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Cil: Srovnat predik¢ni presnost péti rznych algoritmd, ovérenych uspésnou ablaci s pouzitim 3D elektroana-
tomického bezkontaktniho mapovéni, u pacient(i se symptomatickymi i asymptomatickymi tachykardiemi
vytokového traktu pravé komory (right ventricular outflow tract, RVOT) a vysoce zatizenych témito aryt-
miemi.
Metody: Do studie bylo zafazeno 28 po sobé nasledujicich pacientl prijatych pro radiofrekvencni katetrizacni
ablaci pro symptomatické, pfipadné asymptomatické, idiopatické predcasné komorové stahy (premature
ventricular contractions, PVC) znamenajici vysokou z&téz pro srdecni komory. Vsichni pacienti jiz dfive absol-
vovali nedspésnou terapii beta-blokatory a/nebo alespori jednim antiarytmikem tfidy IC (pfipadné takovou
|écbu nesnaseli); méli normalni ejekeni frakci levé komory. U vdech pacientl byly prokdzany monomorfni
PVC s morfologii blokady levého Tawarova raménka s prabéhem vysledného vektoru smérem doll inferior
axis. Nasledné se hodnotila shoda mezi mistem vzniku arytmie podle EKG algoritmu a mista uréeného po-
moci 3D mapovani. Z péti algoritmu byly pro srovnani pouzity dva pro snadnost pouziti a zapamatovatelnost
(Dixit, Joshi) a tfi slozitéjsi a presnéjsi (Ito, Zhang, Pytkowski).
Vysledky: Posouzeni diagnostické presnosti prokdzalo pouze stfedné kvalitni pfesnost viech algoritmd,
pficemz nejpresnéjsi byl podle kardiologli algoritmus navrzeny Pytkowskym a pfi hodnoceni elektrofyziolo-
gem algoritmy navrZené Dixitem a Pytkowskym. PFi srovnani jejich pfesnosti, specificity a senzitivity nicméné
nebyly nalezeny zadné vyznamné rozdily (p = 0,99).
Zaveéry: Vsech pét publikovanych algoritmu pro urc¢eni mista RVOT pomoci 12svodového EKG zdznamu bylo
z hlediska diagnostické presnosti, specificity a senzitivity podobnych. V nasi studii vykazal nejvétsi presnost
a specificitu v predikci mista algoritmus Pytkowského, pokud jej hodnotili elektrofyziologové a/nebo kardio-
logové.

© 2022, CKS.

ABSTRACT

Aim: To compare the predictive accuracy of five different algorithms as verified by successful ablation site
using 3D electroanatomical non-contact mapping in patients with symptomatic and asymptomatic but high
ventricular burden right ventricular outflow tract (RVOT) tachycardias.

Methods: 28 consecutive patients admitted for radiofrequency catheter ablation for symptomatic and
asymptomatic, but high ventricular burden idiopathic premature ventricular contractions (PVC) were recruit-
ed for this study. All patients had previous failed or intolerant to beta-blocker and/or at least one class IC
anti-arrhythmic agents, and they had normal left ventricular ejection fraction. All patients had documented
monomorphic PVC with left bundle branch block morphology and an inferior axis. Concordance of the ar-
rhythmia origin based on ECG algorithm and 3D mapping system site were further evaluated. Of the five al-
gorithms, two algorithms with easy applicability and having a memorable design (Dixit and Joshi) and three
algorithms with more complex and detailed design (Ito, Zhang, Pytkowski) were selected for comparisons.
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Results: Assessment of the diagnostic accuracy showed that each of the five algorithms had only moderate
accuracy, and the greatest accuracy was observed in the algorithm proposed by Pytkowski algorithm when

Keywords: assessed by a general cardiologist and Dixit and Pytkowski algorithms when evaluated by the electrophysio-

ECG algorithms

Left bundle branch block
morphology
Radiofrequency ablation
Sublocalisation RVOT origin
VPC

logist. However, when the algorithms were compared for their accuracy, specificity, sensitivity, no significant
differences were found (p = 0.99).

Conclusions: All the five published 12-lead ECG algorithms for RVOT location were similar in terms of the
diagnostic accuracy, specificity, and sensitivity. In our study, Pytkowski algorithm exhibits the best accuracy
and sensitivity among the algorithms, while predicting a precise location and when evaluation is performed
by electrophysiologists and/or cardiologists.

Introduction

The majority of idiopathic ventricular arrythmias arise
from the right ventricular outflow tract (RVOT)' and they
represent nearly 10% of all ventricular tachycardia (VT)
admissions.>* Frequent premature ventricular complexes
(PVC) or non-sustained and sustained ventricular tachycar-
dias are among the most common presentation scenarios
and they may cause heart failure and ventricular dysfunc-
tions.* The question of how many PVCs are required to
cause PVC-induced cardiomyopathy is not yet completely
answered. Though in one study from Carbeillera et al.,
the PVC burden was not associated with the development
of cardiomyopathy® (a PVC burden higher than 10% be-
ing used as an inclusion criterion in this study), several
other studies showed correlation between PVC frequency
and cardiomyopathy.®” The results of Baman's et al. study
revealed that a PVC burden higher than 24% best dif-
ferentiated patients likely to develop impaired left ven-
tricular (LV) function from those less likely to develop
dysfunction. Also, patients with preserved left ventricular
function but dilated LV were associated with an interme-
diate PVC burden of 22%, which was significantly lower
compared to patients with LV systolic dysfunction but
significantly higher compared to patients with normal LV
dimensions and systolic function.”

PVCs originating from the RVOT are characterized by
left bundle branch block (LBBB) morphology on 12-lead
electrocardiograms (ECG) with an inferior frontal plan
axis. Most frequently, the site of origin of those tachy-
cardias is established to be in the anterior septal region

below the pulmonary valve (Fig. 1).® However, less fre-
quently the origin site is found in the right ventricular
free wall, posterior septal area, and other rare areas.>"

In patients with symptomatic RVOT-VT/PVCs, primary
catheter ablation is recommended.'? In published reports,
acute success rates of RVOT-VT/PVC catheter ablation are
>95% in patients without structural heart disease.’ "
Therefore, it is paramount to precisely predict the origin
of RVOT arrhythmias to define the appropriate approach
before the ablation procedure. Conventional 12-lead
electrocardiogram (ECG) is a useful tool for analysing
cardiac arrhythmias, and numerous ECG algorithms for
predicting the origin of RVOT arrhythmias have been re-
ported.'6?>

The aim of this study was to compare the predictive ac-
curacy of five different algorithms as verified by success-
ful ablation site using 3D electroanatomical non-contact
mapping in patients with symptomatic and asymptomatic
but high ventricular burden RVOT tachycardias. Of the
five algorithms, two algorithms having easy-applicability
and a memorable design (Dixit?*® and Joshi®) and three
more complex algorithms of a more detailed design (Ito',
Zhang?*, Pytkowski?’) were selected for comparisons.

Algorithms

1. The Ito algorithm (2003) is based on evaluating the
S wave amplitude in V, and the determination of
transition zone in V, or S wave in lead |. Furthermore,
the R/S amplitude index, the R duration index and
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Fig. 1 - 12-lead electrocardiogram with paper speed 25 mm/s indicating premature ventricular complex (PVC) originating in the
right ventricular outflow tract (septal wall). PVC exhibits left bundle branch morphology, inferior axis, QRS transition in V, a posi-
tive QRS vector in lead | and a negative QRS vector in AVL.
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the QRS pattern in lead | are determined. Finally,
the QRS morphology in aVL, aVR, lead | and inferior
leads, and the S wave in V, are evaluated. Three ar-
rhythmia areas in the RV (septal, free wall, near His,
left ventricular endocard/epicard, and left coronary
sinus) are defined.

2. The Dixit algorithm (2003) uses “notching” in leads I,
Ill, and aVF, and late precordial transition (R>S at or
beyond lead V) to predict the arrhythmia origin. QRS
polarity in lead aVL was assessed to determine the
anterior or posterior arrhythmia locations.

3. The Joshi and Wilber scheme (2005) is based on three
criteria for separating the septal from the free wall
sites (QRS duration >140 ms, R-wave “notching” in
inferior leads, lead V3 R/S ratio <1). Then, according
to the QRS polarity in lead |, anterior or posteriorly
location of arrhythmias is established. Finally, the
QRS polarity in aVL lead determines caudal or cranial
sites.

4. The Zhang algorithm (2009) starts with the determi-
nation of the QRS morphology and axis. Arrhythmia
origin is in four different sites (near the His, left ven-
tricular origin, RV septal or free wall origin). RV ar-
rhythmias origins are defined as anterior, posterior
and mid regions. LBBB morphology with inferior axis
suggested RVOT origin. Then, transitional zone in V,
is determined. Later on the R wave duration index,
R/S amplitude index and RR/RSR' pattern in lead aVL
are evaluated. Afterwards, PVC-QRS duration/the
preceding sinus beat QRS duration and QRS pattern
in lead | are evaluated. R duration index and precor-
dial leads transitional zone are determined.

5. The Pytkowski scheme (2013) uses “notching” in
leads I, 1ll, and aVF and lower R wave amplitude in
these leads to predict free wall origin. Based on the
lead | polarity, RVOT is divided in three vertical zones
(posterior to anterior). Then, depending on the tran-
sitional zone in the precordial leads, 3 horizontal
zones were defined, with horizontal intermediate
zone (R[r] = S[s] in V,) occupying a small region of the
median RVOT part and separating superior and infe-
rior zones. 3 vertical and 3 horizontal zones divided
RVOT into 9 sub-regions.

Methods

Study population

Twenty-eight consecutive patients admitted in our centre
for radiofrequency catheter ablation of idiopathic PVC
between November 2016 and February 2021 were includ-
ed in this study. All patients had documented monomor-
phic PVC with left bundle branch block morphology and
an inferior axis. Although symptomatic patients usually
have a high PVC burden (>10 000 PVCs/24 h), symptoms
are not exclusive to these patients and those with a re-
duced PVC burden (5000-10 000/24 h) may also be highly
symptomatic and warrant ablation.® For asymptomatic
patients with a high volume of PVCs, prophylactic cath-
eter ablation may be proposed to prevent LV dysfunction
and cardiomyopathy. The cut off is still not yet defined,
but several studies have demonstrated that a cut off val-

ue of 20% to 24% PVCs per 24 hours is associated with

an increased risk of developing reduced LV function and

cardiomyopathy.®’

In our study, both symptomatic patients with PVCs re-
fractory or intolerant to antiarrhythmic drug (beta-block-
er and/or at least one class IC anti-arrhythmic agents) with
a ventricular burden >5% and asymptomatic patients
with ventricular burden >20% on a 24 h Holter monitor-
ing were included. All patients had normal left ventricu-
lar ejection fraction.

All the ECG recordings were analysed at a paper speed
of 25 mm/s and 50 mm/s. All ECG were reviewed by two
cardiologists following each algorithm and next by two
electrophysiologists to establish the origin of the arrhyth-
mia. Concordance of the arrhythmia origin based on ECG
algorithm and 3D mapping system site were further eval-
uated.

To determine the correct sublocalisation of RVOT ar-
rhythmias origin, several criteria were established:

1. For Ito algorithm using two approximate locations
in RVOT - septal or free wall, correct sublocalisation
was identified if ECG based origin corresponded with
the EPS origin.

2. For Dixit and Zhang algorithms using 4-6 RVOT zones
- septal (anterior, mid, posterior) and free wall (an-
terior, mid, posterior), correct sub localisation was
identified if ECG based origin either septal or free
wall corresponded with the EPS origin and if on the
horizontal plane was no significant mismatch as an-
terior/posterior. Mismatches as anterior — mid, pos-
terior — mid were considered as non-significant mis-
matches.

3. For Joshi and Pytkowski algorithms which used 9
zones in RVOT based on 3 vertical lines and 3 hori-
zontal lines, match between the ECG and EPS origin
was confirmed if ECG based origin either septal or
free wall corresponded with the EPS origin and if on
the horizontal and vertical plane was no significant
mismatch as anterior / posterior and inferior/ supe-
rior. Mismatches as anterior — mid, mid - posterior,
superior — mid, mid — inferior were considered as
non-significant mismatches.

