem v 2. mezizebfi parasternalné vpravo s propa-
gaci do karotid a tichy decrescendovy diastolicky Selest
slySitelny v Erbové bodé. Na vstupnim elektrokardiogra-
mu byla pfitomna sinusova tachykardie. V laboratornich
vysledcich dominovala mirna elevace zanétlivych para-
metrl (C-reaktivni protein 43 mg/l, leukocyty 15 x 10%1),
mikrocytarni hypochromni anémie s hodnotou hemoglo-
binu 86 g/l a dale vyssi hodnota vysoce senzitivniho tropo-
ninu | bez dynamiky béhem kontrolnich odbéra (35 ng/l
pfi hrani¢ni hodnoté 10 ng/l). Gastroskopie ozrejmila
portalni gastropatii a sonografie bficha pocinajici jater-
ni cirhézu. Pacient pfizndva abuzus 0,5 | destilatu denné
po dobu nékolika let. Na rentgenu srdce a plic nebyl pfi-
tomen zanétlivy infiltrdt v plicnim parenchymu, ale byly
pfitomny zndmky méstnani v plicnim obéhu. Pfi trans-
thorakdlnim vysetreni byl zjistén vlajici utvar na aortalni
chlopni velikosti 5x5 mm, minimalné stfedné vyznamna
aortalni regurgitace, dale byly zméreny vyssi pritokové
rychlosti na aortalni chlopni (V__ 3,4 m/s). Ejekéni frakce
levé komory srdec¢ni byla 60 % a pacient byl referovan
k jicnové echokardiografii na nase pracovisté.

Obr. 2 - TEE: Intrakardialni pistél z abscesové dutiny do levé siné
(Sipka 1). Vegetace (Sipka 2). TEE - jicnova echokardiografie.

Pro znamky kardialni dekompenzace byla zahajena
parenterdlni terapie diuretiky s dobrym efektem. Kulti-
vace z moci odhalila Staphylococcus aureus, proto byla
podana antibiotika dle citlivosti. Vysledek kultivace jed-
noho paru hemokultur odebraného z centralniho Zilni-
ho katétru byl hodnocen jako zavadéjici (Enterococcus
faecalis a Streptococcus epidermidis). Pacient byl odeslan
na nase pracovisté k dalSimu vysetreni. Jicnova echokar-
diografie odhalila bikuspidalni aortdIni chloperi destru-
ovanou vegetacemi s vyznamnou aortalni regurgitaci 4.
stupné a dale abscesovou dutinu v aortomitralni kontinui-
té (AMC), komunikujici z vytokového traktu levé komo-
ry (LVOT) do levé siné pistéli s vyznamnym zkratem (obr.
1, 2). Na zdkladé tohoto ndlezu byl u pacienta indiko-
van akutni kardiochirurgicky vykon na Kardiochirurgic-
ké klinice Fakultni nemocnice v Hradci Krélové. Selektiv-
ni koronarografie potvrdila normalni nalez na véncitych
tepnach. Po vykonu u pacienta doslo k akutni kardidlni
dekompenzaci, kterd pretrvavala i po diuretické terapii.
Proto bylo pfistoupeno k urgentnimu opera¢nimu feseni:
urgentni rekonstrukci aortalniho kofene, AMC a predni-
ho cipu mitrdini chlopné (hemi-Commando procedure).
Béhem vykonu v mimotélnim obéhu kardiochirurg od-
stranil veskeré infikované tkané, tedy bikuspidalni aor-
talni chlopen, anulus, AMC, ponechal zdravy volny okraj
predniho cipu mitrdini chlopné a cely zadni cip mitralni
chlopné. Poté implantoval aortomitralni homograft, do
kterého reimplantoval véncité tepny (obr. 3). Dle peri-
operadni jicnové echokardiografie byl homograft a napo-
jeni na predni cip mitrdIni chlopné bez vady, aviak byla
pfitomna minimalné stfedné vyznamna funkéni mitraini
regurgitace za dané situace k ponechani (obr. 4, 5). Po-
operacni pribéh byl komplikovany vyznamnou posthe-
moragickou anémii s nutnosti pfevodu krve a koncentrata
koagula¢nich faktort. Odpojeni od mimotélniho obéhu
probihalo s vazoaktivni a inotropni podporou. Kultivace
operacniho materidlu byla negativni, cilené PCR na DNA
meticilin senzitivni Staphylococcus aureus (MSSA) a meti-
cilin rezistentni Staphylococcus aureus (MRSA) bylo také
negativni, ale prokazalo pfitomnost Enterococcus faecalis.
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Obr. 3 - Aortomitralni homograft s pfednim cipem mitralni chlopné
(Sipka)

Antibiotické centrum doporucilo pokracovat v parente-
ralnim poddvani antibiotik ampicilinu a gentamicinu 3est
tydnt (1 gram ampicilinu kazdych 6 hodin a 160 mg gen-
tamicinu kazdych 24 hodin s Upravou davkovani dle jeho
hodnoty v krvi).

Diskuse

Intrakardialni pistél je vzacna a extrémné zavazna kom-
plikace infek¢ni endokarditidy, pfi které vznika intrakar-
didlni zkrat se svymi hemodynamickymi dusledky.® Dle
vysledkd retrospektivni multicentrické studie Anguery
a spol. zahrnujici 4 681 pacientd s infek¢ni endokarditi-
dou je incidence intrakardialnich pistéli 1,6 % ze viech
infek¢nich endokarditid na nativni chlopni (NVE) a 5,8 %
z infek¢nich endokarditid na protetické chlopni (PVE).”
Z vysledkl této studie déle vyplyva, Zze 87 % pacientd
muselo podstoupit chirurgickou intervenci a pooperac-
ni 30denni mortalita byla velmi vysokd (42 %). Intrakar-
didIni pistél byla asociovdna s perivalvularnim abscesem
az v 78 % pripadl. Vysledky této studie poukazuji jednak
na duleZitost vcasné detekce perivalvularnich abscest po-
moci jicnové echokardiografie a jednak na nutnost cilené
vyhleddvat absces u pacientl s PVE nebo NVE spojenou
s déletrvajici sepsi ¢i akutnim hemodynamickym zhorse-
nim. U vySe zminénych pacientd zdaraznuji véasnou chi-
rurgickou intervenci.

Chirurgickd intervence u takto komplikované infek-
¢ni endokarditidy, ktera narusuje AMC, vyzaduje radikalni
odstranéni veskeré infikované tkané. Jediné tak mlzeme
predejit rekurenci onemocnéni. Nasleduje komplexni na-
rocny kardiochirurgicky vykon s cilem obnovy integrity AMC
a funkce aortdlni a mitrdini chlopné, ktery prindsi nejvyssi
sanci na vyléceni.® Navzdory chirurgickym zkusenostem jsou
tyto vykony spojeny se zna¢nou mortalitou a morbiditou.

Dlouhodobéjsi vysledky kardiochirurgické terapie in-
fekcnich endokarditid komplikovanych infekci v AMC pfi-
ndsi Navia a spol. z Cleveland Clinic, ktefi v letech 1988
az 2011 operovali 138 takovychto pacientd.® Tato retro-
spektivni monocentricka studie porovnavala dvé skupiny
vykona. Prvni skupina zahrnovala ndhrady aortalni i mi-
tralni chlopné (Commando procedure), druha skupina

Obr. 4 - TEE: Napojeni volného okraje predniho cipu mitralni chlop-
né pacienta a pfedniho cipu mitralni chlopné homograftu (Sipka).
TEE - jicnova echokardiografie.

Obr. 5 - TEE: CFM stfedné vyznamné mitralni regurgitace ( Sipka 1).
Homograft bez vady (Sipka 2). CFM - barevné dopplerovské mapo-
vani; TEE - jicnova echokardiografie.

pak ndhrady pouze aortalni chlopné s plastikou mitralni
chlopné (hemi-Commando procedure), pficemz nahrada
aortalni chlopné byla v 94 % pomoci homograftu. Z vy-
sledkt je patrné, Ze pacienti podstupujici hemi-Comman-
do vykon méli nizsi pooperacni mortalitu (13 % vs. 24 %),
nizsi rekurenci IE po jednom roce a péti letech (5 % a 18 %
vs. 13 % a 23 %), méné reoperaci po jednom roce a péti
letech (7 % a 7 % vs. 17 % a 37 %) a lepsi dlouhodo-
bé preziti po péti a sedmi letech (64 % a 57 % vs. 40 %
a 35 %). Pouziti homograftu pfinasi dalsi vyhody — je vice
rezistentni k infekci'® a vice podobny nativni resekované
tkdni. To umoznuje lepsi rekonstrukci v kfehké, infikova-
né oblasti.” Vyse zjisténé poznatky tak mohou potvrdit
a doplnit platné doporucené postupy Evropské kardiolo-
gické spolecnosti ( ESC) pro Iécbu IE z roku 2015. V téchto
doporucenych postupech je zminéno, Ze ackoliv neexis-
tuji dikazy, Ze by oprava chlopné byla spojena s lepsimi
vysledky ve srovnani s jeji nahradou, v pfipadé vyskytu
abscesu je pouziti homograftu mnohymi odborniky
uprfednostfiovano.’ Pokud je tedy mozné pfi chirurgické
rekonstrukci zachovat mitrdini chloper a pouzit aorto-
mitrdlni homograft, mélo by to byt upfednostnéno pred
nahradou obou chlopni. Jedna se viak o technicky velmi
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Tabulka 1 - Stavy, pfi kterych je indikovana antibioticka profyla-

xe infekéni endokarditidy™

1. Pacienti s jakoukoli chlopenni protézou, véetné katetrizacné
implantované, nebo ti, u nichZ byl pouzit jakykoli proteticky
materidl k plastice srdecni chlopné

2.V minulosti prodélana infekéni endokarditida

3. Pacienti s VSV:
(a) Jakakoli cyanoticka VSV
(b) Jakykoli typ VSV korigované chirurgicky nebo katetrizacné
protetickym materidlem do Sesti mésicd od vykonu nebo
celozivotné, pokud zlstava rezidualni zkrat nebo chlopenni
regurgitace

VSV - vrozena srdecni vada.

Tabulka 2 - Vykony, pfi kterych je indikovana antibioticka

profylaxe infekéni endokarditidy

Druh vykonu Indikovana profylaxe IE

Stomatologicky
vykon

Vykon na ddsnich

Viykon v oblasti zubniho apexu

Viykon spojeny s perforaci sliznice ustni
dutiny

narocny vykon, ktery by mél byt soustfedén do specializo-
vanych center s bohatymi zkusenostmi.

Bikuspidalni aortalni chloper (BAV) je nejcasté;jsi vrozena
srde¢ni vada s prevalenci 0,5-2 % dospélé populace® a je
zndmo, ze pacienti s BAV maji vyssi vyskyt infek¢ni endikar-
ditidy (pfiblizné 2 % pacientl s BAV'Y). Na zakladé dopo-
ruceni evropskych i americkych odbornych kardiologickych
spolecnosti dochazi od roku 2008-2009 k zasadnim zménam
v antibiotické (ATB) profylaxi IE, a to vyznamné redukci uzi-
vani antibiotik.’>'® ATB profylaxe je v soucasné dobé dopo-
ruovadna pouze u nejrizikovéjsich stavl pfi nejrizikovéjsich
vykonech (tabulka 1, 2) a nedoporucuje se pacientim se
stfednim rizikem IE, tj. s jakoukoli formou vady na nativni
chlopni, véetné bikuspidalni aortaIni chlopné. Autofi argu-
mentuji tim, Ze jednak casté poddvani ATB pfispiva k narUstu
mikrobialni rezistence a dale zdUraznuji fakt, Ze prechodna
bakteriemie vznika dokonce pfi béznych dennich aktivitach
(Zvykani jidla, cisténi zubd a mezizubnich prostor), nejen pfi
stomatologickém vykonu.”'® Z vySe jmenovaného vyplyva
zdsadni doporuceni pro viechny pacienty: kvalitni dentalni
hygiena, pravidelné kontroly stomatologem a v¢asna sana-
ce infeké¢nich fokusa. Tyto ,jednoduché” postupy tak mo-
hou snizit vyskyt infek¢ni endokarditidy u pacientd s biku-
spidaIni aortalni chlopni.

Zavér

Nase kazuistika poukazuje na dullezitost vcasné detekce
perivalvuldrnich abscesd pomoci jicnové echokardiogra-
fie a v¢asné zahdjeni radikalni chirurgické intervence této
zavazné komplikace infek¢ni endokarditidy. Chirurgické
odstranéni veskeré infikované tkané spolu s nékolikaty-
denni antibiotickou terapii pfindsi jedinou Sanci na vylé-
Ceni. Pokud je mozné pfi chirurgické rekonstrukci zacho-
vat mitralni chlopen a pouzit aortomitralni homograft,
mélo by to byt upfednostnéno pred nahradou obou

chlopni. V prevenci vzniku IE u vSech pacientt jsou zasad-
ni kvalitni dentalni hygiena, pravidelné kontroly stoma-
tologem a vcasna sanace infek¢nich fokusu.

Prohlaseni autorti o mozném stretu zajmu
Autofi nemaji stfet zajma.
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Kazuistika | Case report

Gigantické aneurysma ascendentni aorty jako nahodny nalez
u pacienta s dekompenzaci chronického srde¢niho selhani

(Gigantic aneurysm of the ascending aorta as the coincidental finding by patient
with decompensated chronic heart failure)
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V kazuistice prezentujeme pfipad pacienta se zndmou tézkou systolickou dysfunkci levé komory, u které-
ho se diky projeviim kardidlniho selhani nové diagnostikovala pfitomnost gigantického aneurysmatu aorty
s vyznamnou regurgitaci. Stejné jako je v dnesni dobé diky dobre dostupnym zobrazovacim metodam raritni
nélez gigantického aneurysmatu ascendentni aorty, tak je také toto onemocnéni vzacnou pficinou srdecni-
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ABSTRACT

In the case report the case of patient with a very well-known severe systolic dysfunction of the left ventricle
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Heart failure

Uvod

Aneurysma hrudni aorty se vyskytuje nejcastéji v jeji ascen-
dentni ¢asti. Pacienti byvaji mnohdy zcela asymptomaticti,
proto se muze aneurysma klinicky poprvé manifestovat
az komplikacemi, ze kterych jsou nejobdvanéjsi disekce
nebo ruptura aorty. Incidence tohoto onemocnéni je vyssi
U muzul nez u zen a stoupa s vékem."V dnesni dobé je diky
dobré dostupnosti zobrazovacich metod nélez gigantic-
kych aneurysmat raritni.

Kazuistika

Triasedmdesatilety polymorbidni kardiak s dilatacni kar-
diomyopatii (DKMP) se znamou téZzkou systolickou dys-
funkci levé komory, bez chlopennich vad, na nasem praco-
visti naposledy hospitalizovan pred ¢tyfmi lety pro projevy

is being presented. The same patient has been diagnosed with presence of the gigantic aneurysm of the
aorta with significant regurgitation because of show symptoms of heart failure.

Nowadays thanks to well-available imaging methods it is rare to diagnose the gigantic aneurysm of aorta.
This disease is also uncommon cause of heart failure.

srde¢niho selhani, byl pfijat pro tfitydenni anamnézu pro-
grese ndmahové dusnosti a otoky dolnich koncetin, bez
bolesti na hrudi. Na EKG je vstupné zachycena permanent-
ni fibrilace sini s pfimérenou odpovédi komor, Usek ST bez
signifikantnich repolariza¢nich zmén. V laboratofi pozi-
tivnim kardiomarkerdm dominuje vysoka hodnota natri-
uretického peptidu typu B (BNP 1 791 ng/l) s nespecificky
zvy$enou hodnotou troponinu (hs-cTnl 23 ng/l).

Ve srovndni s rentgenovym snimkem plic pfed ¢tyrmi lety
je zobrazena ndpadna dilatace srde¢niho stinu (obr. 1, 2).

Po provedeni transtorakalni echokardiografie s ndlezem
dilatovanych srdecnich oddilu s tézkou dysfunkci levé komo-
ry byla nové diagnostikovana i extrémni dilatace aortalniho
korene (maximum 87 mm) s vyznamnou aortalni regurgitaci,
dale i stfedné vyznamnd mitralni a trikuspidalni regurgitace
(obr. 3, 4). Na dopInéné CT angiografii (CTA) aorty je potvr-
zena dilatace bulbu az 90 mm (obr. 5, 6). Pacient byl nasled-
né prezentovan heart tymem s indikaci k opera¢nimu feseni

Adresa pro korespondenci: MUDr. Katefina Bazantovd, Kardiologie, Méstska nemocnice Ostrava, Nemocnicni 898/20A, 728 80 Ostrava-Moravska Ostrava,

e-mail: horakova.catika@seznam.cz
DOI: 10.33678/c0r.2020.118

Tento ¢lanek prosim citujte takto: BaZzantové K, Novobilsky K, Kaucak V, Kis V. Gigantické aneurysma ascendentni aorty jako nahodny nalez u pacienta s dekompenzaci chronického

srde¢niho selhani. Cor Vasa 2021;63:386—389.



K. Bazantova, K. Novobilsky, V. Kaucak, V. Ki$ 387

Obr. 4 - Transtorakalni echokardiografie, parasternalni projekce -
aortalni regurgitace, aneurysma ascendentni aorty, dilatace levé
komory, dilatace levé siné (Ao - ascendentni aorta, LK - levd komo-
ra, LS - leva sin)
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35.2 x 28.7-cm

Obr. 2 - Rentgenovy snimek plic z roku 2019 s napad- Obr. 5 - CT angiografie srdce a aorty - gigantické aneurysma ascen-
nou dilataci srdecniho stinu dentni aorty

Obr. 3 - Transtorakalni echokardiografie, parasternalni projekce - E— o .
aneurysma ascendentni aorty, dilatace levé komory, dilatace levé Obr. 6 - CT angiografie srdce a aorty, 3D rekonstrukce -
siné (Ao - ascendentni aorta, LK — levd komora, LS - leva siri) gigantické aneurysma ascendentni aorty
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Obr. 7 - Transtorakalni echokardiografie, modifikovana paraster-
nalni projekce - pfiznivy pooperacni nalez (Ao - ascendentni aorta,
LK - leva komora, LS - leva sin)

s provedenim nahrady aortalni chlopné a ascendentni aorty
kompozitnim graftem s bioprotézou s reimplantaci Usti ko-
ronarnich arterii (operace podle Bentalla),? plastiky mitralni
chlopné prstencem a resekci ouska (obr. 7). Vykon i poope-
racni pribéh se obesly bez komplikaci.

Diskuse

Aneurysma aorty je oznaceni pro lokalizované rozsifeni
tepny presahujici o vice nez 50 % predpokladany normal-
ni rozmér.2 Maximalni rozsah aneurysmatu o velikosti 10
c¢m jiz definuje aneurysma gigantické.* Etiologie onemoc-
néni zUastava multifaktorialni, ale zatimco hlavni pfricina
abdominalnich aneurysmat se tykd aterosklerézy, pavod
aneurysmat v oblasti hrudni aorty je davan do souvislosti
s cystickou degeneraci stfedni vrstvy aortalni stény. Cys-
ticka degenerace je nezanétlivy proces, ktery se projevuje
ubytkem elastickych vlaken a hladké svaloviny nebo po-
ruchou jejich funkce v tunica media, nasledkem ¢ehoz se
snizuje pruznost a poddajnost aorty.’> Oslabeni aortalni
stény vede nasledkem vysokého intraluminalniho tlaku
k jejimu rozsifovani. Onemocnéni muze dlouho probi-
hat bezpfiznakové, proto Ize diagnostikovat aneurysma
aorty jako vedlejsi ndlez béhem vysetieni z jiné indikace.
S postupnym rozsifovanim rozméru aorty se aneurysma
mUze projevit pfiznaky z utlaku okolnich organd, napf.
chrapotem, kaslem, poruchami polykani ¢i bolesti na hru-
di, nebo méné casto pfi dilataci aortalniho prstence jako
projev srdecniho selhani pri sekundarni nedomykavosti
aortalni chlopné. Dle guidelines je indikovana chirurgic-
ka lé¢ba ascendentni aorty u vSech pacientd pfi maximal-
ni Sifce > 55 mm. Pfi rozméru 50 mm by mél byt indikovan
vykon u pacientt s Marfanovym syndromem, na zvazeni
je intervence pfi této hrani¢ni hodnoté u pacientu s dal-
$imi rizikovymi faktory, jako je napfiklad arteridlni hy-
pertenze ¢i koarktace aorty. Dale u pacientl s narlstem
Sife o vice nez 3 mm/rok, s téZkou aortdlni regurgitaci,
rodinnou anamnézou disekce nebo u Zen planujicich té-
hotenstvi by méla byt zvazena indikace jiz pfi maximalni
$ifce 45 mm.b Pétileté riziko ruptury v souvislosti s maxi-
malnim rozmérem aorty se udavd 0 % pfri velikosti mensi

nez 4 cm, 16 % pfi rozsahu 4,0-5,9 cm a 31 % pro aneu-
rysma 6 cm a vétsi.” Vice nez polovina pacientl s rupturou
hrudniho aneurysmatu umira mimo nemocnici, v prvnich
Sesti hodinach je umrtnost az 54 % a za 24 hodin dokonce
az 76 %.8Co se tyka dalsi obadvané komplikace, odhaduje
oxfordska cévni studie vyskyt aortdIni disekce 6 : 100 000
obyvatel/rok, coz by v pfipadé Ceské republiky pfi pFe-
poctu na obyvatelstvo znamenalo pfiblizné 600 pFipadu
ro¢né.? Onemocnéni se obvykle manifestuje krutou boles-
ti na hrudi, dle Mezindrodniho registru akutni aortdlni
disekce se z celkového poctu vyskytuje pfiblizné 6,3 %
pacientu, u kterych probiha bezbolestna forma disekce.
Chirurgicky se lokalizované aneurysma ascendentni aorty
resi nahradou postizené casti protézou. V pripadé dilata-
ce aortalniho korene se sekundarni aortalni insuficienci
je spole¢né s aortou nahrazena i aortdlni chlopen (ope-
race podle Bentalla). V nékterych pripadech je mozné
provést zadchovnou operaci s rozsitenim o nahradu dila-
tované aorty cévni protézou (operace dle Yacouba nebo
Davida).""2 Pro vysoce rizikové pacienty je mozné zvazit
za specifickych podminek moznost endovaskularniho pfi-
stupu za pomoci stentgraft (thoracic endovascular aor-
tic repair, TEVAR )."?| pres zlepseni vysledkd chirurgické
korekce hrudni aorty za posledni tfi desetileti je 30denni
mortalita stdle 5-10 %. Z komplikaci v souvislosti s vyko-
nem je udavan vyskyt cévni mozkové pfihody 3-6 % a se-
Ihani ledvin 2-10 %."