The origin of RVOT arrhythmias was established either
on septal vs free wall when using Ito algorithm. Based
on Dixit and Zhang algorithm, a more precise sub locali-
sation in the RVOT could be performed - septal vs free
wall and on the horizontal plane (posterior, median and
anterior zones). Using Zhang or Pytkowski algorithm, lo-
cation was identified in one of the nine regions of the
RVOT divided by 3 vertical and 3 horizontal lines. One
of the objectives of our study was to evaluate the con-
cordance between the arrhythmia origin based on each
ECG algorithm and the 3D mapping system when evalu-
ated by cardiologists and electrophysiologists. Next, we
set out to establish any significant differences in terms
of sensitivity and specificity when comparing RVOT ecto-
py localisation based on the 5 algorithms, performed by
general cardiologists and electrophysiologists. It is known
that ECG electrodes placement in both limb and precor-
dial leads from standards 12-lead ECG may differ and lead
to mistakes in correct localisation. So, evaluation was per-
formed on the same ECG to avoid localisation discrepan-
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cies between cardiologists and electrophysiologists. Our
objective was to determine if the use of complex, time
consuming analysis and difficult to memorise algorithms
to predict a precise location (a region from one of the
nine zones described by Pytkowski and Joshi) is feasible
and preferable instead of determining a wider location
of RVOT ectopies (septal or free wall location as in the
Ito algorithm), when performed by a general cardiologist
before the electrophysiologist evaluation.

Electrophysiological procedure

Procedures were performed in the fasting state and all
anti-arrhythmic drug therapy was discontinued at least
five half-lives before. One quadripolar electrode cath-
eter was inserted into a femoral vein and positioned in
the right ventricle apex. An eight-French quadripolar
catheter with a 4 mm distal electrode, sensor enabled in-
terelectrode spacing of 1-4-1 mm, and a flexible tip (Ab-
bott Laboratories, Abbott Park, IL, USA) was also inserted
through the femoral vein in the right ventricle for map-
ping and ablation.

Twelve electrocardiographic leads and the bipolar in-
tracardiac electrograms were recorded by optical disk.
The filter settings for the intracardiac electrograms were
set at 30-500 Hz. Pacing was performed at twice the dia-
stolic threshold with a programmable stimulator using
stimuli with 2 ms duration. The 3D geometry of RVOT
was constructed by navigating the mapping and ablation
catheter within the RVOT using the non-contact elec-
troanatomical mapping system (Ensite system, Abbott
Laboratories). Areas of interest as the His bundle were
annotated using the 4 mm sensor enabled tip catheter.
Spontaneous PVC at baseline and during intravenous iso-
prenaline (1-4 pg/min) infusion was recorded.

For identification of earliest activation (EA) site,
a broad colour setting with high pass filter set at 2 Hz
was used. Then, the EA site was identified by stepping
further back in time in which the red colour-zone shrinks
down to the blue colour. Furthermore, unipolar virtual
electrograms at this site were reconstructed. The pres-
ence of QS morphology was also used an additional cri-
terion for EA site. Radiofrequency catheter ablation was
targeted at the EA site. At each of the target sites, pace
mapping was also performed to ensure at least 11 of 12
matching on the 12-lead ECG. Ablation was performed
by delivering radiofrequency energy with the ablation
catheter in temperature-control mode (Stockert, Bio-
sense Webster, Diamond Bar, CA, USA). The power out-
put was titrated to as high as 40 W to achieve a target
temperature 45 °C for 60-120 s. A waiting period of 30
min was applied to all patients. If complete elimination
of VAs was not achieved, surrounding sites were further
investigated by activation and pace mapping to find al-
ternative ablation sites and subsequent ablations were
applied to those sites. The ablation procedure was con-
sidered successful, if clinical PVC disappeared during RF,
didn’t reoccur within 30 minutes after the last RF ap-
plication and if PVCs were non-inducible after Isoproter-
enol infusion (1-10 pg/min).2%3°

Based on the 3D electroanatomical non-contact map-
ping (Ensite, Abbott Laboratories, IL, USA), we divided
RVOT through 3 vertical and 3 horizontal imaginary lines

into nine distinct sites to facilitate the description of the
origin of PVC based on the successful ablation site into 9
sub-regions.

Statistical analysis

Data analysis was performed using IBM SPSS Statistics for
Windows (version 20.0; IBM Corp., Armonk, NY, USA).
Continuous variables are presented as median and mean
+ standard deviation (SD). Categorical variables are ex-
pressed as counts and percentages. Coefficients of Kappa
were used for determining the levels of interobserver
agreement. Kappa values over 0.75 were accepted as ex-
cellent, 0.40-0.75 and below 0.40 were accepted as fair to
good and poor; respectively.

Results

Twenty-eight patients with RVOTAs were enrolled into
this study. Patient clinical characteristics are summarized
in Table 1. Acute procedural success was achieved for all
the included patients. Ablation was delivered at 22 sep-
tum sites and 6 free wall sites. The 3D electroanatomic
maps were reconstructed for all patients, which were
then applied to localize the origin of RVOT ectopy re-
corded before the EPS and ablation procedure. The RVOT
chamber was correctly identified by the evaluators in
28/28 (100%) patients. Algorithm'’s accuracy is presented
in Table 2.

The five ECG algorithms were assessed for their diag-
nostic accuracy, specificity, sensitivity, and likelihood ra-
tios (LRs) of differentiating between the septal and free
wall origin. The results are summarized in Table 3. As-
sessment of the diagnostic accuracy showed that each
of the five algorithms had only moderate accuracy, and
the greatest accuracy was observed in the algorithm
proposed by Pytkowski algorithm when assessed by the
general cardiologists and, Dixit and Pytkowski algorithm
when evaluated by the electrophysiologists. However,
when the algorithms were compared for their accuracy (p
= 0.61), specificity (p = 0.07), sensitivity (p = 1), no signifi-
cant differences were found.

In addition, the receiver operating characteristic (ROC)
curve analysis regarding the predictive value of 3D elec-

Table 1 - Clinical characteristics

Age (years; median) 53
Female/Male (n) 16/12
PVC burden (%; median) 17.5
LVEF (%; median) 61

Use of antiarrhythmic drugs (%) 39.28%
History of CHD (n) 1/28
History of hypertension (n) 3/28
History of diabetes (n) 2/28
Hypercholesterolemia (n) 6/28

CHD - coronary heart disease; LVEF - left ventricular ejection
fraction; PVC - premature ventricular contraction; RVOT - right
ventricular outflow tract; SD - standard deviation.
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Table 2 - Accuracy of each algorithm when evaluated by the electrophysiologists and the cardiologists

. Electrophysiologist 1 Electrophysiologist 2
SR Number and percentage Number and percentage
Ito 20/28 patients (71.42%) 21/28 patients (75%)
p=0.02 p=0.59

Dixit 26/28 patients (92.95%) 25/28 patients (89.29%)
p=0.35 p =0.59

Joshi 24/28 patients (85.71%) 23/28 patients (82.14%)
p=023 p =083

Zhang 20/28 patients (71.42%) 19/28 patients (67.85%)
p=0.4 p =067

Pytkowski 24/28 patients (85.71%) 24/28 patients (85.71%)

p=023

p=023

Cardiologist 1
Number and
percentage

18/28 patients
(64.28%)
p = 0.006

18/28 patients
(64.28%)
p =0.08

14/28 patients
(50%)
p =053

14/28 patients
(50%)
p =0.0009

23/28 patients
(82.14%)
p=0.14

Cardiologist 2
Number and
percentage

16/28 patients
(57.14%)

18/28 patients
(64.28%)
p=0.27

16/28 patients
(57.14%)
p=0.09

18/28 patients
(64.28%)
p=0.27

23/28 patients
(82.14%)
p=0.14

p value

0.94

0.79

0.59

0.86

0.99

Table 3 - Accuracy, sensitivity, specificity, positive and negative likelihood ratios (LLR+, LLR-) for each algorithm when evaluated by the

electrophysiologists (E1 and E2) and the cardiologists (C1 and C2) compared to data reported in the literature

. Parameters

Algorithms evaluated E1 E2

Ito Accuracy 71.43% 75%
Sensitivity 93.75% 94.12%
Specificity 41.67 % 45.45%
LLR+ 5.83 5.45
LLR- 0.62 0.58

Dixit Accuracy 92.86% 89.29%
Sensitivity 95.45% 95.24%
Specificity 83.33% 71.43%
LLR+ 1.66 2.85
LLR- 0.45 0.47

Joshi Accuracy 85.71% 82.14%
Sensitivity 95% 94.74%
Specificity 62.5% 55.5%
LLR+ 3.75 4.44
LLR- 0.5 0.52

Zhang Accuracy 71.43% 67.08%
Sensitivity 93.75% 93.33%
Specificity 41.67% 38.46%
LLR+ 5.83 6.15
LLR- 0.62 0.66

Pytkowski Accuracy 85.71% 85.71%
Sensitivity 95% 95%
Specificity 62.5% 62.5%
LLR+ 3.75 3.75
LLR- 0.5 0.5

Reported in
€ e literature pralls
64.29% 57.14% 78.57% 0.94
92.86% 91.67% 93.33%
35.71% 31.25 % 61.54%
6.42 6.87 2.42
0.71 0.83 0.1
64.29% 64.29% 78.57% 0.79
92.86% 92.86% 94.44%
35.71% 35.71% 50%
6.42 6.42 1.88
0.71 0.71 0.11
50% 57.14% - 0.59
90% 91.67% 93.75%
27.78% 31.25% 58.33%
7.22 6.87 2.25
1 0.83 0.1
50% 64.29% 0.86
90% 92.86%
27.78% 35.71%
7.22 6.42
1 0.71
82.14% 82.14% 0.99
94.74% 94.74%
55.56% 55.56%
4.44 4.44
0.52 0.52

troanatomical origin and the five ECG algorithms for
differentiating the septal and free wall arrhythmias was
conducted. The results showed a similar diagnostic accu-
racy among the five ECG algorithms, with areas under the
curve (AUGs) ranging from 0.62-0.81 when assessed by
an electrophysiologist and 0.54-0.69 when evaluated by
a general cardiologist (p >0.5) (Fig. 2).

The interobserver agreement between the evaluators
in localizing the septal versus the free wall was evaluated

for each algorithm. The algorithm published by Pytkows-
ki had the highest kappa value of 0.77. Excellent kappa
value was also noticed for Ito algorithm - 0.75. Accept-
able kappa values were obtained for the algorithms pro-
posed by Dixit and Joshi — 0.69 and for Zhang algorithm
0.66. When the interobserver agreement was evaluated
between both cardiologists and between both electro-
physiologists, excellent kappa values ranging between
0.82-0.92 were observed.
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Fig. 2 - Receiver operating characteristic (ROC) curve analysis regarding the predictive value of 3D electroana-
tomical origin and the five ECG algorithms for differentiating the septal and free wall arrhythmias origin when
performed by cardiologists (left pannels) and electrophysiologists (right pannels).

Discussion

All the five published 12-lead ECG algorithms for RVOT
arrhythmia differentiation were similar in terms of the di-
agnostic accuracy, specificity, sensitivity and LRs. The pre-
dicted accuracy of the ECG algorithms in our study ranged
from 50% to 92.86%, with a median value of 67.5% for
Ito algorithm, 76.5% for Dixit algorithm, 69.5% for Joshi
scheme, 65.6% for Zhang algorithm and 83.5% for Pyt-
kowski scheme, all of which were lower compared with
results that were previously reported.®'® Possible expla-
nations for the lack of reproducibility may be the differ-
ences in the population and the heterogeneity between
the assessors in the present study and the developers of
algorithms because one of the five ECG algorithms exhib-
ited lower interobserver agreement — Zhang.

The best interobserver agreement was observed with
the algorithm published by Pytkowski (k-0.77) and Ito
(k-0.75). Though the algorithms with complex stepwise
analysis and/or predicting a precise location are more
prone to deliver inaccurate results and thus interobserver
discrepancies, Pytkowski scheme exhibits excellent in-
terobserver agreement and accuracy.

When the general cardiologists assessed the ECGs, the
Joshi algorithm revealed the lowest accuracy level, 50
and 57%, respectively. Values are lower than reported in
other studies. This could be explained partially by a more
detailed design of the algorithm and a more refined su-
blocalisation of the RVOT arrhythmias compared with
algorithms differentiating only septal from free wall.
The highest accuracy was achieved with the Pytkowski
algorithm - 82.14%, with more precise sublocalisation
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of RVOT arrhythmias, but with an elementary algorithm
design.