Zaveéer

Dekompenzaci chronické kardidlni insuficience u pa-
cienta z kazuistiky hodnotime jako kombinaci vyznamné
systolické dysfunkce levé komory pfi znamé DKMP a vy-
znamné regurgitacni vady na aortalni chlopni. Prevalence
srdecniho selhani v dospélé populaci pramyslové rozvinu-
tych zemi je pfiblizné 1-2 %, u osob ve véku > 70 let se
zvySuje na hodnotu > 10 %."* Aneurysma aorty s vyznam-
nou regurgitaci je vzacnou pfricinou srdecniho selhani.
Navic absence specifickych symptomu pro toto onemoc-
néni muze vést k prodlevé diagnostiky aneurysmatu aorty
a tim ohroZeni pacienta na zivoté, protoze mortalita pfi
zavaznych komplikacich je extrémné vysoka.
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ABSTRACT

Coronary artery embolism is an uncommon cause of acute myocardial infarction. We present a case of
a 22-year-old patient with double inlet left ventricle (DILV), ventricular septal defect and pulmonary steno-
sis after Fontan repair with an acute embolic inferior ST-segment elevation myocardial infarction (STEMI).
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Myocardial infarction a Fontan circulation. Up to date, there is no consensus that anticoagulation therapy with warfarin is superior
Trombembolic event to aspirin in primary prevention of thromboembolism in patients with Fontan circulation.
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Introduction

Fontan circulation is associated with a higher risk of
thromboembolic events. However, the incidence of em-
bolic myocardial infarction (MI) is very rare. We represent
a unique case of a young patient after fenestrated Fon-
tan repair, presenting with embolic inferior STEMI. The
antithrombotic treatment strategy plays a pivotal role in
primary and secondary prevention of thromboembolism.

Case report

We report a case of a 22-year-old woman with double
inlet left ventricle, pulmonary stenosis, and ventricular
septal defect who underwent superior cavo-pulmonary
shunt (Glenn) at the age of one year and atrio-pulmo-
nary (Fontan) connection at the age of 4 years. Recu-
rrent supraventricular tachycardia necessitated multiple
electrophysiological studies, which led to ablation of the
posteroseptal accessory pathway at the age of 11 years.

In 2017, she referred to the emergency department for
acute chest pain radiating to the neck. Examination sho-
wed no signs of heart failure, blood pressure was 100/60
mmHg. The ECG showed significant ST segment elevati-
ons in limb leads II, 1l and aVF (Fig. 1).

A transthoracic echocardiogram (TTE) revealed pre-
served left ventricular ejection fraction (LVEF 50%), hy-
pokinesis of inferior wall, trivial mitral and tricuspidal
regurgitation, suspicion of thrombus formation of wi-
dth 5 mm and length 38 mm in inferior vena cava (IVC)
(Figs 2, 3). Her chronic medical therapy included sotalol
(2x 80 mg) and acetylsalicylic acid (1x 100 mg). She was
transported to the East Slovak Institute of Cardiovascu-

lar Diseases and was medicated according to the STEMI
guidelines with heparin and dual antiplatelet therapy.
Her creatine kinase peaked to 5.72 pkat/l, MB fraction of
creatine kinase peaked to 0.46, high sensitive troponin
T (hsTn-T) peaked to 0,390 pg/l. NT-proB-type natriure-
tic peptide was 137,8 pg/ml and D-dimers 0,36 mg/Il. The
complete blood count was normal. The patient’s sym-
ptoms, TTE findings with regional wall motions abnor-
malities and elevation of hsTn-T over 99 percentile were
consistent with the definition of acute STEMI. Selective
coronary angiography showed normal findings. No coro-
nary artery anomalies were detected (Fig. 4) which rai-
sed the possibility of spasm or thromboembolism. Serial
electrocardiograms showed the typical changes of acute
myocardial infarction (Fig. 5).

Ultrasonographic examination of lower extremities
ruled out the possibility of deep venous thrombosis.
Cardiac magnetic resonance imaging (CMR) was perfor-
med and revealed a patent Fontan pathway, however
no thrombus was detected and the pulmonary arbori-
zation was normal. The left ventricular ejection fraction
was 50%, but the late gadolinium enhancement sho-
wed post-ischemic changes after transmural myocardial
infarction of the inferior wall (Fig. 6). The patient had
a complete hematological examination, which excluded
thrombophilia. Recommended therapy on discharge
was: acetylsalicylic acid 100 mg, clopidogrel 75 mg, pro-
ton pump inhibitor 20 mg, sotalol 2x 80 mg, cardilan 175
mg and atorvastatin 80 mg. Because of the second type
of MI and the thrombus formation in IVC documented
during the first TTE, antithrombotic therapy was chan-
ged in outpatient care for warfarin. During the three
years of follow-up, the patient has no signs of thrombo-
tic recurrence.

Fig. 1 - ECG showed signs of inferior STEMI.

Fig. 2 - Echocardiography - four-chamber view.

Fig. 3 - Echocardiography - thrombus formation located in inferior
vena cava.
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Fig. 4 - Selective coronary angiography - normal finding.

Fig. 6 - Cardiac magnetic resonance imaging (MRI), the late gado-
linium enhancement showed the signs of past inferior transmural
ischemia.

circulation are surviving into adulthood. However, due to
the abnormal circulation, they have an increased risk of
complications. The frequent late complications are arrhy-
thmias, thromboembolism, protein-losing enteropathy,
heart failure and plastic bronchitis.>*

The most common etiological factors of thromboem-
bolism are endothelial dysfunction, abnormal blood flow,
hypercoagulability, presence of a right-to-left shunt.> The
recognised locations of thrombus embolisation are caval
veins, right atrium, pulmonary artery, venous chamber
and cerebral arteries.® M| due to embolic occlusion of co-
ronary arteries post-Fontan surgery is very rare and was
described only in a few patients; with repaired hypoplas-
tic left heart syndrome, with history of double outlet right

———

Fig. 5 - ECG after selective coronary angiography.

Discussion

The Fontan procedure was first performed in 1968 in
a patient with tricuspid atresia and has transformed the
lives of children born with single-ventricle physiology.!
The earlier Fontan connected the right atrial appendage
to the pulmonary artery (PA). The current procedure is an
extracardiac conduit going from the inferior vena cava
to the PA, and a Glenn connection joining the superior
vena cava to the right PA.2 Most of patients with Fontan

ventricle, with ventricular septal defect, with pulmonary
atresia and severe right heart hypoplasia who underwent
extra-cardiac Fontan operation. Table 1 shows a summary
of published case reports dealing with this topic.

We present a unique case of inferior embolic STEMI
in a 22-year-old patient with fenestrated Fontan circula-
tion due to double inlet left ventricle, ventricular septal
defect and pulmonary stenosis. The potential source of
embolism was the thrombus formation located in the
IVC. We suppose that after the heparin and dual antipla-
telet treatment in the acute phase of MI, the coronary
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Table 1 - Summary of case report’s findings of embolic Ml incidence after Fontan procedure

Author Basic diagnosis before FP Type of MI Age in Antitrombotic treatment  Recurrence of
admission  used before admission/ trombembolic
after discharge event reported
Hastings et al.™ Pulmonary atresia, severe right Inferior STEMI 19 yo Aspirin/Combined aspirin ~ No
heart hypoplasia and warfarin therapy
Deshpande et al.””  Tricuspid atresia, coarctation of Anterolateral 17 yo NA/NA NA
the aorta, single ventricle STEMI
Subahi et al." Hypoplastic left heart syndrome Anterolateral 10 yo Aspirin/aspirin, clopido- No
STEMI/the only grel and warfarin
one with stent
implantation
Shamoon et al."” Hypoplastic left heart syndrome Inferolateral 24 yo NA/aspirin, ticagrelol and ~ NA
STEMI warfarin
Noonan et al.™ Hypoplastic left heart syndrome Inferior STEMI 3 yo None/aspirin and warfarin  NA
Wilson et al.™ Atresia of tricuspid valve, ventricu- Anterior STEMI 3 yo Aspirin/low dose aspirin Yes
loparterial discordance, coarcta- and warfarin
tion of the aorta
Meier et al.? Double outlet right ventricle, Lateral STEMI 21yo NA/NA NA

ventricular septal defect and
straddling atrioventricular valves

MI — myocardial infarction; FP — Fontan procedure; NA - not available; STEMI - ST segment elevation myocardial infarction; yo - years old.

bed was without any residual thrombotic occlusions. Mo-
reover, MRI and ultrasound examinations did not confirm
any residual vascular or intracardiac thrombus formation.
However, late gadolinium enhancement showed post-is-
chemic signs of inferior transmural MI. The thrombus for-
mation could have been caused by the sluggish circulation
and stagnation as a result of the absence of the right vent-
ricular pump. Alterations of coagulant factors are also one
of the explanations, but the hematological examination
did not reveal any anomaly. To date, however, there has
been no reported difference in the incidence of thrombo-
tic events between fenestrated and non-fenestrated Fon-
tan circuits in recent trials.” Based on the patient’s medical
records obtained from her pediatrician, she underwent
indicated fenestrated Fontan procedure. Fenestration
of Fontan circuit decreases postoperative morbidity and
mortality rates in high-risk patients. It appears to result in
a lower incidence of arrhythmia. Moreover, baffle fenest-
ration performed at the time of Fontan surgery improves
short-term outcomes in standard-risk patients by decrea-
sing pleural drainage, length of hospital stay, and need
for additional postoperative procedure.®® The closure of
Fontan fenestration was not indicated. A persistent fenes-
tration may be a benefit, as lower central venous pressure
may decrease the risk of exercise intolerance, protein lo-
sing enteropathy, plastic bronchitis and bradyarrhythmi-
as. In previous publications, fenestration closure was not
associated with higher event-free survival.?

The thromboprophylaxis after Fontan repair is very im-
portant to prevent thromboembolism.!" Up to date, there
was no significant evidence proving that anticoagulation
with warfarin is superior to aspirin preventing thrombo-
embolic events in patients with Fontan circulation.'*'* Ho-
wever, in our case, there was thrombus formation, while
on antiaggregation monotherapy with aspirin. Therefo-
re, the treatment with warfarin was started and during

a period of three years of anticoagulation therapy, there
was no evidence of any thrombotic recurrence. Anticoa-
gulation monotherapy was chosen instead of simultane-
ous treatment with warfarin and aspirin used in previous
reported cases, because of the higher risk of bleeding. In
case of future recurrence of thromboembolism despite
adequate antithrombotic treatment, the consideration of
fenestration closure may be needed in secondary preven-
tion of other embolic episodes. Specific fenestration man-
agement guidelines might help in future decision making.

Conclusion

The main goal of this case report is to highlight the poten-
tial need of anticoagulation therapy instead of antiplatelet
treatment in primary and secondary prevention of thrombo-
embolic complications after Fontan repair. There is a need
for a large multicentered randomized control trials compa-
ring the two treatment strategies and focusing on the per-
spective of new oral anticoagulants. Secondary, we want to
emphasize, that acute Ml of embolic origin is one of the very
rare and life threatening complications of Fontan circulati-
on, even in very young patients, regardless of the primary
diagnosis requiring Fontan operation in childhood.
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Celosvétovy ndrlst poctu implantovanych zatizeni zvySuje potrebu Skoleni a vycviku v oblasti implantace
kardiostimulatort a implantabilnich kardiovertert-defibrilatord. | kdyz existuji mezinarodni doporuceni pro
indikovani a programovani téchto zafizeni, zatim nebylo dosazeno konsenzu ohledné techniky implantace.
Tento dokument je vysledkem systematické reserse a prehledu literatury a konsenzu mezinarodni pracovni
skupiny. Jeho cilem je vyplnit tuto mezeru vypracovéni standard( pro implantaci uvedenych zatizeni.

ABSTRACT

With the global increase in device implantations, there is a growing need to train physicians to implant pace-
makers and implantable cardioverter-defibrillators. Although there are international recommendations for
device indications and programming, there is no consensus to date regarding implantation technique. This
document is founded on a systematic literature search and review, and on consensus from an international
task force. It aims to fill the gap by setting standards for device implantation.

Uvod

Rozsah dokumentu

Podle Bilé knihy Evropské asociace srde¢niho rytmu (EHRA)
z roku 2017 se v ¢lenskych zemich Evropské kardiologic-
ké spolecnosti (European Society of Cardiology, ESC) za
obdobi poslednich deseti let zvysily pocty implantaci kar-
diostimulatort (KS) o 20 % a implantabilnich kardiover-
ter-defibrilatord (ICD) o 44 %. Proto stédle vic nabyva na
vyznamu Skoleni a vycvik kardiologl implantujicich tyto
systémy. Jak prokazaly niZii pocty — ve srovnani s ostatni-
mi specializacemi — nemocni¢nich a dlouhodobych kompli-
kaci vykonU provadénych elektrofyziology, vedou radné
Skoleni a vycvik v oblasti implantacnich technik ke zlep-
$eni dlouhodobého vysledného stavu pacientt. Zakladni
osnovy pro specialisty v oboru poruch srde¢niho rytmu
a certifika¢ni zkouska EHRA predstavuji rdmcovy ucebni
plan pro pozadovanou délku Skoleni a vycviku, objem vy-
kond a zhodnoceni znalosti, nezabyvaji se vsak konkrétné
zru¢nosti operatérd z hlediska techniky implantace uve-
denych zafizeni. Prizkum, ktery provedla EHRA na téma
preferovanych nastroji a technik implantace srdec¢nich
elektronickych zatizeni, prokdazal zna¢nou heterogenitu
v praktickém provadéni téchto vykonl v ramci Evropy.
To ukazuje na dosud opomijenou nutnost definovat op-
timalni praxi pro implantaci uvedenych zafizeni. Cilem
tohoto dokumentu je pfinést aktudlni doporuceni pro

nejvhodnéjsi techniku implantace standardnich KS a ICD
na zakladé publikovanych dikazd a konsenzu expertl ve
snaze nabidnout navod pro 3koleni a vycvik i klinickou
praxi zaméreny na zlepseni vysledného stavu pacienta.
Konkrétni témata, jako jsou bezelektrodova stimulace,
stimulace prevodniho systému, srdecni resynchronizacni
terapie, subkutanni ICD a pfistrojova terapie u déti a paci-
entd s vrozenym srde¢nimi vadami, nejsou v tomto doku-
mentu probirany.

Metodologie

Tento konsenzualni dokument EHRA je vysledkem sys-
tematické reserse a prehledu literatury. M. B. provedI re-
Serse v elektronickych databdazich PubMed, Embase, Web
of Science a Cochrane s cilem vyhledat full-textové verze
plvodnich ¢lankd a kazuistik v anglicting, publikovanych
v obdobi mezi 1. lednem 2000 a 20. bfeznem 2020 a tyka-
jicich se implantace transvendznich KS a ICD. Dalsi odkazy
vyhledali ru¢né a ziskali prohledavanim literatury uvede-
né v ¢lancich spoluautofi H. B. a C. S. Z celkového poctu
4 108 vybranych ¢lankt vloZzenych do platformy Covidence
(Melbourne, Australie) jich nakonec H. B. a C. S. vybrali
477.

Doporuceni vychazeji ze sily dakazt a konsenzu, jak
ukazuje tabulka 1. VSechna doporuceni prosla hlasovanim
s alespon 75% pozadovanou shodou pro dosazeni kon-
senzu pro udéleni zelenych a ¢ervenych srdicek.
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Tabulka 1 - Kategorie hlavnich zésad v ramci konsenzu

Zasady v ramci konsenzu Definice Symbol
Doporucuje se/je indikovéano nebo Védecké dikazy, Ze lé¢ba nebo vykon je pfinosnd a ucinna, v
.je tfeba/nutno udélat” nebo je Ize na zdkladé konsenzu autor( silné doporucit
Lze udélat nebo doporucit Obecnd shoda a/nebo védecké dikazy hovofi ve prospéch uzite¢nosti/
Ucinnosti 1écby nebo vykonu
NEsmi se pouzit a NEdoporucuje se Existuji védecké dlikazy nebo panuje obecna shoda, Ze se |écba nebo v

vykon nema pouzivat nebo se nedoporucuje

Duikazy: E - ndzor expertd; M — metaanalyza; O — observacni studie; R - randomizované studie.

Tabulka 2 - Predoperacni pfiprava: polozky k tivaze

Anamnéza
Symptomy

Konicky/zéjmy (napf. lov atd.) / profese (riziko urazu, mechanické poskozeni elektrody, EMI, specidlni povolenky atd.)

Medikace (antikoagulancia, antiagregancia atd.)
Pro vyménul/revizi/upgrade: typy konektor(, obstrukce zil

Komorbidity (diabetes — pfizplsobit davku inzulinu, ¢asné nacasovéani vykonu; predchozi radioterapie v oblasti hrudniku, lé¢ba karci-
nomu prsu, hemodialyza — implantace do protilehlé strany; demence — opatieni ohledné péce o ranu; CHOPN — uvazlivé poddvani
kysliku pro riziko hyperkapnie; pfitomnost permanentnich katétrd nebo stimulacnich elektrod, kardiochirurgicky vykon v anamnéze,

infekce implantatu v anamnéze atd.)

Posouzeni pacientovych obav a preferenci (napf. kosmetickych aspektt)

Pozadavek na MR-kondicionalitu (v¢etné 1,5T nebo 3T kondicionality)

Alergie (antibiotika, jod, ¢asti zatizeni, napt. silikon, titan atd.)
Lékova intolerance (opiaty, sedativa)
Vysledky test

Vysetieni krve (hematologie, INR, pokud uziva VKA, renalni funkce, elektrolyty)

EKG (zakladni rytmus; LBBB — riziko srdec¢ni blokady v dusledku poranéni nebo potieba CRT)

Holterovska monitorace, je-li dostupna (funkce sinu, postizeni AV prevodu)

Zatézové vysetreni, je-li dostupné (tolerance zatéze, chronotropni inkompetence, atrioventrikularni prevod vzrucht)

Zéaznamy z echokardiografického vysetieni, je-li k dispozici (EF LK, velikost srdecnich dutin, prikaz PLSVC pfi dilatovaném CS, tézka

trikuspidalni regurgitace)

Vysledky rentgenového vysetieni srdce a plic, jsou-li k dispozici (morfologické abnormality, pro srovnani s poopera¢nim rentgenovym

vySetienim srdce a plic)

Dalsi aspekty

Nacasovani (hladovéni diabetikll pred vysetfenim, dialyza atd.)
Pozadované dovednosti a zru¢nost/zkuSenosti operatéra

Dostupnost potfebného materialu a odpovidajiciho skiaskopického vysetfeni

Dostupnost potfebného podptrného persondlu
Podminky/prosttedi pro chirurgicky vykon

AV - atrioventrikularni; CIED - elektronické implantabilni zafizeni v kardiologii (cardiac implantable electronic device); CRT - srdecni

resynchronizacni |écba; CS - koronarni sinus; EF — ejek¢ni frakce; EKG - elektrokardiogram; EMI - elektromagnetickd interference; CHOPN
- chronicka obstrukéni plicni nemoc; INR — mezinarodni normalizacni pomér; LBBB - blokada levého raménka Tawarova; LK - leva komora;
MR - magnetickd rezonance; PLSVC - perzistujici levostranna horni duté Zila (persistent left superior vena cava); VKA - antagonista vitami-

nu K.

Obecné aspekty

Predoperacni priprava
Jako prvni krok je nutno znovu posoudit indikaci a pro-
vést analyzu rizik a pfinosu pro kazdého pacienta. K tomu
je tfeba mit k dispozici uplnou anamnézu, prehled labo-
ratornich vysledkl a vysledky vysetfeni zobrazovacimi me-
todami i znalost soucasnych doporucenych postupt (gui-
delines). Seznam jednotlivych polozek k Uvaze je uveden
v tabulce 2.

Jako nutny predpoklad pro implantaci srde¢niho im-
plantabilniho elektronického zafizeni (cardiac implanta-

ble electronic device, CIED) nesmi byt pacient v aktivni fazi
infekce a musi byt afebrilni po dobu > 24 h. Profylaxi an-
tibiotiky je nutno provadét ve vsech pripadech (podavat
napt. cefazolin v davce 1-2 g nebo flucloxacilin v dévce
1-2 g do jedné hodiny od incize nebo v pfipadé alergie
nebo vysoké pravdépodobnosti pfitomnosti rezistentnich
patogend vancomycin v ddvce 15 mg/kg béhem 90-120
min). Konkrétni opatfeni pro prevenci infekce CIED jsou
podrobné uvedena v konsenzualnim dokumentu, ktery
nedavno publikovala EHRA.

Pacienti s antikoagulac¢ni a/nebo protidestickovou lécbou
vyzaduji specidlni posouzeni, protoze hematom v oblasti
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Tabulka 3 - Perioperacni podavani antikoagulancii a protidestickovych Iékt

Dualni antiagregacni lécba DOAC

VKA OAC + protidestickové léky

AKS pfi PCl nebo jiné vysoce rizikové okolnosti?

Ne Ano
< 1 mésic < 6 mésich Pokracovat nebo prerusit Pokracovat (nebo zvazit Pokracovat s OAC (VKA
Pokracovat Pokracovat s DAPT (Ize podle preference operatéra vysazeni) bez prekonani nebo DOACQ)
s DAPT zvazit vysazeni inhibitoru  a/nebo rizika tromboem- doby do vykonu podavanim

P2Y,,, pokud 1-6 mésici)  bolie heparinu, pokud CHA,DS,

-VASc < 3)

> 1 mésic
Pokracovat
v |écbé
kyselinou
acetylsalicylovou
+ > 6 mésicl Pokud preruseni, pak na Vysadit protidestickovy lék
vysadit inhibitor  Vysadit inhibitor P2Y° zakladé CrCl a konkrétniho podle analyzy rizik/pfinosu
P2y f DOAC pro daného pacienta

Doporuceni pro inhibitory P2Y,, na zakladé citace, u DOAC na zakladé citace, u VKA na zakladé citace (konkrétni citace viz originaini text).
2Predchozi trombdza stentu pii dostatecné protidestickové 1é¢bé; implantace stentu do posledni zbyvajici priichodné tepny; difuzni posti-
Zeni nékolika tepen, zvlasté u diabetik(; clearance kreatininu < 60 ml/min; > tfi implantované stenty; > tfi o3etfené léze; bifurkace pfi dvou
implantovanych stentech; celkova délka stentl > 60 mm; lé¢ba chronického totalniho uzavéru.

bTicagrelor > 3 dny pied vykonem; clopidogrel > 5 dni pfed vykonem; prasugrel > 7 dni pfed vykonem. Podéavani obnovit co nejdrive (do 48

hodin).

ACS - akutni koronarni syndrom; CrCl - clearance kreatininu; DAPT — dudlIni protidestickova lé¢ba; DOAC - pfimé peroralni antikoagulanci-
um; OAC - peroralni antikoagulancium; PCl - perkutanni koronérni intervence; VKA - antagonista vitaminu K.

kapsy zvysuje riziko infekce. U pacientu s fibrilaci sini (FS)
jiné nez revmatické etiologie a s nizkym rizikem trombo-
embolickych pfihod (skére CHA,DS,-VASc < 3) Ize v peri-
operacnim obdobi antikoagulaci vysadit. U viech ostatnich
pacientt se ddva prednost neprerusené peroralni antiko-
agulaci (s cilem dosdhnout hodnoty mezinarodniho norma-
lizovaného poméru [INR] < 3,0, pfipadné < 3,5 u mechanické
chlopenni protézy) pred premosténim doby do vykonu s po-
davanim nizkomolekuldrniho heparinu, protoze se tak sni-
Zuje riziko vzniku hematomu. Ve studii BRUISE-CONTROL 2
nebyl u pacientt uzivajicich primé perordlni antikoagulanci-
um pfi hodnoté skére CHA,DS,-VASc > 2 nalezen Zadny roz-
dil v incidenci hematomu po pferuseni versus nepreruseni
|éCby (davky véetné ranni byly podavany druhé z uvedenych
skupin). Autofi studie dospéli k zavéru, Ze obé lécebné stra-
tegie jsou racionalni a jejich pouziti se musi Fidit klinickym
usudkem. Perioperacni podavani antikoagulancii a/nebo
protidestickovych |éciv je predmétem tabulky 3.

Podminky pro provadéni vykonu
Operacni/katetrizacni sal nebo elektrofyziologicka labo-
ratof museji byt ventilovany v rezimu > 15nasobné vymé-
ny vzduchu/hodinu (idedlné 20-25nasobnd vymeéna/hodi-
nu). Uzite¢nost laminarniho proudéni vzduchu pfi infekci
v misté chirurgického vykonu je i nadale predmétem dis-
kuse. Operatéri museji zajistit, aby jesté pred zahdjenim
vykonu byly k dispozici veskery potfebny hardware a dalsi
vybaveni (viz tabulku 4). Aby se predeslo jakymkoli omy-
Iam, je vhodné vypracovat si kontrolni seznamy a vénovat
se predoperacni bezpecnostni procedure. Na pracovisti
musi byt snadno dostupna podpora formou anestezie,
aby bylo mozno v pfipadé potieby pfi potencidlné Zivot
ohrozujicich komplikacich podat analgetika nebo poskyt-
nout hemodynamickou a respirac¢ni podporu.

Personal, skoleni, vycvik a kvalifikace

Clenové tymu museji byt dakladné obeznameni s pou-
zivanim sterilnich technik v praxi. Nedodrzovani téchto
standardu je spojeno s vyssi incidenci infekce v misté chi-
rurgického vykonu. Operatér by mél mit optimalné cer-
tifikdt EHRA 2. stupné nebo narodni certifikat (funkéni
licenci) a dokonalé znalosti v dané oblasti nebo mit — po-
kud je v programu skoleni a vycviku — odpovidajici do-
hled. Vyznamnym faktorem pro udrZeni odbornosti je
i objem provadénych vykond; u operatérd a na pracovis-
tich s < 50 implantacemi/rok byla prokdzana vyssi inciden-
ce komplikaci.

Kromé operatéra a instrumentarky musi byt na sale
pfitomna jesté alespon jedna dalsi zdravotni sestra nebo
jiny odborny zdravotnicky pracovnik obeznameny se
zpusobem podpory pfi provadéni implantace zafizeni
a s provadénim sedace béhem vykonu; nicméné je treba
zabranit pfitomnosti ¢lenl jiného nez nezbytného perso-
nalu. Vsechen persondl musi byt vyskolen a vycvicen v ob-
lasti ochrany pred radioaktivnim zafenim a povinnosti
operatéra je usilovat o minimalni expozici tomuto zareni.
Operatér nebo jiny pfitomny lékar musi byt schopen pro-
vést urgentni perikardiocentézu a komplexni kardiopul-
monalni resuscitaci.

Konkrétni postup pfi chirurgickém vykonu

Kontrolni seznam jednotlivych kroktd chirurgického vyko-
nu lze nalézt v dodatkovém materidlu originalniho textu
online, stejné jako odkazy na online video s praktickymi
tipy pro provadéni zvolenych technik vykonu. Opatieni
pro prevenci infekce byla nedavno popsana v konsenzudl-
nim dokumentu a zde jiz nebudou opakovana. Osetfeni
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Tabulka 4 - Potfebné vybaveni a uzitecné pfislusenstvi pro implantaci elektronickych zafizeni v kardiologii

Vybaveni

Ucel

Programétor (konkrétniho vyrobce) a externi analyzator se steril-
nimi kabely

Skiaskopie s > 40° uhly projekce
Elektrokauterizace (fakultativné plazmova elektrokauterizace)

Monitorovani srde¢niho rytmu, manzeta pro méfeni krevniho tlaku
a pulsni oxymetrie, EtCO,

Privod kysliku, odsavani, vybaveni pro mechanickou ventilaci

s pouzitim vaku

Pohotovostni vozik s Iéky a vybavenim pro urgentni intubaci (rych-
le dostupny na misté)

Externi defibrilator (nejlépe dvoufazovy) schopny zajistit docasnou
transkuténni stimulaci (v anteroposteriorni poloze)

Echokardiografické vySetfeni (rychle dostupné v misté)
Prislusenstvi

Dlouha pouzdra (7-9 F), napf. 23 ¢cm

Hydrofilni 0,035" vodici dréat

Extratuhy 0,035" vodici drat

Stylety pro elektrody (napf. 65 cm)
Nastroje pro tunelizaci (napf. trokar, hrudni drén atd.)

Kli¢ (ne momentovy) (imbusovy klic)
Souprava na opravu izolace elektrod (silikonové kryty, lepidlo)

Adaptér pro spojovéni elektrod (napf. Medtronic 5866-9 M)
Zéslepky elektrod

Zastrcka konektoru (IS-1, DF-1)

Prodluzovacky elektrod

Sterilni mazivo, Cisty alkohol

Podnos s veskerym pfislusenstvim potfebnym pro punkci perikardu
(dostupny v mistnosti)

Otestovani funkce elektrod a naprogramovani zafizeni

Spravné umisténi elektrod

Hemostaza. Plazmové elektrokauterizace pro zabranéni poskozeni
elektrod pri jejich uvolfiovani

Monitorovani vitalnich funkci

Redeni urgentnich situaci v souvislosti s dychanim

Redeni urgentnich situaci v souvislosti s kardiovaskularnim
systémem a srde¢nim rytmem

Kardioverze/defibrilace, docasna transkutanni stimulace

Potvrzeni tamponady

Zavedeni elektrod pres Zilni stendzy

Priichod zilnimi stenézami a vinutymi cévami

Pro podporu pfi umistovani zavddécich pouzder pres stenotické
nebo vinuté cévy

Zéloha pro pfipad zalomeni styletli dodanych s elektrodou
Umoznuje kontralateralni implantaci s tunelizaci do kapsy v pfipa-
dé uzavéru zily pfi upgradu zafizeni/revizich

Uvolnéni zatuhlych zépustnych Sroubt

Oprava poskozené izolace, objevené pfi vyméné generatoru impul-
sU/revizi elektrod

Zé4chrana zlomenych stimula¢nich elektrod

Zaslepeni elektrod ponechanych v téle

Zaslepeni nepouzivanych portd generatoru

Tunelovani do kontralateralni kapsy

Uvolnéni zatuhlych elektrod pfi vyméné generatoru

Urgentni perikardiocentéza

rukou implantatora a instrumentujici sestry antimikro-
bidlnim mydlem a pfipravky na bazi vody nebo alkoholu,
které se vtiraji do klze rukou, je nutno provadét podle
mezindrodnich doporucenych postupl pro prevenci in-
fekce mista chirurgického vykonu, které publikovala Své-
tovd zdravotnicka organizace.

Obvykle se dadva prednost implantaci zafizeni na levou
stranu, protoze se jedna o nedominantni stranu (i kvali
nizsim prahovym hodnotédm pro defibrilaci) u ICD. Roz-
hodnuti je nutno ucinit individualné s ohledem na speci-
fické pozadavky (viz tabulku 2).

Incize a vytvoreni kapsy

Po pfipravé kize nasleduje lokdlni anestezie, vétsinou
s aplikaci 1% lidocainu (maximalni davka 4,5 mg/kg
nebo 300 mg), ktery lze pouzit i napul zfedény a apli-
kovat ve vétsim objemu na vétsi plochu nebo smichat
s dlouhodobé pUsobicim lokdlnim anestetikem, napf.
s 0,25% bupivacainem nebo 0,5% ropivacainem. Ap-
likace lokdlnich anestetik s obsahem adrenalinu byla
spojena s vyssi tvorbou hematomu a je trfeba se ji vyva-
rovat. U znepokojenych a znervéznélych pacientd nebo
v konkrétnich pripadech (napf. pfi tunelizaci elektrod
nebo vytvareni submuskuldrnich kapes) si vykon muze

vyzadat pouziti hluboké sedace nebo celkové anestezie.
Horizontalni incizi inferiorné a paralelné ke kli¢ni kosti
nebo Sikmou mirné medialni incizi ¢i podél mezery mezi
deltovym a prsnim svalem muze operatér provést podle
vlastnich preferenci; pfitom se ukdazalo, Ze hojeni jizvy
probiha podobné. Sikmy fez sice zajituje lepsi pFistup
pro preparaci cefalické Zily, protoze je ale pomérné late-
ralni, je nutno kapsu vytvofit medialnéji s dostatecnym
odstupem, aby nedochdazelo ke kontaktu s ramennim
kloubem.

Rada operatérii dava prednost vytvofeni kapsy pro
novy implantat jiz na za¢atku vykonu, protoze lokalni ane-
stezie mlze byt v této fazi ucinnéjsi a béhem vykonu
Ize zjistit pfipadné krvaceni. Disekci je nutno vést dolu
k subfascialni roviné, a to i v pfipadé zna¢ného objemu
tukové tkadné. Vzhledem k pomérné malym rozmérdm
soucasnych implantatd voli vétSina operatérd implantaci
KS a ICD do subkutanni, resp. subfascialni prepektoral-
ni kapsy. O vytvoreni submuskularni kapsy lze uvazovat
u Stihlych pacientt s rizikem eroze kapsy, z kosmetickych
ddvodd nebo v pripadé Twiddlerova syndromu. Je tieba
respektovat anatomické roviny (napf. mezi mm. pecto-
ralis major a minor) a nevytvéret intramuskularni kapsu,
aby se predeslo nezadoucimu poskozeni tkané a krvace-
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Hlava

Proximalni uzel

Obr. 1 - Preparace cefalické Zily (pravostranné). (A) Priinik do mezery mezi deltovym a prsnim svalem s odkrytim cefalické Zily, do niZ jsou
umisténa proximalni (nahore) a distalni poutka (dole) se smyckou. Distalni poutko se utahne a opatrné vytahne svorkou. Pfedni ¢ast zily
se nadzvedne klestémi a po skalpelem provedené venotomii se odkryje lumen Zily (€astou chybou je incize pouze do adventicie). Na Zile
Ize pfipadné jehlou nebo Zilnim katétrem provést punkci pro zavedeni vodiciho dratu. (B) Zluty nastroj se pouZije k zavedeni elektrody
(pfipadné Ize zavést vodici drat pro pouziti pouzdra). Pokud neni pro krev vidét lumen zily, proximalni poutko Ize opatrné povytahnout,
a zabranit tak zpétnému toku krve; po zavedeni elektrody Ize poutko opét povolit.

ni. Z kosmetickych dlvodu byly vytvoreny i techniky pro
submamarni a axilarni kapsy, pouzivaji se viak vzacné.

Zilni pFistup

Vzhledem k anatomickym rozdildm mezi jednotlivymi pa-
cienty a z nize uvedenych dlvodUl museji operatéfi umét
pfi implantaci jak preparovat cefalickou Zilu, tak provést
punkci podpazni a podklickové zily. Pokud je tfeba rent-
genové vysetfeni prichodnosti Zilniho systému (veno-
gram), je vhodné zalozit ipsilateralni intravenozni linku;
tim se nezvysuje riziko infekce. Pouziti mikropunk¢nich
kitd umozniuje cévni pfistup s malou 21G jehlou — na roz-
dil od standardni techniky, u niz se vyzaduje 18G jehla
a jiz lze pouzit ke zmirnéni zavaznosti komplikaci v dd-
sledku neimysiné tepenné nebo pleuralni punkce.

Preparace cefalické Zily

Podle prazkumu EHRA je na 60 % pracovist prvnim mis-
tem pristupu cefalicka zila. Po distalni ligaci Ize vést incizi
na zile s naslednym pfimym zavedenim elektrody (viz obr.
1), pfipadné Ize punkci provést zavedenim pouzdra (she-
athu). V pfipadé potizi pfi zavadéni elektrod nebo pokud
se implantuje vice nez jedna elektroda, je vhodné pouzit
vodici drat a zavadéci katétr.

Prednosti pristupu cefalickou Zilou je, Ze se zabrani
rozvoji pneumotoraxu a ve srovnani s punkci podkli¢ko-
vé zily se snizuje riziko dysfunkce elektrody (pomér Sanci
[OR] 0,25; 95% interval spolehlivosti [CI] 0,13-0,51; p <
0,001). Uspé&sna kanylace se uvadi pfiblizné u 60-80 %
pacientld, pfi pouziti hydrofilnich vodicich dratd nebo
retropektoralnich Zil viak mize dosdhnout hodnoty az
> 90 %. Pro prlchod Zilnimi chlopnémi a ziskani pFistu-
pu k podklickové Zile, kdy se elektroda zavadi smérem
k pazi (v tomto pfipadé Ize rovnéz pozadat pacienta, aby
pfi manipulaci s elektrodou nebo dratem zvedl rameno),
je vhodné pouzit hydrofilni ohnuté vodici draty. U velké
vétdiny pacientu sice lze pres zavadéci pouzdro zavést az
tfi elektrody, v fadé pfipadu si viak Zilni pfistup vyzada

samostatnou punkci. Incidence krvacivych komplikaci se
ve srovnani se podklickovym pfistupem vyznamné nelisi.
Vzacnou variantou je supraklavikularni prabéh zily, ktery
Ize zjistit skiaskopicky a nahmatanim elektrody nad kli¢ni
kosti. V takovém vzacném pripadé je nutno pouzit alter-
nativni techniky tak, aby se zabranilo diskomfortu pa-
cienta nebo komplikacim v souvislosti s elektrodou.

Punkce podklickové Zily

Punkce podklickové zily sice byla zpoc¢atku oblibena pro
vysokou Uspésnost vykonu (pfiblizné 95 %), je vsak spo-
jena s rizikem rozvoje pneumotoraxu (pfiblizné u 1-2 %
pacientd) a selhani elektrody v dlsledku jejiho mecha-
nického poskozeni v oblasti podklickové Zily (subclavian
crash syndrom) (viz obr. 2). Manipulaci s elektrodou a jeji
umistovani muUze ztéZovat i tésny kontakt s kli¢ni kosti,
podklickovym svalem nebo kostoklavikuldrnim vazem.
U pacientt uzivajicich antiagregancia byl podklickovy
pfistup spojovdn s vyssim rizikem krvacivych komplikaci.

Obr. 2 - Mechanické poskozeni elektrody po medialni punkci pod-
klickové zily. Pacient s jednodutinovym kardiostimulatorem, u né-
hoz doslo k mechanickému poskozeni v disledku nespravné pro-
vedené pfili§ medialni punkce (Sipka). Cestou punkce podpazni zily
byla implantovana nova elektroda.
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Obr. 3 - Punkce podpazni zily s pouzitim skiaskopickych orientacnich bodu. Pfi kaudalnim sklonu Ize vidét vnéjsi okraj plic; to umoziuje
bezpecné provedeni punkce a omezuje na minimum riziko rozvoje pneumotoraxu. Cilové misto oznacuje obdélnik (vpravo nahofie). Po
uspésné punkci se zavadi vodici drat, a tak Ize zhodnotit misto vstupu jehly do Zily (vpravo dole).

Mezi dalsi vzacné komplikace patfi arteriovendzni pistél,
tranzitorni paréza n. phrenicus v dasledku lokdlni anes-
tezie a poskozeni ductus thoracicus. Z téchto ddvodu se
doporucuje neprovadét punkci intratorakdlni podkli¢ko-
vé zily jako postup prvni linie, ale pouzit ji jako zachran-
ny (bailout) vykon po selhani jinych cest nebo pro Zilni
pfistup medidlné k uzdvérdm. Punkci je nutno vést co
nejvice lateralné, aby nedoslo k mechanickému poskoze-
ni elektrody. Punkci Ize provést pomoci pouze kostnich
orientac¢nich bodt (pod nejvice vystupujici ¢asti kli¢ni kos-
ti a mirné lateralné k ni pro misto punkce, pficemz jehla
miti k fossa jugularis sternalis, nebo pod skiaskopickou
kontrolou smérem ke stfedu hlavy kli¢ni kosti). Pro za-
méreni Zily a snizeni rizika komplikaci je vhodné provést
vySetfeni zilniho systému. V pfipadé viceelektrodovych
systémU mohou samostatné punkce teoreticky snizit ri-
ziko krvaceni a dysfunkci elektrody, tato moznost vsak
nebyla prokdzana a mlzZe naopak oproti jediné punkci
vystavit pacienta zvySenému riziku rozvoje pneumotora-
xu, zvlasté v pripadé obtizného pristupu nebo rizikovych
anatomickych pomérd (napf. nizky index télesné hmot-
nosti [body mass index, BMI] nebo chronickad obstrukéni
plicni nemoc).