When ECGs were evaluated by the electrophysiologists,
the lowest accuracy was observed for Ito and Zhang algo-
rithms — 71.43%, respectively 67.08% (p = 0.6). The results
are similar to those reported in other studies. The highest
accuracy was achieved with the Dixit criteria’s — 92.86%
and 89.29%, followed by the Pytkowski algorithm -
85.71%, like those reported by the authors. Compared to
Dixit algorithm, Pytkowski scheme leads to a more precise
location of the RVOT arrhythmias, not only in predicting
septal vs free wall location, but also in the horizontal and
in the vertical plane.

When sublocalisation in one of the nine zones of the
RVOT was intended, there was no significant difference
in terms of accuracy and sensitivity between Pytkowski
and Joshi scheme (p = 0.09). Based on these findings
and the excellent kappa value of the Pytkowski algo-
rithm (0.77), we can conclude that the use of a more
detailed and difficult to memorise algorithm as Pyt-
kowski, can be routinely used to precisely localise the
RVOT arrhythmia origin instead of other algorithms
with a less precise sublocalisation of arrhythmia origin
not only by general cardiologists but also for electro-
physiologists.

The ECG based algorithms for precise localising in the
RVOT may simplify the mapping process, reduce the pro-
cedural and fluoroscopic time, and improve clinical out-
comes, resulting in greater clinical utility.

Meanwhile, it is paramount to understand that the
algorithms with a discriminating stepwise analysis may
lessen the inaccurate results. Remembering detailed al-
gorithms is not easy and orientation of the subsequent
steps may be challenging. Time consuming and complex
analyses of such algorithms may be more helpful while
predicting the arrhythmia location and may lead to a bet-
ter preparation before the procedure, but at the same
time, the missed time in analysing the algorithm may be
gained during the procedure. All the erroneous predic-
tions of the ROTV arrythmia origin that used a 12-lead al-
gorithm may result in inappropriate ablation approaches
and negatively affect its effectiveness.

Limitations

The number of recruited patients is relatively small, and
this may affect the results of the comparison among the
ECG algorithms. Several limitations associated with using
the 12-lead ECG algorithms were found in our study and
have been reported in previous studies. Some algorithms
require an accurate measurement of many ECG param-
eters, and thus, inconsistencies and heterogeneities be-
tween assessors are inevitable, due to lack of electronic
callipers, wandering baselines.?*?? Inaccuracies in ECG
algorithms might also be caused by variable precordial
lead placements or by the spatial relationship between
the heart and torso.">3"32 As we did not perform magnetic
resonance imaging (MRI) to all patients, right ventricular
dysplasia cannot be ruled out. Therefore, the accuracy of
algorithms cannot be correctly evaluated. The patients’
age range was 15 to 67 years for this study, and we did

not include more pediatric and older patient populations,
thus the age-related changes in PVC morphology were
not discussed.

Conclusions

All the five published 12-lead ECG algorithms for RVOT
arrhytmia differentiation were similar in terms of the di-
agnostic accuracy, specificity, sensitivity and LRs. In our
study, the Pytkowski algorithm, has the best accuracy and
sensitivity among the evaluated algorithms, in predicting
an even more precise location of the RVOT arrhythmias
origin, not only septal vs free wall, but also in the hori-
zontal and in the vertical plane and an excellent interob-
server agreement.
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INFORMACE O CLANKU SOUHRN

Historie clanku: Dilatace kofene a/nebo ascendentni aorty je spjata s vyssim rizikem akutni disekce. U nemocnych bez
Vlozen do systému: 20. 2. 2022 chlopenni vady, ktefi nespliuji kritéria pro jeji ndhradu, byla v poslednich letech zavedena do praxe metoda
Prepracovén: 7. 4. 2022 PEARS (personalized external aortic root support). Spociva v implantaci na miru vyrobené dakronové sitky,
Prijat: 25. 4. 2022 kterd zabréani progresi dilatace aorty. V praci jsou prezentovany vysledky prvnich 100 implantaci této sitky
Dostupny online: 7. 11. 2022 u pacientt v Ceské republice.

Soubor nemocnych a metodika: Soubor tvofilo 77 muzl a 23 Zen, prdmérného véku 40,4 + 15,3 roku. U 87
pacientl byla prokazana geneticky podminéna aortopatie (porucha pojivové tkané a/nebo bikuspidalni aor-
talni chlopen). U 14 pacientu byla aortalni regurgitace vétsi nez 1. st, ale u Zadného vétsi nez 2. st. Maximalni
rozméry aortalniho kofene a ascendentni aorty byly 60, resp. 59 mm.

Vysledky: U vsech pacientl byla sitka Uspésné implantovana, u 35 za srdecni akce bez mimotélniho obéhu.
V ¢asném pooperacnim prubéhu byly u 35 pacientl pfitomny klinické nebo laboratorni znamky zanétu,
u 23 pacientd prechodné supraventrikularni poruchy srde¢niho rytmu. Primérna doba hospitalizace cinila
8,4 + 2,4 dne a zadny pacient v casném pooperacnim pribéhu nezemfel. Pacienti byli sledovani v priméru
18,1 £ 17,2 mésice a na kontrolnim vysetieni doslo ve srovnani s predoperacnimi hodnotami k signifikantni-
mu zmenseni rozmérd kofene, sinotubularni junkce i ascendentni aorty.

Zavér: Strednédobé sledovani pacientl s dilataci aorty po implantaci PEARS ukézalo, ze tato metoda brani
dilataci aorty a je dobrym preventivnim opatfenim pfed moznou aortélni disekci.

Klicova slova:
Aortopatie
Dilatace aorty
Disekce aorty
PEARS
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ABSTRACT

Dilatation of the aortic root and/or ascending aorta is associated with an increased risk of acute dissection.
Personalized external aortic root support (PEARS) is a new method that was introduced in last years for these
patients without any significant valve disease who do not fulfil the criteria for aortic root or ascending aorta
replacement. It is a custom-made macroporous mesh that stabilises the aortic wall. We present the results of
the first 100 consecutive patients in whom PEARS was implanted.
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Zevni opora aorty u prvnich 100 pacientt

Keywords:
Aorta dilatation
Aortic dissection

Methods: The cohort of patients consists of 77 men and 23 women, average age 40.4+15.3 years. Genetically
driven aortopathy was proved in 87 patients. Fourteen patients have aortic regurgitation more then grade
1 but none of them more that grade 2. Maximal diameter of the aortic root and ascending aorta were 60
and 59 mm, respectively.

Results: The implantation of the mesh was successful in all the patients; cardiopulmonary bypass was not
used in 35 patients. Clinical or laboratory sings of the inflammation were detected in 35 patients and supra-
ventricular rhythm disturbances in 23 patients were presented in the early postoperative period. Average
length of stay was 8.4+2.4 days and none patient died in the early postoperative period. Mean follow-up of
all patients was 18.1+17.2 months. Significant reduction of root, sinotubular junction, and ascending aorta
dimensions were proved.

Conclusion: Mid-term results of patients with the aortic root and/or ascending aorta dilatation after PEARS

Aortopathy implantation showed that this method is a good preventative tool of further dilatation and possible aortic
PEARS dissection.
Uvod 40~
Jednou ze zakladnich charakteristik geneticky asociova- 357
nych aortopatii je dilatace kofene a/nebo ascendentni 30
aorty. Jeji progrese muze dospét ke katastrofické udalos- 25
ti, kterou je akutni disekce. Za zlaty standard |é¢by byla

. ) . PR 20
dlouho povazovana nahrada dilatované ¢asti aorty a aor-
talni chlopné konduitem s mechanickou chlopni. Kompli- 15
kace souvisejici s pfitomnosti mechanické chlopné vedly 104
ke snaze najit jiny typ vykonu, a tak by dnes metodou vol-
by méla byt zdchovna operace, pfi které bude odstranéna
patologicka aortalni sténa, ale zachovana spravné fungu-

jici aortaIni chlopen. Tento typ operace je viak technicky
pomérné narocny, proto zatim nedoznal univerzalniho
rozsifeni. Dalsi cestou bylo hledani méné rizikové meto-

Obr. 1 - Individualné vyrobené PEARS

dy, jako je zevni podpora aortdlni stény, kterd by zamezi-
la jeji dalsi dilataci a byla pouzitelna i jako preventivni vy-
kon u pacientd s méné dilatovanou aortou. Prvni takova
prace byla publikovéana jiz v roce 1971" a pak nasledovaly
dalsi, ale Zadna z nich nedosahla vétsiho ohlasu.?® Jejich
nevyhody byly odstranény pouzitim zcela nové techniky,
kdy je vytvorena specidlni porézni dakronova sitka vyro-
bena kazdému pacientovi na miru (personalized external
aortic root support - PEARS) (obr. 1).

2015 2016 2017 2018 2019 2020  7/2021

H Pocet pacientd I Pocet center

Obr. 2 - Poéet pacientti a pocet center implantujicich PEARS v CR

Soubor nemocnych a metodika

Pfedmétem studie je retrospektivni analyza prospektivné
shromazdovanych udajd vsech konsekutivnich pacientd,
u kterych byl implantovan PEARS na 8 pracovistich Ceské
republiky v obdobi od ledna 2015 do ¢ervence 2021. Vét-
Sina operaci byla provedena v letech 2020 a 2021 (obr. 2).

Predoperacni charakteristika pacientu je uvedena v ta-
bulce 1. Vétsina pacientd v souboru byli muzi, vék se po-
hyboval v Sirokém rozmezi od 8 do 77 rok(. U 87 pacient(
byla prokdzana geneticky podminéna aortopatie (poru-
cha pojivové tkané a/nebo bikuspidalni aortalni chlopen).
U 14 pacientt byla aortdIni regurgitace 1.-2. stupné, ale
u zadného vétsi nez 2. stupen. Maximalni rozméry aor-
talniho kofene a ascendentni aorty byly 60, resp. 59 mm.

U kazdého pacienta byl podle predem definovaného
protokolu CT vysetfeni vyroben 3D model kofene a ascen-
dentni aorty a dle néj pak vyrobena specidlni porézni sit-
ka z dakronu (obr. 1). Kazdému pacientovi jsou vyrobeny
dvé velikosti sitky; 100% velikost odpovida velikosti aor-
talniho lumen (dle kontrastu pfi CT vysetfeni), druha 95%
velikost umoznuje vétsi symetrickou redukci obvodu ko-
fene nebo ascendentni aorty.

Operace spociva v obaleni kofene a ascendentni aorty
touto sitkou. Sitka je ukotvena zevné v Urovni anulu aor-
talni chlopné. Implantace je mozna na bijicim srdci v Fize-
né hypotenzi nebo s pouzitim mimotélniho obéhu (MTO).
Pouziti MTO je zavislé na morfologickém nalezu, hemo-
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dynamické stabilité nebo preferenci chirurga. Podrobné
byla technika implantace popsana v literature.**

Statistické metody

KontinudIni proménné byly prezentovany jako primér
+ smérodatnd odchylka (SD), kategorické proménné
jako pocet — n (%). K hodnoceni statistické vyznamnos-
ti u proménnych byl pouzit parovy t-test. Pfi hodnoceni
statistické vyznamnosti proménnych byli vyjmuti pacien-
ti, u kterych nebyly k dispozici obé namérené hodno-
ty, takZe rozméry anulu byly porovnany u 61 pacientd,
rozméry kofene u 76 pacientd, rozméry sinotubuldrni
junkce u 59 pacientd a rozméry ascendentni aorty u 72
pacientd.

Vysledky

Operace s pouzitim MTO byla provedena u 65 pacientd,
jeho trvani bylo v praméru 86,5 minuty, délka trvani MTO
u pacientu, kde byla provedena pouze implantace PEARS
bez dalsiho vykonu, byla 62,8 + 19,2 minuty. U 21 pacien-
t0 byl proveden dalsi vykon, ktery si vétsinou vyzadal i srdec-
ni zastavu. Nejcastéji se jednalo o vykon na koronarnich
tepnach nebo na mitralni chlopni (tabulka 2).