Punkce extratorakalni podklickové a podpazni Zily
Od dolni hrany prvniho Zebra pokracuje podpazni zZila jako
extratorakalni podklickova Zila. Pro ucely tohoto doku-
mentu jsou tyto segmenty povazovany za analogické. Od
zavedeninovych technik, které zlepsily bezpecnost a ucin-
nost punkce podpazni zily a po ziskani dikazt o vynikaji-
cich hodnotach uUspésnosti ve srovnani s preparaci cefalické
Zily, spolu se zlepSenymi vysledky ve srovnani s punkci pod-
klickové zily, zvlasté z hlediska snizeni rizika selhdni elek-
trod — se punkce podpazni zily provadi stale castéji. Riziko
krvaceni se ve srovnani s pristupem cefalickou Zilou nelisi.
Byla popsdna fada technik s pouzitim anatomickych
orientac¢nich bodd, venogramu, vodiciho dratu z pazni
zily jako cestovni mapy (roadmap), kostnich orienta¢nich

bodl pro skiaskopické vysetfeni (nejcastéji vnéjsi hranu
prvniho Zebra) nebo ultrazvuk, priblizné s 95% Uspésnos-
ti. Vhodnym postupem je zajistit si pristup do podpazni
zily s vyuzitim 35° kaudalni projekce pod skiaskopickou
kontrolou a mifit na oblast prekryvajici vnéjsi hranu prv-
niho Zebra (viz obr. 3); v takovém pfipadé byla prokazana
96% Uspésnost. Soucasné se tak zobrazuje podklickovy
prostor i vnéjsi obrys plic, ¢imz se — pokud je vykon sprédv-
né proveden - eliminuje riziko rozvoje pneumotoraxu.
Pokud se nepodafilo zajistit pfistup pouze pomoci orien-
tacnich bodu pod skiaskopickou kontrolou, Ize tutéz pro-
jekci pouzit i k rentgenovému vysetieni zilniho systému.
Skutecnost, Ze se jednd o mélky pristup, snizuje i expozici
rukou rentgenovému zareni i ohybové napéti u elektrod
(coz muze byt v nékterych pripadech problém pfi ostrém
Uhlu béhem ,vedeni” punkéni jehly po prvnim Zebru).

Ultrazvuk — vzhledem k tomu, Ze sniZuje expozici ope-
ratéra rtg zareni, dale ze operatéfi s dlouhodobou praxi
vykazuji uspésnost 97,7 %, a Ze jeho peroperacni uplatné-
ni zjednodusil nastup bezdratovych zafizeni — se pravdé-
podobné bude pouzivat stale ¢astéji.

V nékterych pripadech mize dojit k zuzeni podpazni
zily v dasledku stlaceni hematomu vzniklého neimysinou
punkci tepny nebo krvaceni ze svalu.

Reseni problémd s Zilnim pFistupem
U pacientt s jiz dfive implantovanymi elektrodami se Ize
s Zilni stenézou > 75 % setkat u 6-21 % pacientl a s Zil-
nim uzavérem u 6-26 % pacientl. Na hrudniku pacienta
je mozno vidét povrchové kolateralni zily, neznamena to
vsak nutné obstrukci a vétSina pacientl je asymptoma-
tickych. U pacientl vyzadujicich upgrade zafizeni je pfi
planovani vykonu velmi vhodné provést jesté pred incizi
venogram k potvrzeni prlichodnosti pomoci stejné pro-
jekce jako pro Zzilni pristup (napf. 35° kaudalni projekce
s naklonem).

Vysetfeni perifernich zZil viak maze zavaznost uzavé-
ru kolateral nadhodnotit, protoze aplikace selektivné;si
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Obr. 4 - NetimysIna kanylace v. azygos J-dratem, kdy stimula¢ni elektroda je pro srovnani v horni duté Zile/pravé sini. VSimnéte si pribéhu
J-dratu nad pravym hlavnim bronchem, zdraznénym rovnobéznymi linkami v postero-anteriorni (PA) projekci, ten se v levé predni Sikmé

(left anterior oblique, LAO) projekci ztraci.

Obr. 5 - Perzistujici levostranna horni duta Zila. (A) Jedina levostranna horni duta Zila (pravostranna horni duta Zila nepfitomna), z niz
krev odtéka do tézce dilatovaného koronarniho sinu. (B) Perzistujici levostranna horni duta Zila s pravostrannou horni dutou Zilou (bez
preklenuti v. innominata) a mensi koronarni sinus. (C) Tentyz pacient jako A s dvoudutinovym kardiostimulatorem (PA projekce). VSimnéte
si pribéhu elektrody vlevo od patefe a smycky pravokomorové elektrody ve tvaru pismene alfa. (D) Stejny pacient jako A (leva lateralni

projekce). VSimnéte si pribéhu obou elektrod uvniti koronarniho sinu.

kontrastni latky pres dildtor maze odhalit pratok krve
pres lézi priblizné ve dvou tretinach pripadud. Pro preko-
nani stenéz je velmi uzitecné pouziti hydrofilnich 0,035"
vodicich dratl, hydrofilnich katétrd a dlouhych zavadé-
cich pouzder. S hydrofilnimi draty je nutno manipulovat
opatrné, aby se zabranilo perforaci cév. V pfipadé uzavé-

ri Ize provést medidlné vedenou punkci nebo venoplas-
tiku. PFi upgradu lze zajistit kontralateralni Zilni pfistup
subkutanni tunelizaci do kapsy, napf. s pouzitim trocha-
ru. Mezi jiné invazivnéjsi moznosti patfi extrakce elektro-
dy a technika ,inside out”, kterou lze aplikovat pouze na
specializovanych pracovistich.
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U pacient0 s jiz implantovanymi elektrodami, které bu-
dou ponechany v téle nebo explantovany, lze pro ziskani
Zilniho pfistupu — pokud lze pUvodni elektrodu vtésnat
nékolik centimetrt do zily — pouzit techniku dradtu pone-
chaného pod izolaci elektrody).

Mezi alternativni cesty pro zilni pfistup patfi jako po-
sledni zachranné teSeni pouziti vnitfni/vnéjsi juguldrni
zily a iliofemoralni pfistup. Alternativu, jez je nutno v pfi-
padé problému s zilnim pristupem zvazit, predstavuji bez-
dratové kardiostimulatory, subkutanni umisténi ICD nebo
epikardialni elektrody. Dalsi mozZnost zajisténi zilniho pfi-
stupu mlze predstavovat extrakce elektrody (bud pomoci
extrak¢nich pouzder cestou horniho pristupu, nebo femo-
ralniho pfistupu s vodicim dratem ponechanym v lumen
elektrody).

PFi manipulaci maze dojit k nedmysiné kanylaci v. azy-
gos vodicim dratem nebo elektrodou, coz lze zjistit po-
dle posteriorniho pribéhu Zily tésné nad pravym hlavnim
bronchem (obr. 4). S perzistujici levostrannou horni dutou
zilou (PLSVC) se lze setkat u az 0,5 % pacientd. Tato struk-
tura obvykle drénuje krev do korondrniho sinu. Umisténi
komorové elektrody mlze predstavovat problém, ktery
vsak lze vyresit ohnutim styletu do tvaru velkého zakfive-
ného pismene J (obr. 5). Je vhodné patrat po v. innomina-
ta, ktera je nékdy pfitomna (mdze vsak byt mald) a mdze
usnadnit implantaci zafizeni obvyklou cestou. V pripadé
nutnosti Ize KS nebo ICD implantovat vpravo, ale v ma-
[ém poctu pfipadd mlze pravostrannd horni dutd zila
zcela chybét. Pro ovéreni prfitomnosti pravostranné horni
duté zily Ize doporucit jesté pred pokusem o ,prohozeni”
stran vysetfeni Zilniho sytému pro pfipad existence PLSVC
u daného pacienta.

Umisténi elektrody do pravé komory
Pro zajisténi zalozni stimulace a zabranéni dislokaci elek-
trody se komorova elektroda obvykle umistuje pred sirio-

vou elektrodu (pokud se neuvaZzuje o moznosti izolované
stimulace AAI). Anatomickd mista pro pravokomorovou
stimulaci ukazuje obrazek 6. Podle prizkumu, ktery pro-
vedla EHRA v roce 2013, uvedla jako preferované misto
pro elektrodu polovina pracovist hrot pravé komory,
poté nasledovaly mezikomorové septum u 47 % praco-
vist a vytokovy trakt u 3 %. Pro zajisténi nekomplikova-
ného pruchodu trojcipou chlopni se ¢asto pouZiva ru¢né
vytvarovany stylet (pfi manipulaci se styletem muUze dojit
i k prolabovani elektrody sténou pravé siné do komory).
Na neumyslnou kanylaci koronarniho sinu nebo jeho vét-
vi upozorni jednak intrakardialni signal pfi méreni; potvr-
dit ji maze leva predni Sikma (left anterior oblique, LAO)
projekce.

Hrot pravé komory

Pro snazsi umistovani a pfitomnost trabekul pro ukotve-
ni elektrod s pasivni fixaci se elektrody tradi¢né umistuji
do RVA. Objevily se viak obavy ohledné dlouhodobych
Skodlivych ucinkl stimulace RVA na funkci levé komory,
moznost vyvoje srde¢niho selhdni a umrti. Navic se pro-
kazalo, ze perforace je nezavisle spojena s polohou elek-
trody s aktivni fixaci v RVA (OR 3,37; 95% Cl 1,17-9,67; p
=0,024).

Jako obecna zasada plati, Ze pfi pouziti elektrod s ak-
tivni fixaci je nutno pro potvrzeni jejich findlniho umis-
téni pouzit skiaskopické markery (a ne pocet otacek).
Nasilné otaceni muze mit za nasledek destabilizaci elek-
trod, perforaci nebo jejich poskozeni. Tato skupina au-
tord doporucuje fadu praktickych opatieni k zabranéni
komplikacim pfi implantovani jakéhokoli typu elektrod
(viz tabulku 5).

Elektrodu lIze umistit mirné proximalné k hrotu tak,
aby byla natoc¢ena mirné inferiorné. Pro zobrazeni dlou-
hé srdecni osy a ostrejsi zobrazeni siluety hrotu je vhod-
né pouzit pravou predni Sikmou (right anterior oblique,

Tabulka 5 - Praktické tipy pro bezpecnou a uc¢innou implantaci elektrod

Jak spravné postupovat

Co nikdy nedélat

Manipulovat s elektrodami/styletem opatrné

PFi posouvani elektrody proti volné sténé komory vytdhnout stylet
0 1-2.m?

Zkontrolovat polohu elektrody v 30° ROA a 40-60° LAO projekci

Usadit Sroub pfi soucasném udrzovani odkryté casti elektrody narov-
nané, aby se zabranilo zvySovani zkrutného momentu a ne¢ekanému
narovnanispiraly®

Zkontrolovat skiaskopické markery pro narovnani spiraly®

Zkontrolovat proud z poskozeni®
Zkontrolovat funkci extrakardialni stimulace?

Ovéfit stabilitu elektrody jejim zatlacenim pfi styletu vytazeném
05-6cm

Nechat dostatecny privés (a zkontrolovat ho pfi hlubokém nadechu)
Po Upravé pravésu elektrody zkontrolovat snimaci amplitudu
Pres zasunuti pinu do generatoru impulsd ocistit pin konektoru

Manipulovat se styletem s rukama potfisnényma krvi (ucpani
lumen elektrody)

Snazit se o nadmérny kontakt se sténou Uplné usazenym style-
tem v elektrodé?

Nasilné utahovani pfi fixaci povede k otéceni celého téla elekt-
rody (coZ snizi stabilitu a zvysi riziko perforace)®

Vychézet pfi usazovani spiraly z poctu otacek (rtzny podle
prabéhu elektrody)®

Po fixaci ponechat oto¢ny mechanismus fixace® (kdy se tak ¢as-
tecné odsroubuje spirala)
Zatlacit na elektrodu k ovéreni jeji stability

2U hrotu pravé komory.
®U elektrody s aktivni fixaci.

LAO - leva predni sikma (left anterior oblique); RAO - prava predni sikma (right anterior oblique).
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SV crest
RVOT

Obr. 6 - Anatomie srdecnich dutin s vyznamem pro kardiostimulaci. (vlevo) Prava predni Sikma projekce (~20°) srdce. VSimnéte si blizkosti
hrotu ouska pravé siné (right atrial appendage, RAA) k aortalnimu koreni (aortic root, Ao) a pravé komore. Cilové misto pro implantaci
pravosifiové elektrody je zastinéno (Sedivy kruh). (stfed) Prava predni sikma projekce (~20°) srdce po disekci predni stény pravostrannych
srdecnich dutin. Stimulacni elektroda je umisténa ve stfedni ¢asti septa naproti septomarginalni trabekulaci (SMT) pod supraventrikularnim
hiebenem (supraventricular crest, SV crest), ktery tvofi spodni hranici vytokového traktu pravé komory (right ventricular outflow tract,
RVOT). Pfi vytahovani elektrody z RVOT pres tyto struktury je vidét zietelny ,propad”. (vpravo) Prava predni Ssikma projekce (~30°) diseko-
vaného prosviceného srdce. VSimnéte si tenké stény ouska pravé siné (RAA) mezi hifebenovymi svaly. Byla provedena excize cipt trojcipé
chlopné pro odkryti membranového septa (MS); jejich zavésné body oznacuje pferusovana ¢ara. Jsou zobrazena pfiblizna mista atrioventri-
kularniho uzlu (atrioventricular node, AVN) a priibéh Hisova svazku a pravého raménka Tawarova (right bundle branch, RBB). Dalsi zkratky:
BB - oblast Bachmannova svazku (Bachmann’s bundle region); CS — koronarni sinus (coronary sinus); FO - fossa ovalis; PA - plicnice (pulmo-
nary artery); RVA - hrot pravé komory (right ventricular apex); SVC - horni dutd zila (superior vena cava); TV - predni cip trojcipé chlopné
(anterior leaflet of tricuspid valve). Obrazky laskavé poskytl Maxim Didenko, MD, PhD.

RAO) 30° projekci (viz obr. 7). Pomoci 40-60° LAO pro- tepny), coz je mozné pfi pouziti pouze postero-anteriorni
jekce je nutno rovnéz zkontrolovat, zda elektroda neni projekce prehlédnout.

nedopatfenim umisténa v jedné z vétvi korondrniho sinu Stabilitu elektrody je nutno ovérit vytazenim styletu
nebo v levé komore pres septdlni defekt (pfipadné punkci do urovné vstupu a déle je vhodné mirné na elektrodu

V RAO 30° NV d
. o |

Obr. 7 - Poloha elektrody v hrotu pravé komory. VSimnéte si, Zze apikalni polohu je lépe vidét v 30° pravé predni Sikmé (right anterior
oblique, RAO) projekci nez v postero-anteriorni (PA) projekci. Leva predni sikma (left anterior oblique, LAO) projekce umoziuje vyloucit
umisténi elektrody do levé komory pres septalni defekt nebo do pfitoku koronarniho sinu (napf. do zadni zily). Obrazky upraveny ze simu-
latoru virtualni reality pouzivaného pfi piistrojovém vycviku implantace; anatomické poméry byly rekonstruovany z pacientskych CT scanti.
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LAO 40°

RAO 30°

Obr. 8 - Skiaskopické orientacni body pro umisténi elektrody do mid-septalni ¢asti pravé komory. Elektroda se implantuje do anteroseptalni
ryhy a v 40-60° levé predni Sikmé (left anterior oblique, LAO) a postero-anteriorni (PA) projekci vypada, jako by byla v septalni pozici. Pfi
20-30° pravé predni Sikmé (right anterior oblique, RAO) projekci je vidét, ze elektroda je ve skutecnosti umisténa anteriorné. V 20-30° RAO
projekdi je z lateralni hranice patere ke hrotu vynesena mfizka 3 x 3 s cilem v prostiednim ¢tverci. Siluetu srdce vSak miize pozménit dilatace
nebo hypertrofie levé komory a orientacnich bodi. Obrazky upraveny z prace Burri et al.

zatlacit, aby se prohnula. Na elektrodé je nutno ponechat
dostatec¢ny praveés tak, aby se vytvofila jakasi , pata”. Pro
vylouceni poskozeni n. phrenicus je nutno nastavit do-
¢asnou kardiostimulaci na plny vykon pfi sou¢asném pro-
hmatu levé poloviny branice nebo jejim pozorovani pod
skiaskopickou kontrolou.

Pravokomorové septum

Pro zmirnéni nezddoucich ucinkd dyssynchronie vyvola-
né kardiostimulaci se jako fyziologi¢téjsi alternativé RVA
s nejednoznacnymi vysledky davd prednost pravokomo-
rovému septu (right ventricular septum, RVS). Stimulaci
srde¢niho hrotu se podoba i systolickad funkce pravé ko-
mory a regurgitace trojcipé chlopné, nicméné jeji pred-
nosti je, ze tak lze predejit perforaci. Hodnoty elektric-
kych parametrl jsou srovnatelné se stimulaci hrotu.

Zde je vsak treba upozornit, Ze fada studii prokazala,
Ze elektrody urcené pro RVS se ¢asto umistuji omylem/
nezkusenosti na predni volnou sténu nebo do antero-
septalni mezikomorové ryhy, kterd tvofi pfirozenou pro-
hluben, do niz se elektroda vklini. Pouziti tohoto mista
mUze pfitom mit za nédsledek dysfunkci levé komory, per-
foraci a ve vzacnych pripadech infarkt myokardu, protoze
se elektroda fixuje sSroubem do ramus interventricularis
anterior. Proto je tfeba dbat na skute¢né septdlni umis-
téni elektrody.

Studie, v nichZ se ovéfovala konecna poloha elektro-
dy pomoci vypocetni tomografie (CT) nebo echokardio-
graficky, prokazaly, Zze samotna LAO projekce k potvr-

zeni stimulace septa nestadi a Ze je nutno pro zobrazeni
dlouhé osy srdec¢ni pouzit i RAO projekci. Podobné ani
Uhel orientace elektrody v LAO projekci nevypovida
o jejim umisténi do septa, protoze pfi Upravé pravésu
muze jednoduse dojit ke zméné tohoto uhlu. Déale 40°
LAO projekce nemusi dostate¢né zobrazit srdce v jeho
kratké ose, kterd je casto Iépe viditelna pfi pouziti 60°
LAO projekce.

Skiaskopicky orientacni bod, ktery lze pouzit pro umis-
téni septdlnich elektrod, |ze vidét na obrazku 8.

Pro pfesné zaméreni RVS muze presné zobrazit obrysy
pravé komory v jeji dlouhé ose ventrikulografie v 20-30°
RAO projekci. | kdyz se nejednd o postup prakticky pro
rutinni provadéni, mlize byt uzitecny u pacientld s dila-
tovanymi nebo hypertrofickymi komorami, jez mohou
pozménit konturu srdce. Je tfeba rovnéz posoudit pohyb
hrotu elektrody, ktery je $irsi pri fixaci elektrody na vol-
nou sténu nez na RVS.

Pro potvrzeni polohy elektrody byla navrzena fada
elektrokardiografickych (EKG) kritérii, jejich omezenim
je viak suboptimdlni ovéreni mista stimulace, pfipadné
i nemoznost srovnani se stimulaci volné anteroseptalni/
predni stény. V3echny studie, v nichz byly pro ovéreni
mist stimulace pouzity echokardiografie, CT scany nebo
elektroanatomické mapovani, prokazaly, Ze kritéria EKG
nepredstavuji spolehlivé ukazatele stimulace RVS.

Pfi pouziti dvojrozmérné zakfiveného styletu muze
elektroda po RVS sklouznout. Pro snazsi umisténi elektro-
dy lze k ziskani trojrozmérného (three-dimensional, 3D)
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Obr. 9 - Tvarovani styletdi pro umistovani elektrod. (A) Tvarova-
ni 2D styletu. K zajisténi vstupu do pravé komory (apikalni nebo
septalni poloha) pouzijte valec 10ml stiikacky (Ize pouzit i mensi
stfikacky). (B1-B4) Tvarovani 3D styletu. K vytvarovani distalni os-
tré posteriorni kiivky pouzijte 5ml stfikacku s naslednym vytvaro-
vanim vétsi proximalni kivky pomoci 10ml stfikacky (k vytvarovani
distalni kfivky lze pouzit i trysku této stfikacky). Stylety Ize tvaro-
vat i kovovym nastrojem s pouzitim obkladu nebo prsti. Reprodu-
kovéno z prace Burri et al.

styletu vytvarovat na jeho posteriorné distalnim konci
ohyb (viz obr. 9), jak to kdysi popsali Mond a spol.