V ¢asném pooperac¢nim sledovani se nejcastéji vyskytly
klinické (teplota, perikardialni nebo pleuralni vypotek)
nebo laboratorni znamky (elevace zanétlivych markeru)
systémové zanétlivé odpovédi a supraventrikuldrni po-
ruchy srde¢niho rytmu. Zavaznéjsi komplikace byly ridké
a vdechny se podafilo vyresit béhem hospitalizace. Pra-
mérna doba hospitalizace dosahovala 8,4 + 2,4 dne, v Cas-
ném pooperacnim obdobi nezemrel Zadny pacient.

Pacienti byli sledovani v priméru 18,1 mésice a pti kon-
trolnim vysetfeni doslo ve srovnani s predoperacnimi hod-
notami k zmenseni rozmérl korene, sinotubularni junkce
i ascendentni aorty a ke snizeni poctu pacientt s aortalni
regurgitaci (tabulka 3). Jeden pacient byl ale pro progresi
aortdlni vady reoperovan 14 mésicl po implantaci PEARS.

Tabulka 1 - Charakteristika pacienti

n = SD (max; min)

Vék (roky) 40,4 + 15,3
Muzi/zeny 77123
Choroba pojiva
Marfantv syndrom 34
Loeystv-Dietzlv syndrom 6
Jind 19
BAV B8
EF LK (%) 61,0+5,7
Aortalni regurgitace > 1 st. 14 (max. 2. st.)
cT
Anulus 30,2 £ 4,2 (41; 21)
Koren 46,5 + 5,8 (60; 33)
ST 38,5+ 6,5 (53; 28)
AA 40,4 + 10,5(59; 23)

AA - ascendentni aorta; BAV - bikuspidalni aortaIni chlopen; CT
- vypocetni tomografie; EF LK - ejekcni frakce levé komory; STJ -
sinotubularni junkce.

Tabulka 2 - Intraoperacni udaje

n + SD (max; min)
Predchozi srdecni operace 5

Dalsi operacni vykon
ACB, sutura koronarni tepny
MVP, MVR
MVP, TVP, ACB
Uzavér DSS II. typu
Uzévér DAP
MAZE
Pulmondlni homograft
Rossova operace
Ligatura AV pistéle
Extraanatomicky bypass
Plastika hrudni stény

NN S Y. S, )
-

Mimotélni obéh 65; 86,5 + 50,9 (242; 25) min

ACB - aortokorondrni bypass; AV - arteriovendzni; DAP - otevre-
na tepennd ducej; DSS - defekt sifnového septa; MVP - plastika
mitraIni chlopné; MVR - nédhrada mitrélni chlopné; TVP - plastika
trikuspidalni chlopné.

Tabulka 3 - Pooperacni sledovani

n = SD (max; min)

Doba hospitalizace (dny) 841+24
Casné pooperaéni komplikace
Znamky zanétu 35
SV poruchy rytmu 23
Fibrilace komor 2
Ischemie myokardu 3
Pfechodné neurologické komplikace 4
Reoperace pro krvaceni 3
Doba sledovani (mésice) 18,1+ 17,2 (74; 1)
Reoperace 1
Aortalni regurgitace > 1 st. 7
EF LK (%) 59,2 +7,1
Anulus (mm) 30,5+4,2
Koren 43,8 + 6,6*
ST 37,8 £ 6,2*%
AA 37,1 +8,9*

AA - ascendentni aorta; EF LK - ejek¢ni frakce levé komory,
STJ - sinotubularni junkce; SV - supraventrikularni.

* Statisticky vyznamné zména hodnot p < 0,05 oproti
predoperacnim hodnotam.

Diskuse

Akutni disekce aorty je katastrofickd udalost spoje-
na a vysokou mortalitou. Bylo prokazéano, Ze jeji riziko
vzristd s nardstanim rozméru korene a/nebo ascendent-
ni aorty. Planované feseni dilatace aorty pomoci tradi¢ni
resekéni metody, jako je nahrada dilatované ¢asti aorty
a aortdlni chlopné konduitem s chlopni nebo zachovné
operace, jsou rozsahlé a technicky narocné vykony. Proto
je snaha o vytvoreni méné rozsahlého, ale bezpecného
vykonu, ktery by byl vhodny zejména pro pacienty, jejichz
rozmér dilatované aorty jesté nedosahuje doporucenych
indikac¢nich kritérii.
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Zevni opora aorty u prvnich 100 pacientt

Metoda PEARS byla vynalezena a poprvé pouzita
u autora patentu v Anglii v roce 2005.¢ Od té doby se po-
stupné rozsifuje po celém svété a dnes je pouzivana jiz
v 11 zemich. Celkem bylo implantovano jiz vice nez 500
PEARS. V Ceské republice byla poprvé pouzita v roce 2015
a zejména v poslednich dvou az tfech letech zaznamenala
tato nova metoda prudky rozvoj. PEARS byl implantovan
jiz v osmi centrech, cozZ je vibec nejvyssi pocet center na
jeden stat.”

Vétsinovou indikaci k implantaci PEARS jsou stale do-
spéli pacienti s vrozenymi chorobami pojiva (Marfanutv
syndrom, Loeystv-Dietzdv syndrom apod.) a s dilataci
kofene aorty, pro které byla metoda puvodné vytvorena.
Diky vybornym vysledkdm se indika¢ni kritéria rozsifila na
détskou populaci, pokud dilatace kofene nebo ascendent-
ni aorty dosahuje rozméru blizkych aorté u dospélych,?
ainadalsi aortopatie, zejména na pacienty s bikuspidalni
aortalni chlopni (BAV) a dilatovanou ascendentni aortou,
ktefi dnes tvofi uz 15-25 % operovanych.” U BAV jsme
nehodnotili typ chlopné a implantace PEARS byla indiko-
vana u pacientl bez vady aortalni chlopné nebo s regur-
gitaci do 2. stupné s predpokladem udrzeni dlouhodobé
funkce chlopné, tedy ve stadiu, kdy by zdchovna operace
nebyla indikovéna. DosaZzené zkusSenosti ukazuji, ze im-
plantaci PEARS je mozné kombinovat s dalsimi nutnymi
vykony na srdci (revaskularizace myokardu, MAZE, vyko-
ny na mitralni chlopni nebo korekce vrozenych vad).”%°
Presnéjsi indikacni kritéria nebo kontraindikace k pouziti
PEARS nejsou zatim v literatufe stanoveny. Na zakladé
nasich prvnich zkusenosti se PEARS jevi jako vhodna |é-
¢ebnd metoda u nemocnych s dilataci ascendentni aorty
nebo kofene do 60 mm, bez aortalni stendzy a s aortalni
regurgitaci maximalné do 2. st. Za relativni kontraindi-
kaci by bylo mozné povazovat velmi tenkou sténu aorty,
zejména v pravém korondrnim sinu s tésné naléhajicim
svalovym vytokem pravé komory.

Pouziti mimotélniho obéhu proslo na vSech pracovi-
Stich urcitym vyvojem v zdvislosti na zkusenostech a ze-
jména na morfologickém nalezu na kofeni aorty. Nase
zkusenosti ukazuji, Ze jeho pouziti je vhodné zvazit u di-
latace korene s vysokym odstupem pravé koronarni tep-
ny, kdy tkan u odstupu byva velmi kfehka a pfi preparaci
hrozi jeji poskozeni, které se pak obtizné fesi. DalSim pfi-
kladem je hluboké umisténi aortdIniho anulu v pravém
korondrnim sinu, kdy naléhajici ¢ast svalového vytoku
pravé komory je jen tézko odpreparovatelnd od tenké
stény kofene. Hemodynamickd nestabilita béhem prepa-
race je dalsi jasnou indikaci k MTO.

Asi u tfetiny nemocnych je viak tfeba pocitat se vzni-
kem systémové zanétlivé odpovédi s klinickymi pfiznaky
nebo bez klinickych pfiznakd (subfebrilie, febrilie, pe-
rikardidlni nebo pleurdlni vypotky apod.). Tato reakce
pravdépodobné souvisi s velkou plochou implantované-
ho ciziho materialu a je pomérné snadno ovlivnitelna po-
operacni l1é¢bou antiflogistiky. Stejny dlvod zfejmé vede
i k pomérné castému vyskytu pooperacnich supraventri-
kularnich arytmii ve formé fibrilace nebo flutteru sini.

Strednédobé vysledky ukazuji, Ze se uspésné podafilo
zastavit dilataci kofene nebo ascendentni aorty. Podobné
vysledky jsou potvrzeny i v literature, kde v doposud nej-
vétsim publikovaném souboru prvnich 200 pacientl byla
perioperacni mortalita 0,5 % a reoperace byla nutnd jen

u tfi pacientd.”® U zaddného pacienta se nevyskytla akut-
ni disekce. V nasem souboru byla nutnd reoperace jen
u jednoho pacienta, a to pro progresi aortalni vady. Dle
soucasnych zkuSenosti by takovy pacient k PEARS dnes
indikovdn nebyl, protoZze kromé hemodynamicky nevy-
znamné regurgitace 0,5 stupné mél i nevyznamnou ste-
nézu s peak gradientem 15 mm Hg a démingem chlopné.
U zadného nevznikla akutni disekce.

Podle literarnich zkusenosti se ukazuje, Ze zpevnénim
nebo zmensenim aortalniho anulu, zejména pfi pouziti
95 % PEARS doslo u poloviny pacientl ke zmenseni aor-
talni regurgitace o jeden stupen.’ V tomto souboru vsak
byli jen pacienti s aortalni regurgitaci do 2. stupné. Pa-
cienti s regurgitaci vyssiho stupné s dilataci kofene nebo
ascendentni aorty méli byt smérovani spie k zachovné
operaci nez k implantaci PEARS.

Dosazené perioperacni vysledky jsou vyborné, bez
umrti a ukazuji na to, Ze metoda je bezpecnd. Bezpecnost
metody ma zasadni dilezZitost, protoze se vétsinou jedna
o preventivni operaci, kterd ma zabranit aortdlni disekci
jako hlavni pFi¢iné umrti pacientt s geneticky podminé-
nymi aortopatiemi.

Od prvni implantace PEARS uplynulo jiz vice nez 17
let a morfologie kofene a ascendentni aorty se u toho-
to pacienta neméni, stejné tak jako u dalsich 29 pacientt
sledovanych vice nez deset let.” Také na$ soubor stejné
jako dalsi studie potvrzuje trvanlivost metody, bez zna-
mek dilatace kofene nebo ascendentni aorty." Presto se
jedna stdle o metodu, kterd je relativné novd a nema opo-
ru v guidelines, a proto je tfeba peclivé pravidelné dlou-
hodobé sledovani viech nemocnych. Jako nejvhodnéjsi se
jevi kombinace transtorakalniho echokardiografického
vysetfeni a nuklearni magnetické rezonance (NMR) v in-
tervalu jednoho roku az dvou let.” Pro ucely hodnoceni
byly v této studii porovnany predoperacni tdaje CT s po-
operacnimi udaji CT nebo NMR dle preference pracovist.

Peclivé dlouhodobé sledovani je dllezité i pro potvr-
zeni Uspésnosti metody, protoze se v literature stale ob-
jevuji i skeptické ndzory nebo pozadavky na eticky tézko
uskutecnitelné randomizované studie.”™

Limitace studie

Hlavni limitaci je fakt, Ze byla retrospektivné hodnoce-
na data z rtznych pracovist, jejichz presna definice byla
stanovena az v dobé jejich sbéru (napf. nebylo dopredu
stanoveno, jakd metoda bude pro dlouhodobé sledova-
ni pouzita). Implantace 100 PEARS probéhly béhem vice
nez péti let a béhem této doby se postupné vyvijela nejen
chirurgicka technika, ale i indikace. Vznikl tak velmi he-
terogenni soubor. Ménil se i vyznam a misto jednotlivych
metod, na zakladé kterych byla u pacientt indikovana
operace a pooperacné byli sledovani (echokardiografie,
NMR, CT).

Zaveér

Studie shrnuje vysledky implantace PEARS u prvnich 100
pacientd v Ceské republice. Pouziti této metody ma svoje
opodstatnéni u pacientl s geneticky podminénymi aor-
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topatiemi, ktefi jsou na hranici nebo doposud nespliiuji
kritéria pro ndhradu aortalniho kofene nebo ascendentni
aorty. V rukou zkusenych chirurgt je tato metoda bez-
pec¢na a predstavuje vhodny zpUsob |écby pro vybrang,
dobre informované pacienty. Strednédobé vysledky po-
tvrzuji, Ze PEARS brani dilataci aorty, a tak predchazi ka-
tastrofickym uddlostem.
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onemocnéni dosahuje 2 % v dospélé populaci vyspé-
lych statd, u osob starsich 70 let je to i vice nez 10 %
a v poslednich letech se ve vSech rozvinutych statech

Uvod

Chronické srdecni selhani je komplexni klinicky syn-
drom, ktery se manifestuje symptomy a/nebo objek-
tivnimi zndmkami u pacientl se strukturdlnim a/nebo
funkénim srde¢nim poskozenim vedoucim ke zvyseni
plnicich tlakd srde¢nich komor a/nebo neadekvatnimu
srde¢nimu vydeji v klidu ¢i béhem zatéze."? Prevalence

zvysuje. V Ceské republice byla prevalence srde¢niho
selhani v roce 2018 pres 280 tisic nemocnych.? Péce
o pacienty se srde¢nim selhanim se opira o pravidelné
aktualizované doporucené postupy Evropské kardio-
logické spolecnosti. Pokroky v 1é¢bé srde¢niho selhani
vedou k poklesu mortality na toto onemocnéni, ale
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Zdavodnéni a plan studie MOST-HF

i k poklesu hospitalizaci. U¢innost lé¢ebnych postupd
na pokles mortality a morbidity se v souladu s principy
mediciny zaloZzené na dlUkazech potvrdila pro poda-
vani inhibitorld angiotenzin konvertujiciho enzymu,
beta-blokatord, antagonistd mineralokortikoidnich
receptorl, blokatord receptoru angiotenzinu a in-
hibitorl neprilysinu, gliflozind a déale u koronarni
revaskularizace, chirurgické lécby chlopennich vad,
pouziti implantabilnich defibrilatord a srdec¢ni resyn-
chronizad¢ni 1é¢by u pacientl se srde¢nim selhanim se
snizenou ejekéni frakci.* Situaci v Ceské republice se
v minulosti vénoval registr akutniho srde¢niho selha-
ni AHEAD, ktery byl vytvofen pro zhodnoceni profilu
a progndzy pacientl hospitalizovanych pro akutni sr-
decni selhani v deseti centrech s katetriza¢nim salem
a v péti regiondlnich nemocnicich. Registr AHEAD byl
zahajen v roce 2006 a ukoncen v roce 2011. Analyza
dat pfinesla mnozstvi vyznamnych informaci pro zlep-
Seni péce o pacienty.®

Registr a observac¢ni studie MOST-HF se zaméfi na po-
pulaci pacientl s chronickym srde¢nim selhanim (CHSS),
ktefi jsou lé¢eni ambulantné.

Cile studie

Cilem studie je analyzovat a popsat stav diagnostiky a léc-
by srde¢niho selhani v Ceské republice. V oblasti paramet-
rG diagnostiky se studie zaméri na vyuziti echokardio-
grafie a stanoveni koncentrace natriuretickych peptida.
V oblasti [é¢by se studie zaméfi na urover farmakologic-
ké 1écby véetné dosazeni maximalnich tolerovanych dé-
vek |ékl s prognostickym dopadem a na uroven pfistrojo-
vé |écby (implantace defibrilatoru a pfistroje pro srdec¢ni
resynchronizacni |écbu).

Plan studie

Studie je pldnovana jako multicentricka, prospektiv-
ni a neintervencni (observacni). Sbér dat bude probihat
v podminkdach bézné klinické praxe ambulanci srde¢niho
selhani kardiologickych center (AmbSS) a v kardiologic-
kych ambulancich (KarAmb), které deklaruji péci o pa-
cienty s CHSS.

Vybér pacienti a zarazovaci kritéria

Zarazeni mohou byt nemocni, ktefi spliuji vSsechna néa-
sledujici kritéria: vék vyssi nez nebo roven 18 let, v am-
bulantni péci, spliujici diagnosticka kritéria srde¢niho se-
Ihani (podle univerzalni definice dle Bozkurtové et al., tj.
s pfitomnosti nebo anamnézou symptomU zpUsobenych
strukturalni a/nebo funkéni srde¢ni abnormalitou a zaro-
ven zvySenou koncentraci natriuretického peptidu typu B
(BNP) > 35 pg/ml nebo N-termindlniho fragmentu natri-
uretického propeptidu typu B (NT-proBNP) > 125 pg/ml).?

V planu je zaradit 2 000 pacientd. Jedno centrum by
mélo zaradit minimalné 30 pacientd, optimalni pocet je
50 ucastnikl. Do registru budou zarazeni pacienti s CHSS
vysetfeni napfiklad v jeden den v tydnu (AmbSS) nebo

béhem jednoho tydne v mésici (KarAmb). ZpUsob zaraze-
ni pacientt do registru, pfipadné volba konkrétniho dne
nebo tydne je na vybéru pracovisté.

Metodika sbéru dat

Potiebné udaje budou zjistény pfi vstupnim vysetfeni pa-
cienta a po 12 mésicich sledovani. Pfehled sledovanych
parametrd uvadi souhrnné tabulka 1. Mezi vstupnim vy-
Setfenim a kontrolou po 12 mésicich pacient absolvuje
bézné kontroly dle zvyklosti jednotlivych pracovist. Data
z téchto béznych kontrol zaznamendvana do registru ne-
budou (s vyjimkou zdznaml o nezadoucich ucincich far-
makoterapie).

Kvalita Zzivota bude posouzena s vyuzitim ¢eské jazyko-
vé mutace dotazniku Kansas City Cardiomyopathy Ques-
tionnaire (KCCQ). Dotaznik je urcen ke zhodnoceni toho,
jak pacient vnima svij zdravotni stav, pfiznaky srde¢niho
selhani, jejich dopad na fyzické a socidlni funkce a celko-
vou kvalitu Zivota za posledni dva tydny.” Dotaznik vypl-
fuje pfimo pacient.

Pfi kontrole po 12 mésicich zkousejici |ékafi pro-
vedou znovu odhad mortality dle metodiky MAGGIC
a dale zaznamenaji do databaze, zda doslo k nasledu-
jicim udalostem: umrti, mimofadné kontrola pro zhor-
Seni srde¢niho selhani v ambulanci, hospitalizace pro
srdecni selhani a jejich pocet v poslednim roce, jaka-
koli hospitalizace z jinych ddvodl nez srdecni selhani
a jejich pocet v poslednim roce, indikace k ortotopické
transplantaci srdce (OTS) nebo implantaci levostranné
mechanické srdec¢ni podpory (LVAD), provedena OTS
nebo implantace LVAD.

Pozornost bude v prlbéhu sledovani pacientt vé-
novana také pripadnym nezadoucim ucinkim lécby.
V3echny pozorované zdvazné nebo neocekavané neza-
douci ucinky (tj. nepfiznivé reakce oznacené jako sou-
visejici se sledovanou farmakoterapii nebo pfistrojo-

Tabulka 1 - Prehled sledovanych parametrii registru MOST-HF

Demografické a biometrické udaje

Osobni a rodinnd anamnéza se zamérenim na kardiovaskularni
onemocnéni a bézné komorbidity, navyky, covid-19

Funk¢ni stav a kvalita Zivota
Symptomy
Fyzikalni vysetreni

Instrumentalni vysetieni - EKG a echokardiografie,
pfipadné rtg hrudniku

Laboratorni vysetieni

Farmakologicka Iécba srdecniho selhani — genericky nazev léciva,
celkova denni davka a jeji zddvodnéni, pfipadné absence |ékové
skupiny v medikaci a nékteré dalsi informace

Pfistrojova a intervencni [écba srdec¢niho selhani - druh lécby,
rok zavedeni

Dalsi opatreni - dietni a rezimové opatreni, edukace,
rehabilitace, vyuziti nastrojl telemediciny

Predikce mortality dle metodiky MAGGIC*

* Viz citace &



F. Malek et al.

587

vou lé¢bou) museji byt nahlaseny Statnimu ustavu pro
kontrolu lé¢iv (SUKL). Hlaseni provadi zkousejici Iékar
pomoci formulaie dostupného na webovych strankach.

Do registru MOST-HF Iékaf zaznamena pouze nazev ne-
zadouciho ucinku, zda byl zavazny (viz definice vyse) a zda
a kdy byl hlasen SUKL. Zaznamy o nezadoucich ucincich se
provadeéji pribézné po celou dobu Ucasti pacienta ve studii.

Registr bude spravovan pomoci zabezpecené webo-
vé softwarové platformy REDCap (Research Electronic
Data Capture) hostované na Masarykové univerzité
(Brno, Ceska republika). REDCap je navrzen a validovéan
pro sbér dat v klinickém vyzkumu, poskytuje intuitiv-
ni rozhrani, auditni zdznamy pro sledovani manipula-
ce s daty, moznost exportu dat a importu do béznych
statistickych balicka.®2 Proskoleni zkoulejici lékafi ci
studijni sestry/koordinatofi ziskaji pfistup do databaze
REDCap pomoci osobniho uzivatelského jména a hesla.
Data budou sbirdna a analyzovana v pseudonymizova-
né formé. Kazdému ucastnikovi studie tedy bude pfifa-
zen kod, pod nimz budou jeho udaje zaznamenavany
do registru. Kli¢ k identifikaci pacientl bude bezpecné
uloZzen v centru, kde jsou pacienti sledovani. Vsechna
zUucastnéna centra se zavazuji zachazet s osobnimi udaji
Ucastnikl studie dle platné legislativy, zejména zdkona
¢. 110/2019 Sb., o zpracovani osobnich udaja. Zakladni
pouceni o ochrané osobnich Udaju je soucasti informa-
ci pro pacienta a formulare informovaného souhlasu
s Ucasti ve studii. Podrobnéjsi informace jsou ucastni-
kdm poskytnuty v samostatném dokumentu.

Statisticka rozvaha

V souladu s cili této observacni studie — analyzovat a po-
psat stav diagnostiky a 1é¢by srde¢niho selhani v Ceské
republice — neni planovana aplikace metod konfirmacni
statistiky a formalni testovani hypotéz, pouzité metody
budou deskriptivni a exploratorni.

Sledované spojité parametry (napr. vék, laboratorni
parametry) budou popsany pomoci nasledujicich statis-
tik: pocet pacientl s vyplnénou hodnotou (n), pramér,
smérodatnd odchylka, median, minimum a maximum.
Bindrni a kategorialni parametry (napf. pohlavi, vyskyt
jednotlivych komorbidit) budou prezentovany jako ab-
solutni a relativni ¢etnosti.

Predikce mortality dle metodiky MAGGIC bude pro-
vedena zkousejicimi lékafi v ramci vstupniho vysetieni
i kontroly po 12 mésicich. Odhadnuto bude vzdy jed-
noleté a tfileté riziko umrti. Odhady spocitané na kon-
trole po 12 mésicich budou porovnany vici své vstupni
hodnoté pomoci parového t-testu (pfipadné jeho nepa-
rametrické alternativy Wilcoxonova testu). Bude pouzi-
ta hladina vyznamnosti o = 5 %.

Chybéjici data nebudou nahrazovana. Do analyzy
budou zahrnuti viichni pacienti splfiujici zafazovaci kri-
téria.

Podrobny popis statistickych metod a analyzovanych
parametrd bude soucasti Planu statistickych analyz
(SAP) vytvoreného prfed uzamcenim databaze.

Aby byla fadnym zplGsobem zajisténa préva a bezpec-
nost Ucastnikd studie a integrita ziskanych vyzkumnych
dat, budou tato studie a sbér dat do registru provadény

v souladu s platnou verzi protokolu, relevantnimi narod-
nimi legislativnimi poZadavky a mezinarodnimi standar-
dy, kterymi jsou predevsim: zakon ¢. 378/2007 Sb., o 1é¢i-
vech, v platném znéni, vyhlaska ¢. 226/2008 Sb., o spravné
klinické praxi a blizsich podminkach klinického hodnoce-
ni lécivych ptipravkd, v platném znéni, spravna klinicka
praxe dle Mezinarodni komise pro harmonizaci, ve znéni
nejnoveéjsi aktualizace ICH E6 (R2), Helsinska deklarace, ve
znéni nejnovéjsi aktualizace (r. 2013).