Elektrodu lze umistit bud pomoci ,pullback” techni-
ky z plicnice, nebo pfimo na RVS. Kombinaci 3D styletu
a vyse popsanych skiaskopickych orientacnich bodl v 30°
RAO a 40-60° LAO projekci Ize na RVS spravné umistit pfi-
blizné 95 % elektrod. Cilovou oblasti je septomargindlni
trabekula/moderator band (viz obr. 6), ktera tvofi pfiro-
zenou oporu pro stabilizaci elektrody a kde jsou rovnéz
ulozena vlakna pravého Tawarova raménka, tato struk-
tura muze byt rovnéz ndpomocna zachovani elektrické
synchronie.

Pro stimulaci RVS Ize pouzivat vyhradné elektrody s ak-
tivni fixaci, ktera umozni jejich umisténi do oblasti s hlad-
kymi sténami. Pokud neni elektroda stabilni, obvykle pfi
vytahovani styletu spadne. Aby se zabranilo vyraznému
pohybu hrotu elektrody, jeZ mUze vést k jeji dislokaci, je
tfeba upravit jeji pravés.

Stimulace vytokového traktu pravé komory

Pro implantaci elektrod na septum vytokového traktu
pravé komory (right ventricular outflow tract, RVOT)
Ize pouzit stylet stejného tvaru i skiaskopickou projekci
(RAO/LAO) jako v pfipadé RVS. Kvlli malé cilové oblas-
ti této struktury trychtyrovitého tvaru viak tento vykon
muUze byt vzhledem k heterogennim pozicim elektrody
narocnéjsi. Navic septum RVOT je, aZz na jeho volné se po-
hybujici doIni ¢ast, tzn. bez pfimého kontaktu s meziko-
morovym septem, a jeji tenké stény se v subvalvularnim
segmentu zuzuji z 3-5 mm na 1-2 mm, coz vyvoldva oba-
vy z jeho perforace. | kdyz byla prokdzdna dlouhodobé

uspokojiva funkce elektrody, existuje jen velmi malo dd-
kaz(l, Ze by pouziti tohoto mista pro stimulaci bylo néjak
pfinosné, zejména z hemodynamického pohledu.

Umisténi elektrody do pravé siné

Pravosinové elektrody u dvoudutinovych zafizeni jsou
historicky spojovany s 1,5-2nasobné vyssim rizikem kom-
plikaci oproti jednodutinovym VVI zafizenim. Hlavni
problémy predstavuji dislokace a perforace elektrodou.
Pokud nema pacient implantovany VDD (a nepotfebuje
stimulaci sini), je sinova elektroda vzdy nutna pro zacho-
vani atrioventrikuldrni synchronie a potvrzeni siflovych
arytmii. Sifiovd elektroda rovnéz vyznamné usnadriuje
sledovani epizod arytmii u ICD; metaanalyza 3esti studif
s randomizovanym pouzitim jednodutinového versus
dvoudutinového ICD prokazala sklon ke snizeni incidence
nevhodnych vyboja (OR 1,46, 95% ClI 0,97-2,19; p = 0,07)
bez ovlivnéni mortality.

Ousko praveé siné

Ousko pravé siné (right atrial appendage, RAA) tvofi
celou trabekularni anterolateralni trojuhelnikovou cast
pravé siné. Posteriorné je vymezeno strukturou crista
terminalis, kterd jej oddéluje od vestibulu s hladkymi
sténami. Tloustka stén je 1-2 mm, pficemz lateralni ¢ast
ouska je obzvlasté tenkd (viz obr. 6); histologické vyset-
feni prokazuje tloustku jednoho nebo nékolika malo
myocytl mezi hfebenovymi svaly, pficemz nékteré jeho
Casti jsou zcela bez myokardu. Z tohoto dlvodu je nut-
no vyvarovat se umistovani elektrod na bo¢ni sténu RAA
a pravou sin, aby se predeslo perforaci potencidlné ve-
douci k rozvoji tamponady a pfipadné, ve vzacnych pfi-
padech, rozvoji pravostranného pneumotoraxu a pneu-
moperikardia. Hrot RAA je natocen doleva a opira se
o aortdlni kofen; mohlo by tak dojit k Zivot ohroZzujici
laceraci aorty elektrodami s aktivni fixaci. Proto je moz-
na vhodnéjsi umistit pravosiriovou elektrodu na predni
stranu RAA (viz obr. 6).

Béhem implantace si pacienti mohou stéZovat na bo-
lest za hrudni kosti, kterd mGze ukazovat na perforaci
i pfes normdlni hodnoty elektrickych parametrd (coz se
potvrdi, pokud bolest po pfemisténi elektrody zmizi). Je
prokdzano, Ze elektrody s pasivni fixaci ve tvaru J jsou
spojeny s nizsim rizikem perikardialnich komplikaci nez
elektrody s aktivni fixaci, mohou v$ak vykazovat vyrazné
vétsi tendenci k dislokaci. Ve srovnani s rovnymi elektro-
dami nenabizeji elektrody s aktivni fixaci ve tvaru J Zadné
vyznamnéjsi vyhody.

Medialni ¢ast RAA se nachazi i v blizkosti RVOT, coz
znamend, ze mUze dochazet k far-field R-wave (FFRW)
oversensingu. Vysledkem mUze byt nevhodné prepinani
stimula¢niho rezimu u > 20 % pacient(, vznik proarytmii
s antitachykardickou stimulaci sini nebo problémy s roz-
lisovacimi algoritmy endogenniho rytmu u ICD. Proto je
nutno peclivé posoudit amplitudu FFRW jiz pfi implantaci
(idedIné jesté pred usazenim spiraly, protoZe ta neni fixa-
ci ovlivnéna), ktera musi byt ve srovnani s near-field sino-
vym elektrogramem < 20 %. To lze zajistit pfimo pomoci
vizudIni kontroly intrakardidlniho EKG zdznamu spiSe nez
spoléhanim se pouze na digitalni méfeni amplitudy viny
P. Amplitudu FFRW Ize zmensit umisténim elektrody na
predni RAA (natocenou smérem k operatérovi v poste-
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Obr. 10 - Zaznamy z analyzatoru stimulace béhem implantace. Zvyseni proudu z poskozeni pfed usazenim spiraly (vlevo) a po (vpravo)
usazeni spiraly. Nahofe: sifiova (A) elektroda (vSimnéte si absence far-field R-viny). Dole: komorova (V) elektroda.

ro-anteriorni projekci. Je vhodné ovéfit polohu elektro-
dy v RAO/LAO projekcich, protoze pohyb pfipominajici
JStérac” muze byt |épe viditelny nez v postero-anteriorni
projekci. Po fixaci elektrody je nutno ovéfit jeji stabilitu vy-
tazenim styletu do horni duté Zily a zatlatenim na elektro-
du. Je nutno ponechat dostatecny praveés elektrody, aby se
zabranilo jejimu narovndni, protoze vysledkem by mohly
byt suboptimalni hodnoty elektrickych parametrd. Je treba
mit na mysli, Ze velikost privésu elektrody maze vyznam-
né zménit amplitudu sensingu v dasledku zmény orientace
sifiového bipdlu vici aktivacnimu vektoru (jak ve frontdini,
tak v horizontalni roviné).

Alternativni mista stimulace

Ve snaze omezit vznik FS se zkoumala mozna alternativni
mista stimulace. Mezi né patfi BachmannUv svazek, oblast
usti koronarniho sinu, a dokonce stimulace siné na dvou
mistech pravé siné. Metaanalyzy neprokazaly Zzadnou vy-
hodu oproti stimulaci RAA z hlediska progrese k perzis-
tentni/trvalé FS ani komplikaci v souvislosti s elektrodou.
Mezisifiové septum sice mUze zabranit perforaci volné
stény, je vsak nutno mit na mysli blizkost aortélniho ko-
fene s rizikem jeho perforace. Vzhledem k témto okol-
nostem a s tim souvisejici naro¢nosti umistovani elektrod
tato skupina autord stimulaci mezisinového septa jako
pristup prvni linie nedoporucuje. MUze se nicméné jednat
o vhodnou alternativu v pfipadé problém0 s umisténim
elektrody v RAA (napf. pfi zjizveni po kanylaci kvdli kar-
diochirurgickému vykonu).

Testovani elektrickych funkci

implantovanych elektrod

Akutni prahové hodnoty museji byt optimalné < 1,5 V/0,5
ms pfi sensingu > 1,5 mV pro sirh a > 4 mV pro komoru
a impedance elektrod musi byt v rozmezi normalnich spe-
cifikovanych limitt (obvykle 400-1200 Ohmu). Je tfeba
nejenom zaznamendvat namérené hodnoty, ale i pozo-
rovat tvary vin (napf. pfitomnost FFRW na sinovych elek-
trodach, jak uvedeno vyse). Negativni EKG zaznam muUze
byt vysledkem prehozeni krokosvorek na elektrodé (pfi
zvysenych prahovych hodnotach zachytu), pfipadné mize
ukazovat na perforaci elektrodou. U elektrod s aktivni fi-
xaci je mozné také potvrdit pfitomnost proudu z posko-
zeni (current of injury, COI) (viz obr. 10).

Jistou miru elevace Useku ST na intrakardiadlnim EKG za-
znamu lze nalézt dokonce jesté pred usazenim spiralové
elektrody, prosté v dusledku kontaktu s myokardem. Pro
potvrzeni dostatecné fixace se musi elevace oproti vstupni
hodnoté zvétsit a byt zfetelné viditelna. Bezprostfedné po
fixaci s COl mohou byt prahové hodnoty zachytu vysoké,
obvykle se vsak v nasledujicich minutach snizi (proto ma
vyznam prahové hodnoty znovu zkontrolovat spiSe nez
okamzité elektrodu premistit). Snimani elektrické aktivity
mUze byt rovnéz ovlivnéno intenzitou COI, a je proto nut-
no je znovu zkontrolovat. Vyznam rychlosti vzniku a snize-
ni COI pro odpovidajici fixaci elektrody neni jisty.

Testovani elektrickych funkci u komorovych elektrod je
obvykle bezproblémové, v pfipadé sifiovych elektrod viak
mUzZe byt pomérné obtizné.
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Obr. 11 - Kotvici uzel pro zajisténi elektrody. Je nutno pouzit ne-
vstiebatelnou suturu s pletenymi vlakny (1, 0 nebo 1-0) a velkou
zakfivenou jehlu. Vlevo: Pfi pfisivani sleeve ke svalu se nesmi
soucasné uchopit elektroda a sval, protoze tkan muze nekrotizo-
vat; vysledkem by bylo uvolnéni poutka. Vpravo: Na sval je nutno
nalozit kotvici neklouzavy uzel a nasledné jej nasit na sleeve. Pro
jesté vétsi zajisténi elektrody je nutno nalozit alespon jednu dalsi
suturu, a to bud stejnym zplsobem, nebo jednoduse kolem sleeve.

Fixace elektrod a generatoru

Aby se zabranilo krvaceni, je vhodné v okoli mist implan-
tace elektrod pouzit hemostatické vstfebatelné sutury
s pletenymi vlakny. Je nicméné nutno dbat na to, aby
se sutura neutahla pfimo na télo elektrody, protoze by
se tak mohla poskodit izolace. Plastovy fixa¢ni element
(sleeve) je nutno posunout nahoru k mistu punkce a ne-
vstfebatelnou suturu s pletenymi vldkny pouzit k fixaci
elektrody k vrstvé svald, koaxidlné k zavedeni elektro-
dy, aby se zabrdnilo jejimu zalomeni. Je tfeba, aby stehy
prosly pfimo svalem vcetné fascie, a ne pouze podkoz-
nim tukem. Kromé toho, Ze podkozni tuk je mékky, je
jeho vrstva rovnéz mobilni, coz by u obéznich pacientt
(zvl&sté u Zen s velkymi prsy, u nichz dochazi ke svéseni

Generator

B

a posouvani této vrstvy) mohlo vést k dislokaci elektro-
dy. Je nutno pouzit techniku kotevniho uzlu (tzn. nejdri-
ve na svalu zavazte neklouzavy uzel, napfi¢ k orientaci
svalovych vldken) pod sleeve sutury a nasledné ve zlabku
hibetu sutury vytvorte smycku (viz obr. 11). Tato techni-
ka maximalné zvysuje odpor vici tahu a brani i dislokaci
elektrody v dlsledku potencidlniho tahu a navijeni, kdy
dochazi k uvolnéni poutka v dasledku redukce tkané,
pokud se sval a sleeve povazuji za jeden celek. Druhou
suturu lze vést stejnym zptisobem, nebo jednoduse kolem
sleeve a pfipevnit ji k elektrodé. Sutury se nesméji nikdy
nakladat na télo elektrody a nesméji byt pfilis utazené,
protoZe by tak mohlo dojit k jejimu poskozeni. Dvé nebo
vice stfedné utazena poutka zajisti elektrodu Iépe nez je-
den velmi utazeny uzel pfi nizsim riziku poskozeni elek-
trody. Stabilitu elektrody je nutno zkontrolovat jemnym
potazenim za ni.

Vzhledem k rozdillm ve zpUsobu inicializace zarizeni
mezi jednotlivymi vyrobci se doporucuje zafizeni pred
implantaci vyzkouset primarni interogaci. Umozni to
i nastavit bezdratovou komunikaci, ktera je uzite¢na pro
kontrolu spravného spojeni elektrod i parametrd. Z pina
elektrod je nutno pred pripojenim setfit krev suchym
tamponkem, aby se zabranilo jejich budoucimu ,zatuh-
nuti” ve vstupu do hlavy (headru) implantétu.

K vyplaveni krevnich srazenin a detritu Ize kapsu vypla-
chovat fyziologickym roztokem. Prebyvajici ¢ast elektro-
dy je nutno svinout do kapsy, pficemz je nutno zabranit
jejimu zalomeni (¢imz by mohlo dojit k jejimu poskoze-
ni), a umistit vzdy pod generator, aby se zabranilo jejimu
neumysinému poskozeni pfi opétovném otevreni kapsy.
Idedlni je natocit konektory smérem k incizi (viz obr. 12,
vlevo), protoze se tak usnadni ptistup k elektroddam pfi
vyméné generatoru. Fixace generatoru v kapse je vhodna.

Uzavreni kapsy a kize
Kapsu je nutno uzavfit samostatnymi stehy (obvykle
postaci 2-4) vstfebatelnou suturou s pletenymi vldkny

Subkutanni

Obr. 12 - Uzavieni kapsy. Vlevo: Elektrody se obtoci kolem generatoru i pod nim, pficemz je tfeba dbat na to, aby nedoslo k jejich zalomeni.
Hlava je natoc¢ena smérem k incizi (v tomto piipadé pfiléha k mezere mezi deltovym a prsnim svalem). Vpravo: Kapsa se uzavie pfitazenim
fascie ke svalu jednotlivymi stehy (vstfebatelna sutura s pletenym vlaknem) k fixaci generatoru a elektrod v kapse. Subkutanni a epider-

malni vrstvy se nasledné sesiji samostatné (pferusované cary).
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Obr. 13 - Tlakovy obklad pro zabranéni vzniku hematomu. Okamzi-
té po pfilozeni sterilniho kryti se pouzije rolicka a paska a ponecha-
ji se na misté do nasledujiciho dne.

Tabulka 6 - Perioperacni komplikace pfi implantaci PM a ICD

a jejich incidence

Komplikace Incidence
Mortalita v souvislosti s vykonem 0-0,1 %
Tticetidenni mortalita 0,6-1,4 %
Pneumotorax 0,4-2,8 %
Klinicky vyznamna perforace 0,1-1,5%
Perikardialni vypotek 10,2 %
Tamponada 0,5-1,5 %
Hematom v oblasti kapsy 0,2-16,0 %
Infekce 0,6-3,4 %
Dislokace elektrody 1,2-33 %
Jiné: arytmie, pleuraini vypotek, hemotorax, <05 %

perforace aortalniho kofene, perforace plic,
pneumoperikardium, konstriktivni perikarditida,
vzduchovd embolie, infarkt myokardu, stimulace
brani¢niho/mezizebernich svald, cévni mozkova
ptihoda, paréza pazni pletené, paréza n. phre-
nicus, akutni trombdéza pfistupové zily, plicni
embolie, alergie, poskozeni trojcipé chlopné

(viz obr. 12, vpravo). Zabrani se tak migraci generatoru
a elektrody; zaroven se snizuje napéti na povrchu rany
v pfipadé vzniku hematomu v oblasti kapsy. Existuje né-
kolik zpusobl uzavieni rany. V subkutdnni roviné lze
napfiklad pouzit jednotlivy steh se vstfebatelnou 3-0 su-
turou s pletenymi vlakny ndsledovany koznim stehem jed-
novldknovou vstrebatelnou suturou 4-0, ev. jednotlivymi
stehy. Pfi pouziti ostnatého stehu neni nutno uvazovat
uzly, neprokdzaly se vak u nich zddné vétsi vyhody oproti
standardni suture a jsou drazsi. Kozni lepidlo srovnédvaly
se suturou dvé randomizované studie, které rovnéz ne-
nalezly vyznamné prednosti ani vice ¢asnych nezddoucich
ucinkl (9,3 % vs. 6,0 %; p = 0,02). Néktefi operatéfi pouzi-
vaji misto sutury sesivacky, tento postup pfi implantaci KS
a ICD vsak nebyl zatim hodnocen; pacienti si navic museji
po néjaké dobé nechat spony vytdahnout.

Re3eni perioperaénich komplikaci

| kdyz je implantace CIED spojena s nékterymi potencidl-
né fatalnimi komplikacemi, jsou pfipady umrti v souvislosti

s vykonem vyjimecné vzacné (0-0,1 %). Perioperacni mor-
talita souvisi hlavné s komorbiditami (napr. srde¢nim selha-
nim). Periopera¢ni komplikace jsou uvedeny v tabulce 6.

Pro sledovani téchto komplikaci pro ucely srovnavani
nebo audity je vhodné vést elektronickou zdravotni do-
kumentaci nebo registry, do nichz se zaznamenéavaji kom-
plikace.

Perforace a perikarditida/tamponada
Vzhledem k rdznym definicim se incidence klinicky vy-
znamnych pripadl perforace elektrodou zjistuje obtiz-
né, uvadi se vsak rozmezi od 0,09 % do 1,5 %. Perforace
elektrodou se obvykle projevi jako akutni (< 24 hodin)
nebo subakutni (< 1 mésic) komplikace, vzacné se vsak
mUze projevit i pozdéji a v nékterych pripadech ji Ize dia-
gnostikovat az celé roky po implantaci. Mezi ndsledky
perforace elektrodou mohou patfit akutni perikarditida,
perikardidlni vypotek nebo tamponada, konstriktivni pe-
rikarditida, pleurdlni vypotek, hemotorax, pneumotorax,
perforace plic, abnormalni hodnoty elektrickych paramet-
ri a stimulace branice/mezizeberniho prostoru, perforace
elektrodou mUze viak zUstat i bez klinickych projeva.
Peroperacni perforace mlze vést k symptomUm vago-
vé stimulace, bolesti na hrudi, vysokym prahovym hod-
notdm, poskozeni brdnice a inverzi COIl (pozorovdno
vzacné). Na rozvoj tamponady vyrazné upozorni hemo-
dynamicka nestabilita (pficemz diferencidlni diagnéza zni
vagova reakce) a imobilni srdecni silueta srdce pfri skia-
skopickém vysetieni (druhy z uvedenych pripadl nékdy
neni spojen s pritomnosti vypotku). Tamponadu je nutno
potvrdit echokardiograficky a Fesit urgentni perikardio-
centézou. Ve studii s 968 pacienty, u nichz se echokardio-
grafické vysetfeni provadélo rutinné pred implantaci
a <24 hodin po implantaci CIED, byl novy mensi perikardial-
ni vypotek (< 10 mm v diastole) nalezen aZ u 8,3 % pacientd,
pricemz stfedné vyznamny (11-20 mm) a velky (> 20 mm)
vypotek byl pfitomen u 0,4 %, resp. 1,5 % pacientd. Vy-
potek je asymptomaticky u 94 % pacientd, a ve vétsiné
pfipadud tak zUstava neodhalen. Pfi bolesti v disledku po-
drazdéni perikardu Ize zacit podéavat antiflogistika. Pacien-
ty s mirnym nebo stfedné vyznamnym vypotkem je nutno
dlsledné monitorovat a s dohledem pokracovat i po jejich
propusténi, aby se vyloucila recidiva/zhorseni vypotku.
V pfipadé hemodynamické nestability nebo velkych vy-
potkl je nutno provést periokardiocentézu, a tento vy-
kon zvazit i u pacientt se stfedné vyznamnym vypotkem,
ktery rychle neustupuje, zvlasté pokud pacient potrebu-
je protidestickové léky a/nebo antikoagulancia. Probiha
diskuse na téma, zda u pacientd, ktefi vyzaduji perikar-
diocentézu, je nutno provést revizi elektrod. V retrospek-
tivnim souboru 48 pacientl s jednoznacné prokazanou
perforaci byla u deseti provedena perikardiocentéza pro
tamponddu; nasledné byli Ié¢eni konzervativné bez revi-
ze elektrod, pficemz k recidivé vypotku béhem sledové-
ni doslo pouze u jednoho pacienta. Konzervativni [éc¢ba
perforace byla nicméné spojena s celkové vyssi incidenci
komplikaci, hlavné tamponady béhem dalsiho sledovani
u pacientl s plvodné nulovym/mirnym vypotkem (z nichz
vétsiné byla poddvana antiagregancia a antikoagulancia).
U pacientt s perforaci je proto nutno revizi elektrod pec-
livé zvazit. Vétsina pripada premisténi/vymény elektrody
probéhne bez jakychkoli komplikaci. Zjevné transmuralni
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Tabulka 7 - Faktory ovliviiujici riziko perforace elektrodou

uvadeéné v literature

Zvysené riziko

Vyssi vék

Zenské pohlavi

Index télesné hmotnosti < 20
Blokada levého Tawarova raménka
Vyssi ejekéni frakce levé komory
Srdecni selhani

Uzivani steroidl

Uzivani antiagregancii

Docasnad stimulace

Maly prdmér elektrod u ICD
Elektroda s aktivni fixaci

Vice nez jednodutinové zafizeni (sifiova elektroda)
Lateralni sinova elektroda
Elektroda v hrotu pravé komory
Delsi skiaskopické vysetfeni

SniZené riziko

Systolicky krevni tlak v pravé komore > 35 mm Hg
Predchozi kardiochirurgicky vykon

Index télesné hmotnosti > 35

Fibrilace sini

Diabetes mellitus

Vétsi objem vykonu operatérem provadéjicim implantaci

ICD - implantabilni kardioverter-defibrilator.

perforaci je nicméné nutno fesit na pracovistich s poho-
tovostnim tymem nepretrzité pfipravenym na chirurgické
vykony v oblasti srdce a hrudniku. Zvysené riziko infekce
v dasledku ¢asné opakované intervence Ize snizit pomoci
antibakterialni obalky.

Rizikové faktory pro perforaci elektrod jsou uvedeny
v tabulce 7. | kdyz nékolik studii popsalo zvySenou inci-
denci perforaci u elektrod s aktivni fixaci, nedavno prove-
dena velkd studie neprokazala zadny rozdil oproti elek-
trodam s pasivni fixaci. Pouziti sifovych elektrod s pasivni
fixaci nebo systému (v pripadech, kdy neni stimulace sin{
nutnd) Ize nicméné zvazovat u pacientt s predpoklada-
nym vysokym rizikem perforace, i kdyz siriovy undersen-
sing lze pozorovat pfiblizné u 10 % pacienta.

Arytmie
Na vznik arytmii okamzité upozorni kontinudlni moni-
torace EKG béhem implanta¢niho vykonu. U pacientu
s blokdadou levého Tawarova raménka jako zadkladnim
onemocnénim muze béhem umistovani komorové elek-
trody dojit k rozvoji tranzitorni traumatické atrioventri-
kularni blokady. LékaF provadéjici implantaci musi tuto
komplikaci predvidat a mit pfipravené kabely k prove-
deni docasné stimulace pomoci externiho méficiho pfi-
stroje (dokonce jesté pred fixaci elektrod). Po ruce muze
byt i zaloZni transkutanni stimulace. Blokada sice obvyk-
le sama vymizi béhem nékolika minut, v nékterych pfi-
padech vsak mUze pretrvavat po nékolik hodin.

S nesetrvalou komorovou tachykardii se lze setkat
Casto pfi umistovani elektrody do pravé komory, zvlasté

béhem manipulace s elektrodou a pfi povytahovani elek-
trody z RVOT. Ve vzacnych pfipadech dochazi k vyvolani
setrvalé komorové tachykardie nebo k fibrilaci komor; jeji
feSeni si mUze vyZzadat overdrive stimulaci nebo provede-
ni kardioverze/defibrilace. Pfi umistovani elektrod muze
rovnéz dojit k flutteru/fibrilaci sini.

Doporucuje se mit defibrila¢ni elektrody jiz pfed im-
plantaci nalepeny na pacientovi, aby se v pfipadé urgent-
niho pouziti zabranilo poruseni sterilniho pole.

Pneumotorax

Incidence pneumotoraxu se pohybuje v rozmezi od 0,4 %
do 2,8 % a zavisi na zvoleném zilnim pfistupu pro im-
plantaci. Podezfeni na rozvoj pneumotoraxu vznika pfi
aspiraci vzduchu béhem zavadéni jehly, i kdyz tomu tak
vzdy neni. Rozsahly pneumotorax lze zobrazit skiaskopic-
ky. Rutinni rentgenové vysetfeni srdce a plic je nutno pro-
vadét do 24 hodin u vSech pacientu. V pfipadé podezieni
na pneumotorax je nutno provést rentgenové vysetireni
srdce a plic okamzité a opakovat jej po nékolika hodinach
nebo nasledujici den, protoze tato komplikace nemusi byt
zpocatku viditelna. PFi podezieni na tuto komplikaci Ize
v pfipadé negativniho vysledku rentgenového vysetreni
provést i CT scan. V pripadé malého spontanniho pneu-
motoraxu muze casto stacit konzervativni Ié¢ba s dispen-
zarizaci az do jeho vymizeni. Ve vétsiné jinych pfipadu je
nutno zavést hrudni drén.

Mezi rizikové faktory rozvoje pneumotoraxu patii vék
> 80 let, Zenské pohlavi, nizky BMI, chronickd obstruk-
¢ni plicni nemoc a punkce podklickové Zily. Pro zabrdnéni
této komplikace je nutno idedlné preparovat cefalickou
zilu nebo provést punkci podpazni zily, pficemz pouziti
~mikropunk¢ni” jehly mize minimalizovat poskozeni plic.

Hematom v oblasti kapsy

Incidence hematomu v oblasti kapsy se v zavislosti na de-
finici a rlznych faktorech, jako napfiklad antikoagulac-
nim rezimu, pohybuje v rozmezi od 0,2 % do 16,0 % a je
spojena pfiblizné s devitinasobné vyssim rizikem infekce.

Vzhledem k 15nasobnému zvyseni rizika pfi reinter-
venci je tfeba — lze-li — dat prednost konzervativni 1é¢-
bé, nicméné v pripadé dehiscence rany nebo kozni eroze,
tézké bolesti, otoku paze, parézy pazni pletené nebo pfi
kompromitaci arteridlni prichodnosti je nutno bezod-
kladné provést chirurgickou revizi. Vykon musi provadét
operatér se zkuSenostmi s implantaci za nejpfisnéjsich
opatreni; je rovnéz nutno zvazit pouziti antibakterial-
ni obalky. Aspirace jehlou je kontraindikovéna, protoze
nezajistuje uplnou evakuaci krve a midze vést k priniku
infekce do kapsy.

Vzniku hematomu v oblasti kapsy je nutno predejit op-
timalni perioperacni pfipravou za pouziti antikoagulancii
a antiagregancii (viz oddil Pfedoperacni pfiprava a tabul-
ku 3). Normou navic musi byt sprdvna chirurgicka tech-
nika s minimalnim poskozenim tkané pfi respektovani
anatomickych rovin a maximalni pozornosti vénovanou
hemostaze. Hemostatické vstfebatelné sutury Ize zalozit
na mistech Zilniho vstupu (nevstfebatelné sutury mohou
ztéZovat budouci extrakci elektrod v pfipadé potreby).
Bylo sice popsdno pouziti odsavaciho drénu, kvuli oba-
vam z infekce se viak jednd o kontroverzni feSeni. Exis-
tuje malo ddkazu o ucinnosti hemostatik. Pro zabranéni
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vzniku hematomu muze byt vhodné pouziti kompresnich
sacku s piskem, pasek nebo mechanickych pomucek.

Lokalni a systémova infekce CIED

Infekce CIED predstavuje zavaznou a potencidlné Zivot
ohrozujici komplikaci. Jeji incidence se uvadi v rozmezi od
0,6 % do 3,4 %.Podrobny popis diagnostiky, l1écby a pre-
vence lze nalézt v nedavno publikovaném konsenzualnim
dokumentu EHRA.

Dislokace elektrody

Dislokace elektrody se uvadi v 1,2-3,3 % implantacnich
vykonu. Ve vétsiné pripadl dochazi k dislokaci elektrody
jesté pred propusténim pacienta. Incidence je vyznamné
vy$si u sinovych nez u komorovych elektrod. Byl zazna-
menan trend smérem k mensimu poctu pripadud dislokace
u elektrod s aktivni fixaci nez u elektrod s pasivni fixaci.
Diagndza se obvykle potvrzuje rentgenovym vysetienim
srdce a plic po abnormalnim vysledku testovani elektric-
kych funkci; mikrodislokace vSak nemusi byt zjevna. Dis-
lokace obvykle vyZaduje revizi, ta vSak nemusi byt nutn4,
pokud neni funkce elektrody ohroZzena nebo neni abso-
lutné nezbytna a nevyskytuji se Zadné nezadouci ucinky
jako napriklad arytmie. Pokud je nutno elektrodu premis-
tit, mél by se tento vykon odlozZit — je-li to mozné - o né-
kolik tydnd, aby se omezily bolest a riziko infekce.

Jiné komplikace

Neumyslnou punkci tepny je nutno zjistit jeSté pred za-
vedenim pouzdra, a to podle pulsujiciho toku krve, jasné
Cervené barvy krve nebo podle polohy vodiciho dratu. Ob-
vykle postaci prosté stlaceni tepny, ale pfi jiz zavedeném
pouzdre si feeni této komplikace mize vyzadat pouziti
specidlnich uzaviracich zafizeni nebo chirurgickou revizi.

Vzduchovéd embolie mze vyvolat hemodynamickou nesta-
bilitu a je potencidlné smrtelna. K jejimu vzniku pfispiva chra-
pani nebo hluboké dychani a lze ji zabranit tak, Ze operatér
na prechodnou dobu zakryje prstem pouzdro a elektrodu
zavede béhem zadrzeného dechu/vydechu nebo s pouzitim
pouzder s hemostatickymi chlopnémi. Skiaskopické vysetreni
pfitom prokazuje pfitomnost vzduchu v pravé komore a plic-
nici. Pacienti mohou byt asymptomaticti nebo si stéZovat na
dyspnoe. Pacienty je nutno uloZit do Trendelenburgovy po-
lohy, podavat jim 100% kyslik a v pfipadé potfeby je nutno
vzduch odsat (napf. preformovanym ,,pigtail” nebo Judkinso-
vym katétrem pro diagnostiku pravé koronarni tepny.:

K rozvoji pneumoperikardia maze dojit v dasledku per-
forace sinovymi elektrodami v kombinaci s pravostran-
nym pneumotoraxem. Tento stav mize pfi rentgenovém
vySetieni Iékar prehlédnout; mlze vzniknout i potreba
provést CT sken. Problém se fesi drenazi pneumotoraxu.

Akutni hluboka Zilni trombdza pristupové Zily se mlze
vzacné vyskytnout béhem nékolika dni, pfipadné mésica
¢i let po implantaci a ve vzacnych pfipadech mize byt
spojena s plicni embolii. Symptomy obvykle ustoupi po
poddani heparinu s naslednou peroralni antikoagulaci.

Pooperacni péce

Do 24 hodin od implantace elektrody je k vylou¢eni roz-
voje pneumotoraxu a zadokumentovani polohy elektro-

dy nutno u vSech pacientll provést rentgen srdce a plic
(postero-anteriorni a laterdIni projekce). Pfed propusté-
nim pacienta je nutno natocit 12svodovy EKG a zafizeni
dukladné zkontrolovat.

Pacienti se mohou volné pohybovat okamzité po zota-
veni ze sedace; vybrané jedince je pfitom mozno propus-
tit tentyz den. Nejsou k dispozici dikazy, Ze by omezeni
pohybu paZe po implantaci zabranilo dislokaci elektrody,
protoze fixace implantovaného zafizeni fibrézou vyza-
duje celé mésice. Studie s randomizaci standardni péce
(s omezenim abdukce a zdvihani ¢inek po dobu sesti tyd-
nl) oproti cvikim se zapojenim ramene nalezla vyznam-
né mensi bolest ramene po jednom mésici u druhé z uve-
denych skupin (33 % vs. 5 %; p = 0,02). Proto je nutno
vyhnout se pouzivani zavésl paze.

Pacienta je nutno informovat o pooperacni péci, ideal-
né formou pisemnych pokynd. Rana musi zUstat radné
zakryta obvazem po dobu 2-10 dni. Pokud ma pacient
vodovzdorny kryci material, smi se sprchovat, jinak pfi-
blizné az po tydnu; mezitim si muze otirat horni ¢ast téla
vlhkou osuskou. Vhodnéjsi nez rutinni prohlidka rany je
konzultace s pacientem, na kterou se sam objedna. Pa-
cienti se museji dostavit do ordinace po 1-3 meésicich,
protoze odloZzeni ndvstévy o > 12 tydnu je spojeno s ne-
Zzadoucim vyslednym stavem. Uzite¢né pro ¢asné zjisténi
technickych problému mize byt monitorovani funkce za-
fizeni na dalku.

Specifické aspekty implantace ICD

PFi implantaci ICD se postupuje stejné jako v pfipadé KS.
Pozornost si nicméné zaslouzi nékteré specifické aspekty
vykonu. Vzhledem k riziku zvyseného defibrila¢niho pra-
hu (defibrillation threshold, DFT) a vyssi celkové mortalité
pfi pravostranném pfistupu (i kdyz komorbidity vyzaduiji-
ci pravostranny pfistup jako hemodialyza nebo nadorova
onemocnéni mohou vysledky zkreslovat) je tfeba prefe-
rovat implantaci zafizeni na levou stranu téla. Testovanim
funkce defibrilace se zabyva jiz expertni konsenzualni do-
kument o optimalnim programovani a testovani ICD, ktery
v roce 2015 vydaly odborné spolecnosti Heart Rhythm Soci-
ety (HRS)/EHRA/Asia Pacific Heart Rhythm Society (APHRS)/
SOLAECE; dosud pfitom nebyly publikovany Zadné nové
udaje, které by vyZzadovaly upravu téchto doporuceni.

Kvalita signalu
Pro radné fungovani algoritm0 rozlisujicich srdec¢ni ryt-
mus je obzvlasté dulezitd kvalita signdlu ze sini a komor.
Napfiklad sifovy undersensing béhem supraventrikularni
tachykardie splriuje kritérium V > A, a zafizeni tak bude
chybné diagnostikovat komorovou tachykardii. Mala am-
plituda kmitu R maze zpusobit undersensing komorovych
arytmii a zvysuje riziko oversensing T viny v disledku au-
tomatického nastaveni senzitivity. Senzovand amplituda
naméfend pomoci externiho analyzatoru nemusi v da-
sledku rozdild v nastaveni filtru a regrese COI odpovidat
amplitudé generatoru. Proto je vhodné pred uzavienim
kapsy zkontrolovat amplitudu signalu detekovanou ge-
neratorem.

Civka integrovanych bipolarnich elektrod je soucasti
snimaciho okruhu, a pokud je umisténa v blizkosti prsten-
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ce trojcipé chlopné, zaznamenava signaly ze siné az u 11
% pacient(, s rizikem dvojitého pocitani a nasledné ne-
vhodné lécby. Proto je nutno po implantaci téchto elek-
trod komorovy EKG zdznam peclivé zkontrolovat z hle-
diska pritomnosti nizkoamplitudovych sifovych signala.

Stejné jako pfi jakémkoli vykonu u pacienta, v jehoz
téle byly ponechany plvodni elektrody, je nutno dulsled-
né zabranit kontaktu s jiz dfive implantovanymi elektro-
dami, coz by mohlo vést k falesné detekci arytmii nebo
k zablokovani stimulace. To je obzvlasté dllezité pfi pou-
ziti integrovanych bipolarnich elektrod, které mohou byt
nachylné ke vzniku tohoto jevu.

Aby se dodrzela schvalenda kompatibilita implantatu
s magnetickou rezonanci (MR), je vhodné implantovat elek-
trody a generatory signalu ICD od stejného vyrobce. Kromé
toho by zpracovani signalu, specifické pro kazdého vyrobce
a sensing elektrod, mohlo pusobit problémy s detekci. Navic
bylo popsano zvyseni hodnot podprahové impedance v di-
sledku oxidace mist styku pinG elektrod se zapustnymi Srou-
by, které mohou byt vyrobeny z rliznych materialt a které
nebyly zkouseny z hlediska kompatibility.

Poloha pravokomorové elektrody

Ve trfech studiich celkem se 146 pacienty byly randomizo-
vany polohy elektrod ICD do skupin s RVOT a RVA; pfitom
nebyly pfi podobné namérenych prahovych hodnotach
zjistény zadné vyznamné rozdily v DFT. Ve dvou vétsich

studiich s randomizovanym umisténim elektrod ICD bud

do RVS, nebo do RVA nebyly mezi skupinami nalezeny
z4dné vyznamné rozdily ve vysledcich. Ve studii SPICE (do
niz bylo zafazeno 299 pacientu) vsak skupina RVS vykazo-
vala sklon k vy33i incidenci DFT > 25 J (5,0 % vs. 2,1 %; p
=0,21) a vy$s§im poctlm revizi elektrod ICD (6,9 % vs. 3,2
%; p = 0,57). Ve studii SEPTAL, do niz bylo zafazeno 215
pacientl, vykazovala skupina s RVS vyssi celkovou morta-
litu (7,9 % vs. 2,9 %; p = NS). Hlavnim problémem v téchto
studiich je, Ze ,mid-septalni” poloha elektrody se ovéro-
vala pouze v LAO projekci, coz neni — jak jiz uvedeno vyse
— dostacujici. Je tedy pravdépodobné, Ze mnoho elektrod
bylo implantovano do predni volné stény a Ze skutec-
na septalni poloha elektrod ICD nebyla fadné ovérena.
Z téchto divodl muze byt vhodnéjsi implantovat elektro-
dy ICD do RVA a v pfipadé suboptimalnich hodnot elek-
trickych parametrd nebo s cilem zabranit perforaci srd-
ce spojené s pouzitim tenkych elektrod ICD a nékterymi
charakteristikami pacientl Ize uvazovat i o alternativnich
mistech (viz tabulku 7).

Jednocivkové versus dvoucivkové elektrody ICD

Vzhledem k tomu, Ze proximalni civka dvoucivkovych
elektrod ICD je pokryta fibrotickou tkani az k horni duté
pozorovat jisty odklon od tohoto typu elektrod. Meta-
analyza 16 studii nalezla klinicky nevyznamné sniZzeni DFT
u dvoucivkovych elektrod (prdmér 0,81 J; 95% Cl 0,31-
1,30 J) pfi nulovém rozdilu v G¢innosti prvniho vyboje.
Dvoucivkové elektrody mohou nicméné vykazovat vyssi
frekvenci konverze po vyboji v pfipadé sifiovych arytmii
(44,0 % vs. 28,8 %; p = 0,07 ve studii SIMPLE) a nabidnout
dodatecné morfologické vektory pro rozliSovani rytmu.
Pouziti dvoucivkovych elektrod muze byt pfinosné i pro
vybrané pacienty s pravostranné implantovanym ICD.

Konektory DF-4 vs. DF-1

Standard DF-4 je u implantujicich |ékara oblibeny, pro-
toze usnadriuje pfipojeni elektrod. Ve srovnani s elektro-
dami DF-1 vSak nabizi méné mozZnosti, jako je napfiklad
pozadavek implantovat stimulacni elektrodu pfi ,sestu-
pu” (downgrading) z ICD na KS (napf. béhem vymény
generatoru u super-respondérd na CRT). Neexistuje ani
moznost (bez adaptéru) implantovat samostatné civky
(stand-alone coils) (napf. do v. azygos) ani pridatné pod-
kozni elektrody (arrays) v pfipadé vysoké hodnoty DFT,
pfipadné zaménit piny IS-1 konektoru u levokomorovych
elektrod béhem vymény generatoru u pacientl s funkéni-
mi elektrodami stazenymi vyrobcem z trhu.

Specifické aspekty vymény KS a ICD

V registru REPLACE jsou ulozeny prospektivni udaje 1 750
pacientd s elektivni vyménou generdtoru impulsd. Inci-
dence zdavaznych nezadoucich pfihod po Sesti mésicich
sledovani dosahla 4,0 % (pfi vyméné pouze generatoru)
a 15,3 % (soucasné s elektrodou). Mezi vétsinu komplika-
ci patrily dislokace elektrod nebo jejich chybna funkce,
tvorba hematomu a vznik infekce. Vyménu generatoru
Casto provadéji sami mladsi Iékafi, coz je vzhledem k uve-
dené vysoké incidenci nezadoucich pfihod sporny postup.