Studie se zucastni pouze osoby starsi 18 let. Do stu-
die nebudou zatazovany osoby v akutnim stavu, se
snizenou uUrovni védomi nebo v bezvédomi, s omeze-
nou zpUsobilosti k prdvnim ukondm nebo s omezenou
osobni svobodou aj.

Pacienti spliujici kritéria naboru budou osloveni
s nabidkou ucasti ve studii. Zkousejici 1ékafr pacientovi
srozumitelné vysvétli principy, usporddani a cile studie.
V pfipadé, Ze si osloveny bude prat do studie vstoupit,
bude ziskan informovany souhlas v¢etné podpisu formu-
IaFe. Ucastnici obdrzi stejnopis informovaného souhlasu
a informace ke zpracovani osobnich udaju dle platné le-
gislativy. U¢astnik ma pravo kdykoliv ukon¢it svou ucast
ve studii z jakéhokoliv dlvodu nebo i bez jeho uvedeni.
Predcasné ukonceni ucasti nesmi negativné ovlivnit dal-
$i zdravotnické ukony nebo péci, kterd bude pacientovi
poskytovana. Dle platné legislativy je tato neintervencni
(observacni) studie ohlaena Statnimu ustavu pro kont-
rolu léciv a etické komisi (etickym komisim).

Registr a observacni studie MOST-HF jsou nekomer-
¢nim klinickym vyzkumem z iniciativy odborné spole¢nosti.

Financovani
Podpofeno ze statniho rozpoctu prostfednictvim MSMT
projektem VI CZECRIN (LM2018128).
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Cil: Analyzovat souvislost mezi podanim reversinu a zvysenou plasticitou bunék DFAT schopnych déleni na
rdzné typy bunék.
Metoda: Vykultivované burnky DFAT byly rozdéleny do ¢tyf skupin podle davky reversinu: na kontrolni (bez
reversinu) skupinu a na skupiny s aplikaci reversinu v davkach 10 nM, 20 nM a 40 nM. Kazda skupina prochazi
nékolika stadii vyvoje pred dalsi diferenciaci na kardiomyocyty (identifikované expresi cTnT), buriky hladké
svaloviny (vascular smooth muscle cells, VSMC) (oznacené expresi afta-SMA) a buriky cévniho endotelu (iden-
tifikované expresi CD31).
Vysledek: V kazdé skupiné bunék DFAT s aplikaci reversinu byly nalezeny statisticky vyznamné rozdily v ex-
presi ¢cTnT, alfa-SMA a CD31 (p = 0,003; resp. < 0,001 a < 0,001). Post hoc analyza s pouZitim Tukeyova testu
prokazala, ze pouze ve skupiné s reversinem v davce 10 nM doslo ke statisticky vyznamnému rozdilu oproti
kontrolni skupiné (p = 0,002) v expresi cTnT a ve skupinach s reversinem v davkach 10 nM a 20 nM k rozdilu
v expresi alfa-SMA a CD31 (p = 0,028, resp. p < 0,001).
Zavéry: Tato studie prokazala vztah mezi davkou reversinu a zvysenou plasticitou bunék DFAT schopnych
diferenciace na kardiomyocyty (cTnT), VSMC (alfa-SMA) a burky cévniho endotelu (CD31).

© 2022, CKS.

ABSTRACT

Aim: To analyze the association between reversine and increased plasticity of DFAT into cardiac derivative
cells.

Method: The cultured DFAT cells were divided into four groups based on reversine dose: control (no reversi-
ne), 10 nM, 20 nM, and 40 nM reversine. Each group will go through several stages of passage before further
differentiation into cardiomyocytes (marked by cTnT expression), VSCMs (marked by alpha-SMA expression),
and vascular endothelial cells (marked by alpha-SMA expression) (marked by CD31 expression).

Result: There were significant differences in the expression of ¢TnT, alpha-SMA, and CD31 (p = 0.003,
p <0.001, and p <0.001, respectively) in each group of DFAT cells that received reversine. From post-hoc
analysis with Tukey test, it was found that only the 10 nM reversine group produced a significant difference
compared to the control group (p = 0.002) for cTnT expression and reversine 10 nM and 20 nM group for
a-SMA expression and CD31 expression (p = 0.028 and p <0.001, respectively).

Conclusions: This study proves that there is a relationship between reversine and increased plasticity of
DFAT cells into cardiac derived cells in the form of cardiomyocytes (cTnT), VSMCs (alpha-SMA), and vascular
endothelial cells (CD31).

Address: Budi Baktijasa Dharmadijati, Department of Cardiology and Vascular Medicine, Faculty of Medicine Universitas Airlangga — Dr. Soetomo General Hospital
JI. Mayjend Prof. Dr Moestopo No 4-6, Surabaya, East Java 60285, Indonesia, e-mail: budi.baktijasa@fk.unair.ac.id
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Please cite this article as: Ramadhan MF, Oktaviono YH, Dharmadjati BB, Intan RE. Association between reversine dose and increased plasticity of dedifferentiated fat (DFAT cells) into
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Introduction

Cardiovascular disease (CVD) is the leading cause of mor-
bidity and mortality worldwide. Between 2010 and 2030,
the prevalence rate is expected to climb by 10%."' CVD is
also the major cause of morbidity and mortality in Indone-
sia, accounting for one third of all deaths,? and estimated
to cause more than 470 000 deaths annually.®> Advances in
therapeutic modalities for patients after acute myocardial
infarction (AMI) have led to a reduction in early mortali-
ty. Despite that, this approach still cannot prevent inter-
stitial, vascular, and cardiac cell death. Recently, there has
been a new understanding that regenerative processes can
also occur in the myocardium. The use of stem cells has
begun to be developed as a promising therapeutic appro-
ach with high expectations to regenerate the function of
the infarcted myocardium and repair injured endothelial
cells.*” Besides embryonic stem cells (ESCs), adult stem cells
(ASCs) are one of the two multipotent stem cells, that can
be obtained from many organs.® Adipose tissue (AT) is an
ASC that contains more stem cells than other tissues and
may be obtained through a less invasive surgical process.’
Previous in vitro experiments have revealed that mature
AT can be converted into multipotent stem cells.'® The “ce-
iling culture” approach is used to create adipocyte-derived
cell lines, also known as dedifferentiated fat cells (DFAT).
DFAT cells have a fibroblast-like appearance and possess
the properties of multilineage precursor cells."" It has been
shown that DFAT cells can differentiate into some impor-
tant cardiovascular component, such as vascular smooth
muscle cells (VSMCs), identified by smoothelin and alpha-
-SMA expression,' vascular endothelial cell (EC) marked
by CD31 expression, and cardiomyoctye (CM) marked by
cardiac troponin T (cTnT) in immunocytochemical analy-
sis.”> All of the components are necessary for circulatory
regeneration and myocardial contractility improvement.™
Reversine is a 2,6-disubstituted purine derivative which
not only inhibits the human adenosine A3 receptor, non-
-muscle myosin Il heavy chain, mitogen activated protein
kinase-1 (MEK1), and Aurora B kinase, but also induces the
differentiation of myogenic competence cells into multi-
potent mesenchymal progenitor cells and the differentiati-
on of mouse macrophages into mesenchymal progenitor-
-like cells.>® Currently, there is no research concerning the
effect of reversine on increasing the plasticity of DFAT cells
into cardiac derived cells in the form of VSMCs, CM, and
EC. Our study aimed to analyze the association between
reversine and increased plasticity of DFAT into cardiac de-
rivative cells.

Methodology

This study is an exploratory experimental study (in vitro)
with a cross-sectional design that aims to analyze whe-
ther the administration of reversine will increase the plas-
ticity of DFAT cells, which differentiate into vascular EC,
CM, and VSMCs characterized by the expression of CD31,
cTnT, and Alpha-SMA markers, respectively. All informa-
tion that may disclose the subjects’ identities has been
removed. This study’s sample population was DFAT cells
cultured from abdominal subcutaneous adipose tissue of

a healthy human subject. The DFAT cells are then sepa-
rated into four groups where each group will be added
with experimental variables: control (without reversine),
10 nM reversine, 20 nM reversine, and 40 nM reversine.
The sample size in each group was eight samples DFAT
cells replication, calculated using Higgins and Klinbaum
formula."” The study outcome was quantitative differen-
tiation of cardiomyocytes (marked by cTnT expression),
VSCMs (marked by alpha-SMA expression), and vascular
endothelial cells (marked by CD31 expression) from each
reversine dose group compared to control group.

Statement of ethics

The research is carried out at the Center for Research and
Development of Stem Cells, Institute of Tropical Dise-
ases (ITD), Universitas Airlangga from July 2021 to March
2022. The Institutional Ethics Committee of Dr. Soetomo
General Hospital approved our study protocol (53/EC/
KEPK/FKUA/2022). Informed consent for adipose tissue
sampling procedures and participation in research studies
was obtained from all patients.

Sample collection and culture isolation

For sample collection, mature adipocyte tissue was ob-
tained from loose subcutaneous tissue through a laparoto-
my procedure with an estimated weight of 10 grams, sto-
red in 50 mL conical tube and ice at —70 degree of Celcius.
Then 1-2 grams of adipocyte tissue was washed with 5 mL
PBS once in a 50 ml tube. The next step is DFAT cell culture
and adipocyte isolation with insert culture.’”® One gram of
mature adipocyte tissue was mashed, and 0.1% collagena-
se type | solution was added, then filtered through a ny-
lon filter (100 uym) and centrifuged for 3 minutes. Then
the supernatant was taken, rinsed three times with aMEM
solution. A total of 30-50 pL of adipocytes obtained from
the creamy top layer were then transferred into six well
plates filtered with 70 pL and incubated for five days in
a culture medium. The DFAT cell will sink to the bottom of
the dish and be picked up. It takes 5x 10* adipocytes (less
than 100 mg adipose tissue) to obtain an adequate quanti-
ty of DFAT cells. The expression of mesenchymal stem cells
markers, such as CD90+, CD105+, CD34—, and CD45-, was
assessed using an immunocytochemical method (immu-
nofluorescence indirect) to determine cell morphologies.
DFAT cells were harvested, fixed using methanol, and af-
ter 15 minutes was added with anti-CD90, anti-CD45, an-
ti-CD34 and anti-CD45 reagents. Then the mixture were
washed with PBS solution, dropped on object glass, and
then evaluated using fluorescence microscopy. Furtherore,
DFAT cells were induced on differentiation media of VSM-
Cs, CM, and EC. Good quality DFAT cells were cultured on
special media for differentiation of VSMCs, namely alpha-
-MEM, differentiation of CM, namely StemCelldiff (Stem-
cell, USA), and differentiation of EC, namely CSTI-303MSC
(Cell Science & Technology Institute, Miyagi, Japan). Each
differentiation medium consists of 3 parts: differentiation
medium A, differentiation medium B, and maintenance
medium. The last stage was the assessment of the expre-
ssion of a-SMA (marker for VSMCs), cTnT (marker for CM),
and CD31 (marker for EC). Assessment of the expression of
each marker in ADSC/DFAT culture results was carried out
after ADSC and DFAT cells were exposed to differentiation
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medium on days 7 and 21 for a-SMA expression, day 7,
14, and 21 for cTnT expression, and days 6 and 8 for CD31
expression. The differentiation medium was changed daily
according to the protocol until the final target day of ob-
servation was reached. A fluorescent microscope was used
to examine the presence of antibody and antigen binding
on the cell’s surface and inside.

Statistical analysis

The SPSS 25.0 software was used to analyze the data (IBM
Corp., Armonk, New York). The mean SD was used to pre-
sent continuous data. We used the Saphiro Wilk test to
determine the data distribution normality. The primary
goal of this study is to see if there is a difference in the
number of cardiomyocytes (marked by cTnT expression),
VSCMs (marked by alpha-SMA expression), and vascular
endothelial cells (marked by CD31 expression) from each
reversine dose group compared to the control group,
using an ANOVA comparison test followed by Tukey post-
-hoc analysis for normally distributed data, and a Kruskal-
-Wallis comparison test followed by Mann-Whitney for
undistributed data.

Results

Descriptive result

The sample donor characteristic was a healthy 32-year-
-old human female donors with normal blood profiles, no
history of diabetes, hypertension, CAD, malignancy, and
were not obese. Subcutaneous abdominoplasty was used
to harvest the adipose tissue and further proccessed. The
following is a descriptive calculation of the expression
variables for VSMCs, CM, and EC markers in the control
group and the reversine group, namely reversine 10 nM,
reversine 20 nM, and reversine 40 nM (Table 1).

From Table 1, it can be seen that the highest average
quantity of cTnT and alpha-SMA expression in group 1 (re-
versine 10 nM) was 9.00 = 1.03 and 30.18 + 8.22, respective-
ly, while the lowest was in the control group, with 7.04 +
1.07 and 15.23 + 3.67, respectively. Meanwhile, the highest
CD31 expression quantity was found in group 2 (reversine
20 nM), with 41.35 = 10.96, and the lowest was in the con-
trol group 11.23 + 7.08. Normality test was carried out us-
ing the Shapiro-Wilk test. All three variables has a normal
distribution. (p = 0.134, 0.062, 0.083, respectively).

Effect of reversine dose on alpha-SMA, cTnT,

and CD31 expression of DFAT cells

For VSMCs differentiation, ANOVA analysis showed that
there are significant differences in the expression of

NS

40.00 *
< *
* NS NS
NS -
30.00
<
=
w
<
§ 20.00
=
10.00— H
0.00
Control Group 1 Group 2 Group 3
Reversine

Fig. 1 - Differences in the mean expression of the VSMC marker
(a-SMA [ASMA]) based on the reversine dose group (control group,
group 1 (10 nM), group 2 (20 nM), group 3 (40 nM). P value <0.05 (*)
was considered statistically significant, NS — non significant.

a-SMA in each group of DFAT cells receiving various doses
of reversin (p < 0.001) (Table 2).

From the Tukey test which is a post-hoc analysis of the
ANOVA test, it was found that only the reversine dose 10
nM group and the reversine dose 20 nM group resulted
in a significant increase in a-SMA expression compared to
the control group (30.18 + 8.22 vs. 15.23 + 3.67; p = 0.028)
and (24,35 + 2.80 vs. 15.23 + 3.67; p <0.001), respectively.
It was also found that o-SMA expression was significantly
lower in Reversine 40 nM group compared to Reversine
10 nM group (p <0.001) (Fig. 1).

For CM differentiation, from the Table 2, it was known
from ANOVA analysis that there are significant differ-
ences in cTnT expression in each group of DFAT cells re-
ceiving various doses of reversine (p <0.001). From Tukey
pot-hoc analysis, significant difference was only found
between the reversine 10 nM group and control group
(9.00 = 1.03 vs. 7.05 = 1.07; p = 0.002). Meanwhile, no
statistical difference was found between other groups,
however, the data showed the trend of increasing cTnT
expression from reversine 10 nM group to reversine 20
nM group, and then decreasing in 40 nM group (Fig. 2).

For EC differentiation, it was found that there was
a significant difference of CD31 expression in each group
of DFAT cells that received various doses of reversine.
From the Tukey post-hoc analysis, it was found that the
Reversine dose 10 nM group and the Reversine dose 20

Table 1 - Descriptive result of cardiac derived cells marker by reversine dose group

n Total Control
LR (replication)
Mean SD Mean SD
cInT 8 7.99 1.16 7.04 1.07
o-SMA 8 21.98 7.48 15.23 3.67
CD31 8 24.57 13.96 11.23 7.08

Group 1 Group 2 Group 3
Reversine 10 nM Reversine 20 nM Reversine 40 nM
Mean SD Mean SD Mean SD
9.00 1.03 8.17 0.55 7.74 1.10
30.18 8.22 24.35 2.80 18.16 2.65
24.66 10.19 41.35 10.96 16.12 5.06
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Fig. 2. Differences in the mean expression of the cardiomyocyte
marker (cTnT) based on the reversine dose group (control group,
group 1[10 nM], group 2 [20 nM], group 3 [40 nM]). P value <0.05
(*) was considered statistically significant. NS - non significant.

nM group resulted in a significant increase in CD31 ex-
pression compared to the control group (24.66 + 10.19 vs
11.23 £ 7.08; p = 0.028) and (41.35 + 10.96 vs. 11.23 +
7.08; p < 0.001), respectively. There was also significant in-
crease in CD31 expression from reversine 1 OnM group to
reversine 20 nM group (p = 0.01), and then decrease CD31
expression from reversine 20 nM group to reversine 40 nM
group (p<0.001) (Fig. 3).

Fig. 3 - Differences in the mean expression of the vascular endothe-
lial cell marker (CD31) based on the reversine dose group (control
group, group 1 [10 nM], group 2 [20 nM], group 3 [40 nM]). P value
<0.05 (*) was considered statistically significant, NS — non significant.

Discussion

The advantages of DFAT over ASCs that they were detected
earlier (= on 5th day) with a larger number of cells, easier
access, and isolation method, homogeneity, and lower im-
munogenicity after transplantation.’?° Previous research
has demonstrated that DFAT cells may transdifferentiate
into chondrocytes, osteoblasts, smooth muscle cells, ske-

Table 2 - Difference in expression of VSMC markers (¢-SMA), cardiomyocyte markers (cTnT), and EC markers (CD31)

based on reversine dosage group

Variable ANOVA p-value Description

a-SMA  0.000 There is a significant
difference between groups

cTnT 0.000 There is a significant
difference between groups

CD31 0.000 There is a significant

difference between groups

Post-hoc test

Control
Control
Control
Group 1 (10 nM)
Group 2 (20 nM)
Group 1 (10 nM)
Control
Control
Control
Group 1 (10 nM)
Group 2 (20 nM)
Group 1 (10 nM)
Control
Control
Control
Group 1 (10 nM)
Group 2 (20 nM)
Group 1 (10 nM)

Group 1 (10 nM)
Group 2 (20 nM)
Group 3 (40 nM)
Group 2 (20 nM)
Group 3 (40 nM)
Group 3 (40 nM)
Group 1 (10 nM)
Group 2 (20 nM)
Group 3 (40 nM)
Group 2 (20 nM)
Group 3 (40 nM)
Group 3 (40 nM)
Group 1 (10 nM)
Group 2 (20 nM)
Group 3 (40 nM)
Group 2 (20 nM)
Group 3 (40 nM)
Group 3 (40 nM)

Tukey
p-value

0.028
0.000
0.279
0.109
0.105
0.000
0.002
0.077
0.279
0.092
0.105
0.253
0.028
0.000
0.279
0.010
0.000
0.105

Significant
difference

Yes
Yes
No
No
No
Yes
Yes
No
No
No
No
No
Yes
Yes
No
Yes
Yes
No
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letal myocytes, cardiomyocytes, vascular smooth muscle
cells, and vascular endothelial cells in vitro or in vivo gi-
ven the right growing conditions.” Similar as our study,
previous study also indicated the use of specific marker of
a-SMA for VSMCs, cTNT for CM, and CD31 for EC."2"3 The
use of cardiac derived cells from DFAT is thought to have
potential benefit for treatment for cardiovacular disease,
for example, treatment with VSMCs and their progenitors
has been shown to induce neovascularization, wound he-
aling, and improve myocardial contractility." In another
study, transplanted DFAT cells aggregated in the infarc-
ted myocardium at 8 weeks following cell transplantati-
on, produced cardiac actin sarcomer, and significantly (p
0.05) enhanced capillary density in the infarcted region as
compared to the hearts of the injected salt control mice.?'

However, no prior research has looked at the possi-
bility of increasing the plasticity of DFAT differentiation
into cardiac-derived cells. Our finding was the first that
prove that reversine can increase the plasticity of human
DFAT cells into cardiac derived cells in the form of cardio-
myocytes (cTnT), VSMCs (alpha-SMA), and vascular endo-
thelial cells (CD31). Previous studies have only shown that
reversine have the capacity to induce differentiation in
other tissue. Reversine, an adenosine A3 receptor antago-
nist, has been shown to stimulate the differentiation of
myogenic competence cells into multipotent mesenchy-
mal progenitor cells. It was also discovered to cause myo-
blasts to differentiate and become multipotent progeni-
tor cells.” Another study showed that reversine can drive
the development of lineage-bound mouse myoblasts into
multipotent progenitor cells that can differentiate into
osteoblasts or adipocytes under the right circumstances.??
Thus, our finding add important knowledge of the ben-
efit and capability of reversine to induce differentiation
of human DFAT into cardiac derived cells, which can be
usefull for further research and treatment for cardiovas-
cular disease with stem cell approach.

This is inline with previous evidence that showed the
benefit of reversine. Soltani et al. showed that treatment
with very low concentrations of reversine promotes dif-
ferentiation of DFAT cells.?? Hiruma et al. also proved that
dedifferentiated DFAT cells quantity were two to three
times larger than cells that did not acquire reversine.

One of the possible effects of reversine in increasing
the plasticity of DFAT cells is through the role of aurora
B kinase. Previous research has found that polyploidy is
caused by reversal-dependent interference with aurora B
kinase activity, which is involved in a variety of processes
such as mitotic chromosomal segregation, spindle check-
point function, cytokinesis, and histone H3 phosphoryla-
tion.?* Reversine treatment affects a network of genes
that control cellular assembly and organization, DNA
replication, recombination, and repair, cell-to-cell signal-
ing, tissue morphology, as well as molecular transport
and small molecular biochemistry, as demonstrated by
Sabbattini et al. during postmitotic cell differentiation of
MSCs.?* Because of that, administration of reversine at its
optimal dose might induce DFAT cells into a differentiat-
ed state and acquire characteristics such as mesenchymal
stem cells possessing pluripotency through pathways de-
pendent on chromatin remodeling, growth cycle arrest,
and cell cycle regulation.

Our result showed that the effect of reversine in in-
crease DFAT differentiation capability into cardiac de-
rived cells was dose dependent effect, meaning the re-
sult was only statistically significant for spesific doses of
reversine compared to control group without reversine
added.

For VSMC differentiation, the significant reversine dose
to increase a-SMA expression from DFAT cells in our study
was on 10 nM and 20 nM. Some studies also support the
possible mechanism of this result. Li et al. showed that in
the process of vasculogenesis of VSMCs, the role of rever-
sine initiated by Sonic Hedgehog (SHH) and WNT in the
dedifferentiation process.?*® Another study showed that
the fibroblast marker HSP47 progressively disappeared
after reversine administration, supporting the possibility
of differentiation into reversine-induced VSMCs.?’