ProtoZze vyména generdtoru predstavuje pfilezitost pro
upgrade zarizeni (na ICD nebo CRT), pfipadné pokud se
u super-respondérl nebo starnoucich pacientll zvazuje
Jsestup” (downgrade) z CRT-D na CRT-P, je nutné znat
hodnotu ejekéni frakce levé komory pacienta. Je rovnéz
nutno znat hodnoty elektrickych parametrd zaznamena-
vanych béhem sledovani, aby bylo mozno je porovndvat
s aktudlnimi nalezy. U pacientl s velmi starymi elektroda-
mi je vhodné zkontrolovat standard konektoru elektrody
(napf. 5 mm nebo LV-1) a zajistit dostupnost poZzadované-
ho hardwaru. Je rovnéz vhodné zjistit, zda jsou nékteré
elektrody stazeny vyrobcem z trhu nebo k nim vyrobce
vydal upozornéni na pfipadnou chybnou funkci, protoze
jejich ponechani v téle nebo extrakce s vyménou vs. jejich
dalsi pouzivani je tfeba zvazit jesté pred naplanovanim
tohoto vykonu. Elektrody ponechané v téle Ize bud za-
slepit, nebo prerusit (pficemz je nutno dbat na to, aby se
zabranilo vy¢nivani kovovych soucasti i ucpani lumen krvi,
coZ by mohlo ztizit jejich budouci extrakci). Elektrody po-
nechané v kapse je nutno fixovat, aby se zabranilo jejich
migraci pod kzi. U pacientd s dvoudutinovym zafizenim,
u nichz doslo k rozvoji trvalé FS, pfipadaji v uvahu jako al-
ternativni feSeni bud ponechani tohoto dvoudutinového
zarizeni v téle, aby se zachovala kondicionalita MR, nebo
ponechani sinové elektrody in situ.

Pacienti, ktefi nutné potrebuji KS, maji obvykle na-
hradni (escape) rytmus, ktery se objevi po néjaké dobé
stradvené ve VVI 30 tepd/minutu. Jinak tento problém té-
mér ve vsech pripadech vyresi podani isoprenalinu (1-10
mg/min) nebo pomoci doc¢asné stimulace.

Pfed incizi kliZze se doporucuje provést rentgenové vy-
Setrfeni srdce a plic nebo skiaskopické vysetfeni s vysokym
rozlisenim, aby bylo mozno posoudit poskozeni elektro-
dy, pficemz se pozornost vénuje zvlasté podklickové ob-
lasti, mistu fixacnich navlekl i oblastem podél elektrod,
zvlasté ve specifickych situacich (napf. externalizace vodi-
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Ce u elektrod Riata). Tak se rovnéz ziskaji informace o pfi-
tomnosti elektrod ponechanych v téle (coz je dalezité pro
MR kondicionalitu/kompatibilitu) i o poloze implantatu
a elektrod v kapse. Nezavisle na pocatecni incizi je nutno
zalozit pfistup pfiblizné 1 cm lateralné nebo superiorné
k jiz vytvorené kapse (nikdy ne nad generdtorem), aby se
zabrénilo poskozeni elektrod a vytvofil maly prostor mezi
uzavienim kuze a kapsou pro pfipad vzniku hematomu
nebo superficidlni infekce. Rez Ize provést nad pavodni
jizvou, pokud je to Zadouci z kosmetickych dlvodl a po-
kud jizva neprekryva kapsu.

Pri disekci fibrotické tkané kolem elektrod Ize pouzit
elektrokauterizaci v rezZimu fezani s nastavenou nizkou
energii podél pribéhu elektrody bez zbytecné dlouhé ap-
likace energie na jednom misté. Nevhodna technika elek-
trokauterizace mize vést k tepelnému poskozeni izolace,
pricemz toto riziko lze omezit pouzitim plazmovych chi-
rurgickych nastroju. Elektrokauterizaci je nutno provadét
s maximalni opatrnosti nad generdtorem (nesmi dojit do
styku s kovovym plastém ani s vodici civkou, protoze tak
by mohlo dojit k poskozeni izolace elektrody a nasledné-
mu vyvolani komorové arytmie).

Elektrody mohou byt k hlavé implantatu pfituhlé, pak
je lze uvolnit bud ortopedickou vrtackou, nebo skalpe-
lem (pfistupem zezadu od hlavy a vytazenim elektrody
francouzskym klicem), fezackou kosti ¢i injekéni aplikaci
rozpoustédla (Cistého etanolu) do hlavy jehlou. Rovnéz
je mozné po odstranéni zapustného Sroubu injikovat ko-
lem pinu lubrikant. Aby se predeslo tomuto problému, je
tfeba zajistit, aby na pinech elektrody nebyla pred jejich
zasunutim do hlavy implantatu Zzadna krev. Zatuhly mdze
byt i zdpustny Sroub, takze k jeho vySroubovani bude nut-
no pouzit imbusovy kli¢. Pokud jsou hrany zapustného
sroubu strzené tak, Ze nelze klicem vyvinout dostatecny
zkrutny moment, je nékdy mozné odstranit silikonovou
prichodku a nasledné zapustnym Sroubem otacet.

U nékterych pacientl |ze poskozeni elektrody zobrazit,
pficemz se zjisti, Ze mUZe byt obtizné implantovat novou
elektrodu (napf. v ptipadé obstrukce v Zile nebo u fragil-
niho pacienta). V téchto pfipadech je uzitecné mit u sebe
servisni sadu se silikonovymi ochrannymi kryty a lepidlem
i nastroje pro spojovani elektrod (napf. adaptéry pro zé-
chranu zlomené elektrody).

Zaveéry

Nastroje a techniky implantace danych zafizeni, stejné
jako edukace v této oblasti, se béhem let postupné vy-
vijely. Stale vice se pfi Skoleni a vyuce implantace zafi-
zeni v bezpecnych podminkdach pouzivaji simulatory vir-
tualni reality; tyto simulatory jsou uzite¢nymi pomocniky
pfi edukaci. Tento dokument poskytuje ramcové pokyny
a informace pro standardizaci implantace KS a ICD. Ko-
necné standardizaci vykonu a vyvarovani se pouzivani
nevhodnych technik tento dokument pfispéje ke zlepseni
vysledného stavu pacient(.

Dodatkovy material

Dodatkovy material je k dispozici na strankach Europace
online.

Tabulka — Obecné aspekty

Hlavni zasady Trida  Dukaz

Indikace k implantaci zafizeni musi vychazet
ze soucasnych doporucenych postupt a brat v E
v Uvahu specifické potieby pacienta.

Operacni sal/katetrizacni sal nebo elektrofy-
ziologickd laboratof museji splriovat aseptické
standardy pro implantaci cizich téles a byt
ventilovany v rezimu > 15ndsobné vymény v
vzduchu/hodinu (idedIné 20-25nasobna vymé-
na/hodinu).

Vykon musi provadét bud zrucny lékar, nebo
operatér teprve sbirajici zkusenosti pod dohle-
dem zrucného lékare s certifikdtem EHRA v E
2. stupné nebo s narodnim certifikatem, pfi-
padné s dokonalymi znalostmi v dané oblasti.
Lékari provadéjicimu implantaci musi pfi vy-
konu kromé instrumentérky asistovat alespon

jeden odborny zdravotnicky pracovnik nebo v E
zdravotni sestra.

V pohotovosti musi byt snadno dostupna v E
moznost anestezie.

Operatér nebo jiny pritomny lékai musi byt v E
schopen provést urgentni perikardiocentézu.

Expozici ozafeni je nutno omezit na minimum. v E

E - dukazy a nézor expertd; EHRA - European Heart Rhythm
Association; M — metaanalyza; O - observacni studie; R - randomi-
zované studie.

Tabulka - Hlavni zasady pro konkrétni kroky béhem vykonu

(na zakladé konsenzu)

Hlavni zasady na zakladé konsenzu Trida Dukaz

Je tfeba zajistit perioperacni preventivni opat-

feni na zékladé konsenzualniho dokumentu

EHRA z roku 2019 tykajiciho se prevence, v E
diagnostiky a feseni infekci implantabilnich

elektronickych zafizeni v oblasti kardiologie.

Zajistit odpovidajici/dostatecnou sedaci a lokal-
ni anestezii v ramci davkovacich limitd (napf. | o
lidocain 4,5 mg/kg).

V piipadé nového implantéatu vytvofit kapsu

na zac¢atku vykonu. E
Prednost se dava vytvoreni subfascialni prepek-
toralni (subkutanni) kapsy spiSe nez submusku- v E

larni kapsy.

Vytvoreni submuskuldrni kapsy maze byt vhod-
né u pacientl s nizkym BMI vzhledem k riziku E
eroze kapsy nebo z kosmetickych ddvodu.

Pro zajisténi zilniho pfistupu se dava prednost
punkci podpazni zily nebo preparaci cefalické | R, M
zily.

Pokracovani na dalsi strané
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Tabulka - Hlavni zasady pro konkrétni kroky béhem vykonu

(na zakladé konsenzu)

Tabulka - Hlavni zasady pro konkrétni kroky béhem vykonu

(na zakladé konsenzu)

Hlavni zasady na zakladé konsenzu Trida Hlavni zasady na zékladé konsenzu Trida Dukaz
y y
Vzhledem k riziku rozvoje pneumotoraxu Elektrody museji byt fixovany na fascii
a selhani elektrody se punkce intratorakalni v a sval pomoci kotevniho uzlu s dalSimi v E
podklickové zily nesmi pouzit jako pfistup poutky pro zajisténi sleeve k elektrodé.
prvni linie. Generétor impulstl Ize fakultativné E
V pFipadé selhani pfistupu podpazni Zilou fixovat ke svalové vrstvé.
nebo preparaci cefalické Zily Ize pouzit v Aby se zabrénilo migraci elektrod a generato- E
punkci intratorakalni pOdk|I’5k0Vé 2|’|y ru, musi byt kapsa uzaviena. '
Punkci podpazni Zily cilenou na oblast
prvniho zebra Ize provést pod skiaskopickou E.— dukazy a négor expgrtﬁ; M - metaanalyza; O - observacni stu-
kontrolou nebo pod kontrolou ultrazvukem. die; R - randomizované studie.
Aby se maximalné omezila moznost
rozvoje pneumotoraxu, Ize pro punkci
podpazni zily pouzit kaudalni 35° projek- Tabulka - Hlavni zasady pro implantaci ICD (na zakladé
ci s ndklonem. konsenzu)
Pro zajisténi Zilniho pfistupu v pripadé Hlavni zasady na zakladé konsenzu Trida Dukaz
se’lf;]atr:l é)tmkct;e S.plfmof,' {lnych or!elp'c.ac- Vzhledem k niz$im prahovym hodnotam defib-
E'Fh odu n.T( OjabO pristup F;rﬂvm inie v rilacnich vyboju (i tomu, Ze u vétsiny pacientl v 0
k? em -\II(YCVI unebou pacnent U's vyso- neni levd strana dominantni) je nutno davat
ym rizikem rozvoje pneumotoraxu je prednost levostranné implantaci ICD.
nutno provést vysetieni zilniho systému.
Gy . . Testovani defibrila¢ni funkce je fakultativni
V pripadé stendzy/obstrukce zil Ize zvazit a lze jej vyhradit pro speciélni situace. v R, M
provedeni venoplastiky.
Pro k timulaci | it Jednocivkové elektrody ICD je nutno pouzivat
Iroktorr(;or.ovkou s |['nula:| kzek;;puzllf_ ] ve vétsiné pripadd, aby se zabranilo adhe- v 0
elextrody jax s pasivni, tak aktivni Tixacl, zim proximalnich civek, které ztézuji jejich
avsak pro umisténi elektrody v mezi- v extrakci
komorovém septu je nutno pouzit typ '
s aktivni fixaci. Dvoucivkové elektrody ICD mohou byt vhodné
L 5 ve specidlnich situacich (nap¥. vysoké defib-
Hodnojcyhelﬁkglcké/chwpararlne’iru .pravol'<’o ) rilacni prahy, pravostrannd implantace, vice 0
morovych elektrod pri implantaci museji moznosti pro intrakardialni EKG zaznam atd.).
dosahovat cilovych prahovych hodnot v
ZfChyu,j Z 1'\5/\//9'5 m;, snlmaa’am'plltudy E - dlkazy a ndzor expertl; ICD — implantabilni kardioverter-de-
alespon & MV a Impeaance v ramci nor- fibrilator; M — metaanalyza; O - observacni studie; R - randomizo-
malnich limitG pro danou elektrodu. vané studie
Preferovanym mistem prvni linie pro
sifovou stimulaci musi byt predni ¢ast
pr.avelho ouskva) 5 alicernatlvrjlmrlln}lsr;cy v Tabulka - Hlavni zasady pro vyménu kardiostimulatoru
stimu aieov(prlpéldve S:b‘?p:"g,&l’,:'c ) a generatoru ICD (na zakladé konsenzu)
parametrd (napf. Spatna stabilita nebo
hodnoty elektrickych parametra). Hlavni zasady na zakladé konsenzu Trida  Dukaz
Pro zabranéni perforace sini Ize jako Pfed vyménou generatoru je nutno znat
alternativy k elektrodé s aktivni fixaci Klinicky stav a ejekcni frakci levé komory v E
pouzit elektrodu tvaru J s pasivni fixaci. pauen(;ca, aby byl(; mgzno posoudit potfebu
upgradu na ICD a/nebo CRT.
Pri implantaci pravosifiovych elektrod ?g o ] ) )
Ize rutinné pouzivat rtizné skiaskopické Pred vyménou generatoru Je nutno rutin-
projekce. né kontrolovat standardy pinG konektoru v E
. - elektrody.
Hodnoty elektrickych parametrd pfi L ] ]
implantaci sifiovych elektrod museji Pfed vyménou generatoru je pro kontrolu
dosahovat cilovych prahovych hodnot < neporusenosti elektrody nutno provest rent- v E
1,5 V/0,5 ms, snimaci amplitudy > 1,5 mV v gen srd’ce a p|l£ nepo skiaskopické vysetreni
pfi far-field R-viné < 20 % amplitudé viny s vysokym rozlienim.
P a impedance v normalnich limitech pro Elektrokauterizaci je nutno v pfipadé blizkosti
danou elektrodu. generatoru nebo poskozeni izolace elektrody
U elektrod s aktivni fixaci musi prodlou- provadét velmi opatrné, protoZe v opacném v 0
Zeni spirdly vychézet ze skiaskopickych v pfipadé by mohlo dojit k vyvolani Zivot ohro-
orientacnich bodu, a ne z po¢tu otacek. zujicich komorovych arytmii.
U elektrod s aktivni fixaci musi byt CRT - srde¢ni resynchroniza¢ni lé¢ba; E - diikazy a nazor expert(;
jednoznacné ziejmé hodnota proudu v

z poskozeni.

Pokracovani v pravém sloupci

ICD - implantabilni kardioverter-defibrilator; M — metaanalyza;

O - observacni studie; R — randomizované studie.
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Tabulka - Hlavni zasady pro feseni komplikaci (na zakladé

konsenzu)

Tabulka - Hlavni zasady pro pooperacni péci (na zakladé
konsenzu)

Hlavni zasady na zakladé konsenzu Trida Hlavni zasady na zakladé konsenzu Trida  Dukaz

Velké vypotky (> 20 mm v diastole) nebo vy- U vSech pacientl po implantaci elektrody

potky bez ohledu na velikost, které vyvolavaji v a pred jejich propusténim je nutno provést

hemodynamickou nestabilitu, je nutno fesit rentgenové vysetieni srdce a plic (v postero- v E

perikardiocentézou. -anteriorni a, Ize-li, v lateralni projekci) k vy-

Stredné vyjznamné vypotky (11-20 mm Ioulce;]nl plnﬁtjmgtoraxu a zadokumentovani

v diastole), které rychle neustupuji, |ze resit polohy elektrody.

perikardiocentézou. Po implantaci zafizeni a zotaveni ze sedace se v E

Pacienty se stabilnimi mirnymi vypotky (< 10 pacienti mohou voiné pohybovat.

mm v diastole) je nutno dusledné monitoro- Aby se zabranilo tvorbé hematomu, muze byt

vat s pokracujici dispenzarizaci po propusténi vhodné pouzit kompresni sacky, pasky nebo tilka.

s cilem vyloucit recidivu/zhorseni vypotku. Pacienti nemuseji po implantaci zafizen

Revizi elektrody Ize indikovat u vybranych omezovat pohyb, protoze neni prokdzéno, ze

pacientu v pfipadé perforace, zvlasté u téch by se tak snizovalo riziko dislokace elektrody

vyzadujicich podavani antiagregancii a/nebo a mohla by se zintenzivnit bolest v rameni.

gntlkqagulancu,wprotoz_e Kznzekaatlvn:_llzzct{a Réna musi byt fadné zakryta po dobu 2-10 v E

je spojena se zvysenou incidenci komplikaci. dni, idelné vodovzdornym obvazem.

Pn_eytr?v%torax,vﬁo:(_td ngr|1| rga!y_nebc; ne\{y-v_t Po propusténi miize ve vétsiné pfipadl pri

miz! be r:emdnelho :j a malo dnl, J& hutno resi v jakychkoli problémech stacit konzultace, na 0

pomoci hrudniho drenu. kterou se pacient sdm objedna (tzn. misto

Hematomy je nutno lécit — pokud nejsou rutinni prohlidky rany).

pvrlvtolmny dehlscencg rany ngbo ko;nj eroze, Pacienty je nutno zkontrolovat v ordinaci

tézka bolest, otok rany, paréza pazni pletené/ lékare ba e v (0]

RPN . . v ékare béhem 2-12 tydnd.

postizeni pritoku krve tepnami, kdy je nutno

Erovest bf-_zocvikladne chirurgickou revizi - E - dlikazy a nazor expert(i; M - metaanalyza; O - observacni stu-
onzervativne. die; R - randomizované studie.

Aspirace krve jehlou se k evakuaci hematomu v

nesmi provadét.

E - dikazy a ndzor expertd; M — metaanalyza; O - observacni stu-

die; R — randomizované studie.
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Opustil nas profesor Koristek

Profesor MUDr. Vladimir Kofistek, DrSc., se narodil v roce
1927 v Zabludové na Letovicku. V roce 1951 promoval na
lékarské fakulté v Brné. Po promoci pracoval na chirur-
gickém oddéleni ve Svitavach a pak jako vojensky lékar
na chirurgické klinice prof. Bedrny v Hradci Kralové. Déle
pracoval na chirurgickém oddéleni Vojenské nemocnice
v Brné, odkud po odchodu z armdady odesel na I. chirurgic-
kou kliniku v Brné pod vedenim prof. Podlahy.

Zde se vénoval bFisni chirurgii, ale ihned se zacal velmi
intenzivné zabyvat vyzkumem v oblasti cévni chirurgie,
kterou povazoval za vysoce perspektivni obor. Kazdy ty-
den stravil mnoho hodin na experimentalnim sale, kde na
psech nasival na tepny Zilni zaplaty a provadél pfemos-
téni tepen autolognim Zilnim stépem. Jiz tehdy prefero-
val autologni zilni stép pred cévnimi protézami, pricemz
pouzival pokracujici steh, ktery byl v té dobé novinkou.
Zkusenosti z experimentu prendsel bezprostfedné do kli-
nické praxe a v kratké dobé se cévni chirurgie stala hlavni
naplni jeho prace.

V roce 1962 obhdjil kandidatskou dizertacni praci na
téma ,Pouziti Zilniho $tépu v cévni chirurgii”, a o rok
pozdéji habilitoval. V roce 1964 presel na Il. chirurgickou
kliniku FN u sv. Anny v Brné, vedenou profesorem Navra-
tilem, kde se zaméfil hlavné na cévni chirurgii.

V roce 1965 stravil rok na stazi v texaském Houstonu,
kde poznal predni svétové kardiochirurgy, Dr. De Bakey-
ho a Dr. Cooleyho. Tito chirurgové nejvice ovlivnili dalsi
profesni zaméreni profesora Kofistka, nebot mu ukaza-
li, jakym smérem se bude ubirat cévni a srde¢ni chirurgie
v Evropé.

V roce 1970 byl jmenovan mimofadnym profesorem
a stal se prednostou Il. chirurgické kliniky a katedry.

Od roku 1968 v uzké spolupraci s prof. Vasku rozviji ex-
perimentalni chirurgii, zamérenou hlavné na transplanta-
ci jater a mechanickou srde¢ni podporu v kardiochirurgii.
Jako prvni ve vychodni Evropé zavedl do klinické praxe
intraaortdlni balonkovou kontrapulsaci a mechanickou
srde¢ni podporu levé komory pneumatickym cerpadlem,
kdy oba systémy byly vyvinuty v Brné tymem prof. Vasku.

Kardiochirurgii se vénoval v celém jejim rozsahu, poci-
naje vrozenymi srde¢nimi vadami u déti, chlopennimi va-
dami, vydutémi hrudni a bfisni aorty. Zvlasté vynikajicich
vysledkd dosahoval pfi chirurgické lécbé Fallotovy tetra-
logie u déti. Mél velkou zasluhu na rozvoji operacni [é¢by
pro ischemickou chorobu srdecni revaskularizaci myokar-
du a prvni aortokorondrni bypass nasil kratce po prof.
Lichtenbergovi v roce 1971. Je pozoruhodné, Ze tyto ope-
race provadél zpocatku bez mimotéiniho krevniho obé-
hu a bez stabilizatord, které se dnes bézné pouzivaji. Jiz
pred 50 lety zastaval nazor, ze velka saféna je velmi cenny
material pro premosténi tepen a neméla by byt zbytecné
odstranovana pfi operaci varixt dolnich koncetin.

V roce 1968 zahdjil z podnétu akademika Haska rozsah-
ly experimentalni projekt — transplantace jater u prasat.
Vytvofil tym mladych a nadsenych spolupracovniku, ktefi
spolu s nim provadeéli po dobu 13 let tyto experimenty,
s cilem dosdhnout takovych vysledkd, které umozni za-
vést transplantaci jater do klinické praxe. To se podafilo
az v unoru 1983, kdy jsme na Il. chirurgické klinice v Brné
provedli prvni Uspésnou transplantaci jater ve vychodni
Evropé. Prvni pacient, kterému profesor Kofistek provedl|
transplantaci jater, pan Josef Minaf, dosud Zije v dobrém
ve svété. Za tuto svoji vyzkumnou cinnost byl profesor
Kofistek vyznamendn v roce 1984 Statni cenou Klementa
Gottwalda.

Obecné bylo znémo, ze profesor Kofistek ma velmi
dobré a pratelské vztahy se Slovaky, vzdy se aktivné zu-
Castrioval odbornych chirurgickych akci na Slovensku.
S pracovniky II. chirurgické kliniky v Bratislavé jsme se pra-
videlné vzajemné navstévovali a pfedhanéli v pohostin-
nosti, pficemz spolecensky program téchto setkani vzdy
predcil odbornou ¢ast programu.

V roce 1972 prosadil profesor Kofistek zahajeni pristav-
by II. chirurgické kliniky, z niz se v roce 1977 stalo samo-
statné kardiochirurgické oddéleni. Po intenzivni a dlou-
hotrvajici experimentdlni praci publikoval v roce 1975
monografii ,Experimental liver transplantation”, ktera
byla podkladem pro jeho doktorskou dizertacni praci
v roce 1976 a v roce 1977 byl jmenovan fadnym profe-
sorem.

Z 1. chirurgické kliniky, ktera se pod jeho vedenim sta-
la $pickovym pracovistém cévni chirurgie, odesel v roce
1991, ale jesté dlouho pak pracoval na chirurgickych pra-
covistich v Hustopecich, Boskovicich a v Policce.
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Osobnosti

Profesor Koristek patfi k prakopnikim cévni, srdec-
ni a transplanta¢ni chirurgie v Ceskoslovensku. Kromé
transplantace jater se zaslouzil o rozvoj chlopenni chirur-
gie, chirurgické lécby ischemické choroby srde¢ni revas-
kularizaci myokardu a v Ceskoslovensku méa i prvenstvi
v zavadéni podplrnych mechanickych srdec¢nich systému
v klinické mediciné.

Vzdy jsme obdivovali jeho chirurgické uméni, operoval
rychle a prfesné. Nesmirnou péci vénoval svym pacientdm
a na jednotce intenzivni péce travil mnoho ¢asu i ve vecer-
nich a no¢nich hodinach. Casto nas nabadal, abychom pfi-
¢inu pooperacnich komplikaci nehledali nikde jinde nez
v nds samotnych.

Profesor Kofistek zaloZil Skolu brnénské cévni, srdecni
a transplantacni chirurgie, ktera pfinesla svoje ovoce. Jeho

Z4ci se stali dustojnymi pokracovateli a rozvijeji cévni, sr-
dedni a transplantacni chirurgii na zadkladech, které posta-
vil jejich ucitel.

Profesor Kofistek vidél daleko dopredu a byl jednim
z prvnich chirurgl u nés, ktery pochopil, Ze cévni chirurgie
je zakladnim predpokladem pro rozvoj kardiochirurgie
a transplanta¢ni chirurgie.

Kdyz jsme pred ¢tyfmi lety spole¢né slavili jeho 90. na-
rozeniny, byl ve vynikajicim fyzickém i psychickém stavu.
Zemfrel jen nékolik dni pfed svymi 94. narozeninami.

Profesora Kofistka jsme si vzdy velmi vazili hlavné pro
jeho vysoké pracovni nasazeni, pratelsky pristup ke spo-
lupracovniklim a vlidnost k pacientdm. Byl nasim velkym
vzorem, a proto zUstane dlouho v nasich srdcich.

Jan Cerny, Zdenék Gregor, Petr Némec
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K Zivotnimu jubileu prof. MUDr. Lenky Spinarové, Ph.D., FESC

Obr. 1 - Prof. MUDr. Lenka Spinarova, Ph.D., FESC

VéZena pani profesorko, mila Lenko,

pred deseti lety jsem zacinal Tvé laudatio takto: ,Je pro
mne velkou cti, Ze mohu psdt tento oslavny ¢lanek k Tvé-
mu neuvéfitelnému jubileu. Neuvéfitelnému proto, Ze
vék, kterého se doZivas, je kontradikci ve dvou smérech.
Fyzicky vypadds nejméné o deset let mladsi, zatimco od-
borné a publikacné jsi dosahla toho, ceho béZny védecky
a vysokoskolsky pracovnik dosahuje minimalné o deset
let pozdéji,” a tak dale. Dnes po deseti letech k tomu
uvodu lze jen dodat, Ze jsi dosahla dalSich vyznamnych
uspéchu a vypadas stale mladé. V roce 2013 jsem Ti predal
vedeni kliniky ve velmi obtizné situaci, presun kliniky do
nové budovy, spoluprdce s novym vedenim International
Clinical Research Center (ICRC) a dalsi obtiZzné ulohy, které
jsi bravurné zvlddla.

Nyni pro ty, kdo Té méné znaji po osobni strance, pri-
pomenu par faktu z Tvého Zivotopisu.

Pani profesorka Lenka, tehdy jako Pli¢zkovd, se naro-
dila 6. srpna 1961 v rodiné dvou lékara v Brné. Gymna-
zium studovala s vynikajicim prospéchem a pri olympiadé
z biologie se poprvé sesla, i kdyz nakratko, se svym bu-
doucim manzelem Jindrichem. V roce 1979 nastoupila na
lékarskou fakultu v Brné a zde se hned na pocatku studia
setkala podruhé s Jindrichem a jejich prikladny a nasledo-
vani hodny vztah trva stdle. V té dobé udivovala mnohé
bezchybnou hrou mariase a zdpalem pro odbijenou. Se
svym budoucim manZelem se uZ jako medici diky prof.
Ivo Dvordkovi na Il. interni klinice FN u sv. Anny zacali
vénovat kardiologii v rémci SVOC a spolecné dosahli vy-
znamnych vyzkumnych uspéchG nejen v ramci republiky,
ale také mezindrodné. Rok 1984 byl jejich rokem svateb-
nim. Lenka promovala v roce 1985 s ¢ervenym diplomem
a obdrzZela cenu rektora Univerzity Jana Evangelisty Pur-

kyné (UJEP) za vynikajici studijni i odborné vysledky. Po
promoci nastoupila na interni oddéleni nemocnice Ivan-
Cice. V roce 1987 se narodila dcera Monika. Po materské
dovolené dostala Lenka nabidku pracovat na I. interni
klinice FN u sv. Anny, kterou v té dobé ved! doc. MUDr. Z.
Lupinek a na této klinice je doposud. V roce 1989 slozZila
uspésné atestaci z vnitfniho lékarstvi, v roce 1993 atesto-
vala z kardiologie. Od roku 1994 do roku 2002 byla od-
bornou asistentkou Lékarské fakulty Masarykovy univer-
zity (LF MU) Brno. V roce 2000 dokoncila postgradudlini
védecké studium pri LF MU Brno a ziskala titul Ph.D. (obr.
1). Jeji doktorandska prace byla ocenéna Cenou rektora
za nejlepsi doktorandskou préci v ramci MU. Dva roky
poté habilitovala a v roce 2005 byla jmenovana preziden-
tem republiky profesorkou vnitrniho lékarstvi na LF MU.
V letech 2002-2012 byla zastupkyni prednosty kliniky pro
skolstvi a od roku 2013 doposud je prednostkou I. interni
kardioangiologické kliniky LF MU a FN u sv. Anny. V Ces-
ké kardiologické spolecnosti byla pokladnikem vyboru,
déle pracovala ¢i pracuje ve vyborech pracovnich skupin
CKS: jako &lenka vyboru Asociace srdecniho selhani CKS,
Jjako mistopredsedkyné Pracovni skupiny kardiovaskuldr-
ni farmakoterapie CKS. Déle je ¢lenkou Ceské spolecnosti
pro hypertenzi, Ceské transplantacni spole¢nosti, Ceské
internistické spole¢nosti CLS JEP. Ocenénim jeji odbor-
né cinnosti je jmenovani Fellow of European Society of
Cardiology — FESC a clenstvi ve Working Group on Heart
Failure of European Society of Cardiology (ESC), Working
Group on Cardiac Rehabilitation of ESC, Working Group
on Echocardiography of ESC. V roce 2018 ji bylo udéle-
no prestizni ocenéni Lady Pro od Comenius-Panevropské
spolecnosti pro kulturu, vzdélavani a védecko-technickou
spolupraci a letos ji bylo udéleno ¢estné ¢lenstvi CKS.

Obr. 2 - Profesorka Spinarova s rodinou
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Je predsedkyni Oborové rady pro kardiologii Ph.D. stu-
dia LF MU a ¢lenkou Aprobacni komise LF MU pro habili-
tacni a profesorska rizeni, Skolitelkou Ph.D. studentd, ¢len-
kou zkusebni komise pro atestace z kardiologie a ¢lenkou
Védecké rady LF MU Brno.

Je uspésnou resitelkou sedmi grantd. Publikovala pres
330 c¢lankl v ¢eské odborné literature, 81 ¢lank( v zahra-
nicni literature, pfednesla vice neZ 329 domadcich a 183 za-
hranic¢nich sdéleni. Je autorkou ci spoluautorkou vice nez
15 internich a kardiologickych ucebnic. Ma nadprdmérnou
citovanost: Web of Science: 2 955, Scopus: 5 870, Hirschav
index 25. Vénuje se transplantacnimu programu spolu se
srdec¢nim selhanim a také intenzivné echokardiografii.

Jako prednostka predni kardiologické kliniky nejen
garantuje odbornou péci o nemocné s kardiologickymi ci
internimi diagndézami, zajistuje vysokou uroven vyuky me-
diky LF, aktivné podporuje védeckou cinnost clend kliniky,
zajistila fradu odbornych stazi mladsich kolegd, cozZ zvlasté
v soucasné covidové dobé nebylo vZdy snadné.

Mila pani profesorko Lenko, jako Tvuj zastupce pro vy-
uku, co mam jesté dodat pri ohlédnuti za Tvou Uspésnou
kariérou jak medicinskou, pedagogickou i vyzkumnou.
Zname se jiZ vice neZ 30 let. Po nastupu na . interni (nyni
kardioangiologickou) kliniku ses pomalu zalala vénovat

problematice srdecniho selhani pod vedenim budouciho
prednosty prof. Tomana a zde zacala nase odborna spolu-
prace. V té dobé zacalo nase velmi Gzké rodinné pratelstvi,
které bylo a jest stdle utvrzovano rfadou nasich spolecnych
dovolenych a kongresovych aktivit. Po mém ndstupu na
I. interni kardioangiologickou kliniku jsi mi nesmirné po-
mohla pri nelehkych zaédtcich mého prednostovani a jsem
velmi rad, Ze jsi kliniku po mné povznesla jesté na vyssi
uroveri.

Tak Ti preji hodné vseho dobrého jak v préci, tak doma,
abys byla nadéle spokojena a méla velkou radost z vnucky
Belinky, dcery Monicky, ktera je uspéSnou kardiolozkou,
zeté Petra a hlavné s Jindrou, ktery Ti také ma za co byt
vdécny (obr. 2).

AD MULTOS ANNOS ET AETATE FRUERE:
MOBILI CURSU FUGIT,

Tvdj skolsky zastupce a hlavné pritel Jiri
Prof. MUDr. Jifi Vitovec, CSc., FESC,

I. interni kardioangiologicka klinika, Lékarska fakulta
Masarykovy univerzity a Fakultni nemocnice u sv. Anny v Brné
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Profesor Jan Janousek slavi zivotni jubileum

Pan profesor MUDr. Jan Janousek, Ph.D., prednosta Dét-
ského kardiocentra 2. LF UK a FN v Motole, se 26. 5. 2021
doziva 65 let. Narodil se v Praze, maturoval pak v Ceskych
Budéjovicich, vystudoval Fakultu détského Iékarstvi Uni-
verzity Karlovy v Praze, promoval v roce 1981. Po promoci
zacal pracovat jako sekundarni Iékar Détského kardiocen-
tra FN v Motole pod vedenim velikdna détské kardiolo-
gie, profesora Milana Samanka. Od roku 1988 se jiz vice
vénoval problematice arytmologie jako vedouci lékar
useku elektrofyziologie a kardiostimulace, predtim slozil
atestace |. stupné z pediatrie a poté i z détské kardio-
logie. Po absolvovani odbornych stazi na oddéleni dét-
ské kardiologie, Medizinische Hochschule Hannover, SRN
a na oddéleni détské kardiologie, Children’s Hospital,
Texas Medical Center, Houston, Texas, USA v roce 1991
se stal na devét let vedoucim Iékarem poooperacni JIP
Détského kardiocentra FN v Motole. Odtud pak presel na
pét let do funkce prfednosty Kliniky détské kardiologie,
Herzzentrum, Univerzita v Lipsku. Po navratu do Ceské
republiky pracoval nejprve jako vedouci IékaF Useku elek-
trofyziologie a kardiostimulace Détského kardiocentra

FN v Motole (2009-2011) a od roku 2011 az do soucasné
doby je pak prfednostou tohoto détského kardiocentra.
Habilitoval v roce 2001 (2. LF UK Praha) a profesorem pro
détskou kardiologii byl jmenovan v roce 2005 (Univerzita
v Lipsku). Jeho hlavni oblasti zajmu je diagnostika a lécba
poruch srde¢niho rytmu u déti, coz se samoziejmé odrazi
i v ¢Cinnosti publika¢ni — sepsal tfi monografie, sest kapitol
v monografiich, v roce 2021 je evidovano 100 publikaci na
Web of Science, z toho u 22 je prof. Janousek uveden jako
prvni autor. Citovanost dle WOS bez autocitaci: 4 026.
H index dle WOS: 29.

Honza Janousek je ¢lenem fady odbornych spole¢nosti,
na prvnim misté vzdy uvadi Ceskou kardiologickou spo-
le¢nost (je jejim cestnym ¢lenem), dale je ¢lenem Ceské
pediatrické spole¢nosti CLS JEP, Ceské spole¢nosti aneste-
ziologie, resuscitace a intenzivni mediciny CLS JEP, z téch
zahranicnich je ¢lenem Association for European Pediat-
ric and Congenital Cardiology, European Society of Car-
diology, European Heart Rhythm Association, Deutsche
Gesellschaft fur Paediatrische Kardiologie a Pediatric and
Congenital Electrophysiology Society. V fadé odbornych
spolec¢nosti zastaval a zastava vyznamné funkce, napfriklad
byl pfedsedou pracovni skupiny Pediatric arrhythmias and
Electrophysiology pfi Association for European Pediatric
Cardiology (AEPC) a ¢lenem vyboru AEPC (v minulosti),
mistopfedsedou vyboru Ceské kardiologické spole¢nosti
(od roku 2011), ¢lenem vyboru Ceské asociace pro srde¢ni
rytmus a predsedou Pracovni skupiny pediatrické kardio-
logie Ceské kardiologické spole¢nosti. Je ¢lenem vyboru
Ceské asociace preventivni kardiologie a vyboru Pracovni
skupiny chlopenni a vrozené srde¢ni vady v dospélosti CKS.

V soucasné dobé je hlavnim organizatorem tradi¢ni
akce pediatrd - ,Samankovych Podébrad”, tuto funk-
ci pfevzal po svém uditeli Milanu Samankovi, s nimz ho
pojilo dlouholeté pratelstvi. Spolupracovat a setkdvat se
s Honzou Janouskem je vzdy pfijemné, vyzafuje vrozenou
noblesu a vérim, Ze se s nim budeme jesté dlouho setka-
vat i v letech budoucich. Za vybor ceské kardiologické
spolecnosti si dovoluji poprat hlavné dobré zdravi a mno-
ho let krdsné préce v oboru détské kardiologie.

Srdecné, Michael Aschermann
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Zprava o knize
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Du!‘.nust_
V prvnim
kon_taktu

Cena: 289 K¢.

Prvni dva autofi knihy jsou nelékafi — pracovnici Zdravot-
nické zdchranné sluzby: PhDr. Mgr. David Pefan, MBA, je
vedoucim Vzdélavaciho a vycvikového strediska Zdravot-
nické zachranné sluzby hl. m. Prahy, PhDr. Mgr. et Mgr.
Patrik Christian Cmorej, Ph.D., MBA, je ¢lenem Zdravot-
nické zachranné sluzby Usteckého kraje a vedoucim Ka-
tedry zachranafstvi a radiologie Fakulty zdravotnickych
studii Univerzity J. E. Purkyné v Usti nad Labem. T¥eti au-
tor MUDr. PhDr. Marcel Nesvadba, Ph.D., MBA, je prak-
ticky lékaF v Usteckém kraji.

V roce 2020 publikovali tito autofi dalsi tfi knihy urce-
né pro pracovniky prvniho kontaktu: EKG prvniho kon-
taktu v osmi krocich (Mlada fronta, 2020), Komentova-
né kasuistiky z pfednemocnicni neodkladné péce (Grada
Publishing, a.s., 2020), Urologie prvniho kontaktu (Axo-
nite, 2020). Knihu Dusnost v prvnim kontaktu napsali
predevsim pro své kolegy — zachranére. Recenzentem byl
MUDr. Pavel Leden, Ph.D. - specializaci zachranar.

Obsah tvofi 16 kapitol: 1. Funk¢ni anatomie (8 s.),
2. Patofyziologie dusnosti (1,5 s.), 3. Fyzikalni vysetie-
ni pacienta s dusnosti (12 s.), 4. Terapie dusnosti (25 s.),
5. Asthma bronchiale (6 s.), 6. Chronicka obstruk¢ni plic-
ni nemoc (9 s.), 7. Pneumonie (4 s.), 8. Plicni embolie
(9 s.), 9. Sufokujici zanét hrtanu (5 s.), 10. Pneumotorax
(7s.), 11. Anafylaxe (6,55s.), 12. Akutni srdec¢ni selhani (8s.),
13. Dalsi stavy ovliviujici ventilaci (8,5 s.), 14. Urgentni
ultrasonografie u dusnosti (8 s.), 15. Point-of-care u dus-
nosti (5 s.), 16. Kazuistiky (10 kazuistik, 20 s.), Seznam
zkratek (1,5 s.), Shrnuti, Summary, Medailonky autort
(2 s.) a strucny rejstrik (2 s.). Vlastni text je doplnén cel-

David Peran, Patrik Christian Cmorej,
Marcel Nesvadba: Dusnost v prvnim kontaktu

Praha, Grada Publishing, a.s., 2020, 176 stran.

Vydani prvni, format 156 x 205 mm, mékka vazba, dvoubarevny.
ISBN 978-80- 271-4051-0 (ePub).

ISBN 978-80- 271-4050-3 (pdf).

ISBN 978-80- 271-1682-9 (print).

kem 25 tabulkami a ilustrovan 20 obrdzky. Pouzita litera-
tura je uvadéna za kazdou kapitolou.

Rozsahem kniha nepokryva celou problematiku dus-
nosti, ale urcité nevynechdava jeji nejcastéjsi priciny. Ana-
tomické, patofyziologické i klinicko-diagnostické kapitoly
jsou informacné redukované — napft. kapitola Patofyziolo-
gie dusdnosti zaujimd jen jedinou stranu. Oviem pro |é-
kare fesiciho urgentni situaci nejsou rozsahlé a detailni
patofyziologické rozbory potfeba. Tomuto zdméru jsou
podfizeny vSechny kapitoly.

Z obvyklych témat (chronickd obstrukéni plicni nemoc,
asthma bronchiale, plicni embolie, anafylaxe, akutni sr-
decni selhani aj.) vybocuje kapitola Urgentni ultrasono-
grafie u dudnosti. Skoda, Zze neni doplnéna také kapito-
lami o rentgenografii, EKG a echokardiografii u dusnosti.
Diferencidlni diagnostiku dusnosti totiz bude muset fesit
i klinicky Iékar a ten, na rozdil od lékafe Zdravotnické za-
chranné sluzby, bude mit vsechny tyto diagnostické me-
tody k dispozici.

Komu knihu doporucit?
V naprostém souhlase s doporucenim autorl: svoji
koncepci, rozsahem i odbornou urovni je kniha uréena
predevsim zdravotnickym zachranardm, praktickym
lékarlim a lékafiim i vdeobecnym sestrdm pracujicim na

urgentnim prijmu.

Prof. MUDr. Jan Petrasek, DrSc.,
Ill. interni klinika, 1. Iékarska fakulta Univerzity Karlovy
a Vseobecna fakultni nemocnice v Praze,
e-mail: jypetr@email.cz
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V programové naplni budeme formou piehlednych prednasek probirat optimalni
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