For CM differentiation, the significant reversine dose
to increase cTnT expression from DFAT cells in our study
was only on 10 nM. No previous study has shown that
reversine is able to induce the differentiation of DFAT
cells into CM cells. However, almost similar to our find-
ing, Soltani et al. have proved that reversine increases
the plasticity of mesenchymal stem cells in triggering the
cardiomyocyte dedifferentiation process through cTnT
expression.?® There is a hypothesis that reversine’s ability
to induce differentiation is through the MEK/ER signaling
pathway. This pathway has been shown to control many
cellular processes, such as, metabolism, motility, cell pro-
liferation, survival, apoptosis, in addition to stem cell de-
differentiation.?®

For EC differentiation, the significant reversine dose
to increase CD31 expression from DFAT cells in our
study was on 10 nM and 20 nM. This result is the first
to prove that reversine is capable of inducing of DFAT
differentiation into EC cells. The mechanism is not yet
clearly understood, however there is a possible role
of angiogenic factor genes involved. Previous experi-
mental study conducted culture of vascular endothe-
lial cells and DFAT cells. The expression of HGF, FGF-2,
and Ang1 genes in DFAT cells was significantly higher
in co-cultured with vascular endothelial cells compared
to controls.™

Our result also showed that the the three cardiac de-
rived cells showed the same differentiation expression
pattern after given reversine in various doses, that is in-
creasing expression from control to dose 10 nM and to
dose 20 nM reversine (small dose), and then decreasing
at dose 40 nM reversine (large dose), with statistically
significant in cTnT and CD31 expression. This shows that
high doses of rerversine actually reduce the expression
of ¢TnT, alpha SMA, and CD31 which indicates a differ-
ent failure of the differentiation process compared to the
control group. This is in line with some previous studies.
Yu Guo et al. showed that reversine can provoke cell cycle
arrest, ROS accumulation, and mitochondrial dysfunction
in DFAT cells triggering the apoptotic process.?® It was
also stated that reversine can induce apoptosis of DFAT
cells through the mitochondrial-mediated intrinsic path-
way, which has shown similar effects in all types of mes-
enchymal cells.?® This indicates that toxic dose of reversine
induces cell cycle termination and promotes cell apopto-
sis of DFAT differentiation.
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Cil: Analyza souboru nemocnych s akutni plicni embolii hospitalizovanych v Nemocnici Tabor v letech 2016-
2018 a analyza dat z kontrolni echokardiografie provedené s odstupem ke zhodnoceni plicni hypertenze.
Metodika: Retrospektivné byl analyzovan soubor nemocnych v letech 2016-2018. Déle byla vyhledana na-
sledna echokardiograficka vysetieni provedena v echokardiografické laboratofi Nemocnice Tabor. Retro-
spektivné byla zhodnocena echokardiografickd pravdépodobnost pfitomnosti plicni hypertenze na zakladé
aktualné platnych doporuceni pro diagnostiku a Ié¢bu plicni embolie. Na zakladé echokardiografickych pa-
rametrd a dalsi dostupné dokumentace byla zhodnocena etiologie plicni hypertenze.
Vysledky: Celkem bylo identifikovédno 283 pripadu plicni embolie u 277 pacientd (145 pripadd u Zen, 138 pfi-
padd u muzd; odpovida incidenci 91/100 000). Celkem 18 hospitalizaci (6,4 %) skoncilo umrtim. Z propusté-
nych pacientu byla kontrolni echokardiografie s medianem 185 dni po pfijeti k hospitalizaci dostupna u 150
pacientl. Pfi hodnoceni pravdépodobnosti plicni hypertenze na zakladé platnych doporuceni byla plicni
hypertenze hodnocena jako ,pravdépodobna” u 23 nemocnych a jako ,mozna” u 33 nemocnych. Chronicka
tromboembolicka plicni hypertenze (CTEPH) byla prokazana u jednoho z nich, nemocny podstoupil endarte-
rektomii plicnice. U dvou dalsich nemocnych byla CTEPH pravdépodobna (echokardiograficky obraz mozné
plicni hypertenze a pozitivni ventilacné-perfuzni scan).
Zavér: Akutni plicni embolie je onemocnénim s narUstajici incidenci, ale relativné nizkou mortalitou. Per-
zistujici plicni hypertenze po akutni plicni embolii je relativné castd; prokdzana CTEPH je pomérné vzacna,
nicméné lécitelnd komplikace.
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ABSTRACT

Aim: The aim was to analyse the cohort of pulmonary embolism patients treated at Tabor hospital in the
years 2016-2018 and to assess the prevalence and aetiology of persisting pulmonary hypertension in long-
-term follow-up.

Methods: The cohort of pulmonary embolism cases was analysed retrospectively. Subsequent echocardio-
graphic examinations, performed in Tabor Hospital, were identified. Probability of pulmonary hypertension
was estimated according to the ESC guidelines. The aetiology of pulmonary hypertension was evaluated
retrospectively based on echocardiographic and clinical parameters found in available documentation.
Results: Total 283 cases of pulmonary embolism in 277 patients were identified (145 female, 138 male). Total
18 cases (6.4%) resulted in death. Among discharged patients, follow-up echocardiography was available
in 150 patients after a median of 185 days after admission. Signs of possible pulmonary hypertension were
found in 33 patients, signs of probable pulmonary hypertension in 23 patients. One patient was diagnosed
with CTEPH; later, he underwent pulmonary artery endarterectomy. The diagnosis of CTEPH was probable in
two patients (pulmonary hypertension, positive ventilation perfusion scan).

Conclusions: The incidence of pulmonary embolism is increasing, but its mortality is relatively low. Persisting
pulmonary hypertension after acute pulmonary embolism is quite frequent, CTEPH is rare but potentially
treatable complication.
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Plicni embolie v Nemocnici Tabor

Uvod

Plicni embolie je zavaznym onemocnénim nejen v akutni
fazi, ale i v dusledku své chronické komplikace — chronic-
ké tromboembolické plicni hypertenze (CTEPH). Dopo-
ruceni Evropské kardiologické spole¢nosti (ESC)! nové
upravuji postup pfi screeningu této chronické komplikace
u pacientl po prodélané plicni embolii. Cilem nasi prace
bylo retrospektivné analyzovat soubor pacientd s plicni
embolii, hospitalizovanych v Nemocnici Tabor v letech
2016-2018, a zhodnotit vyskyt a etiologii perzistujici plic-
ni hypertenze a CTEPH v dlouhodobém sledovani.

Material a metodika

Do studie byli zafazeni vsichni nemocni, ktefi byli hospi-
talizovani na Internim oddéleni 1 ¢i Internim oddéleni 2
Nemocnice Tabor s datem pfijeti od 1. 1. 2016 do 31. 12.
2018 a ktefi méli jako primarni diagnézu pfi propusténi
uvedenu akutni plicni embolii. Data byla ¢erpana z elek-
tronické dokumentace - z Nemocni¢niho informacni-
ho systému Nemocnice Tabor. Anamnestické udaje byly
prevzaty z dokumentace, pfi hodnoceni laboratornich
a echokardiografickych parametrd byla pouzita prvni do-
kumentovana hodnota pfi dané hospitalizaci. Udaje o ko-
morbiditach vychazely z osobni anamnézy nemocného.
Krevni tlak byl méren tlakoméry OMRON M3 ¢i M6. Tro-
ponin by hodnocen pomoci Roche Troponin T high sensi-
tive assay, za abnormalni byly povazovany hodnoty > 14
ng/l. D-dimer byl stanovovdn pomoci Siemens INNOVAN-
CE, za abnormalni hodnoty byly povazovdny > 0,5 mg/l
FEU. Echokardiografické vysetreni bylo provadéno na pfi-
strojich GE Vivid 7, Phillips Epiq 7C, Phillips Affiniti Gl.
Stratifikace rizika byla provedena retrospektivné po-
dle poslednich guidelines ESC pro akutni plicni embolii.
Vzhledem k tomu, Ze pfi sbéru dat nebyly systematicky
ziskdvany udaje o viech plicnich chorobach, ale pouze
o chronické obstrukéni plicni nemoci (CHOPN) (eventual-
né asthma bronchiale), nebylo vzdy mozné zpétné s na-
prostou jistotou kalkulovat skére SPESI, které ma jako je-
den ze vstupnich parametrt kardiopulmonalni chorobu.
Nemocni, ktefi s touto vyhradou méli skére 0 a neméli
Zzadnou jinou rizikovou charakteristiku, byli zafazeni do
kategorie ,pravdépodobné nizké riziko”. Rovnéz zpra-
vidla nebyl stanovovdn pomér pfi¢nych rozmérd pravé
a levé komory ve ctyfdutinové projekci; nemocni, ktefi
méli dilataci pravé komory, dle guidelines American Soci-
ety of Echocardiography (ASE) a European Association of
Cardiovascular Imaging (EACVI) 20152 byli povazovani za
pacienty se stftednim nebo vysokym rizikem (pfi zohledné-
ni dalsich klinickych parametra dle platnych doporuceni).
Z databaze Nemocni¢niho informacniho systému Ne-
mocnice Tabor byly také cerpany informace o pfipadném
daldim sledovani a umrti nemocnych. Déle byla prohle-
dana databaze echokardiografickych vySetfeni a byla
identifikovdana naslednd echokardiografickd vysetieni
u nemocnych v souboru. Pokud nemocny podstoupil vice
echokardiografickych vysetfeni po epizodé plicni embo-
lie, bylo zhodnoceno prvni z nich a dalsi byly zohlednény
pfi interpretaci etiologie a v komentafi. Hodnoceni echo-
kardiografickych znamek plicni hypertenze (gradient

trikuspidalni regurgitace a nepfimé znamky) bylo pro-
vedeno retrospektivné v souladu s platnymi doporuceni-
mi' na zdkladé udaju, které byly pfi vysetfeni k dispozici.
Vzhledem k tomu, Ze zpravidla nebyl hodnocen pomér
pri¢nych rozmérd obou komor, bylo toto kritérium pova-
Zovéano za pozitivni, pokud byla pravd komora dilatovéana
dle platnych doporuceni ASE/EACVI.

Hodnoceni etiologie plicni hypertenze primarné vycha-
zelo ze zavéru komplexniho vysetfeni v centru pro plic-
ni hypertenzi, pokud do néj byl nemocny odeslan a po-
kud byl zavér k dispozici. Pokud nebyl nemocny vysetien
v centru pro plicni hypertenzi, bylo akceptovano hodno-
ceni lékare provadéjiciho echokardiografické vysetreni ¢i
osetfujiciho lékafe. Pokud ani to nebylo k dispozici, bylo
zohlednéno dalsi vydetfeni (napf. vymizeni plicni hyper-
tenze u nékolika pacientd), ptipadné dalsi echokardio-
grafické ndlezy (systolickd a diastolickd funkce levé ko-
mory). Pokud nic z vy$e uvedeného nevedlo k objasnéni
etiologie plicni hypertenze, byla etiologie uzaviena jako
nejasna.

Statistické zpracovani

Statisticka analyza byla provedena pomoci programu R-
-project verze 3.6.1. U spojitych proménnych je udan
primér, medidn a smérodatnd odchylka; u diskrétnich
proménnych je udan pocet pfipadl a procenta. Predik-
tory pravdépodobné ¢i mozné plicni hypertenze byly
hodnoceny pomoci logistické regrese; opakovana méreni
(v pripadé vyskytu dvou epizod plicni embolie u jednoho
nemocného v dobé sledovani) vzhledem k velmi malému
poctu téchto pfipadl nebyla pfi statistickém zpracovani
zohlednovana. Hodnoty p < 0,05 byly povazovany za sta-
tisticky vyznamné.

Vysledky

Charakteristika souboru

Zakladni charakteristika souboru je uvedena v tabulce 1
a 2. Celkem bylo v daném obdobi zaznamenano 283 pfi-
padd plicni embolie u 277 pacientd (145 pfipadd u Zen,
138 pripadd u muzd). Prmérny vék pfi diagnéze byl 65
let (= 15,6), median 68 let. Pri spadové oblasti cca 102 000
obyvatel okresu Tdbor? tento pocet odpovidd ro¢ni inci-
denci zhruba 91/100 000. Celkem 174 pacientl byli neku-
raci (61 %), 46 byli aktivni kuraci (16 %), 52 byvali kufaci
(18 %).

Plicni embolii s vysokym rizikem mélo pét nemocnych
(1,8 %), se stfednim rizikem 171 nemocnych (60,4 %),
s nizkym ¢i pravdépodobné nizkym rizikem 73 (25,8 %;
v této kategorii oviem casto chybély nékteré potrebné
Udaje, takze rizikova stratifikace retrospektivné nemohla
byt provedena s naprostou jistotou); stupen rizika neby-
lo mozZné retrospektivné viibec stanovit u 34 nemocnych.
Podani trombolyzy bylo dokumentovano u deseti nemoc-
nych (3,5 %).

Sonografie Zil dolnich koncetin byla provedena v 256
pfipadech, z nich 66 % s pozitivhim nalezem.

Prezivani
Za hospitalizace zemfelo 18 nemocnych, tj. 6,4 %. Udaje
o 90dennim prezivani byly k dispozici u 235 nemocnych
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Tabulka 1 - Zakladni charakteristika

Parametr Jednotka Prdmér
Vék Rok 65,4
Hmotnost kg 87,9
Vyska cm 170,6
BMI kg/m? 30,7
Troponin ng/l 40,5
D-dimer ng/l 7,9

PG . mm Hg 38,6

SD Medién Chybi
15,6 68,2 0
21,6 85 12
12,4 172 12

6,2 28,3 13

70 17 57
9.8 53 70
13,9 36 89

BMI - index télesné hmotnosti; PG__ - maximalni tlakovy gradient; SD — smérodatna odchylka.

Tabulka 2 - Klinické priznaky

Ano N
Dusnost 220 71,74
Bolesti na hrudi 116 40,99
Kasel 53 18,73
Hemoptyza 10 3,53
Synkopa 20 7,07

Ne Ne (%) Chybi Chybi (%)
60 21,20 3 1,06
164 57,95 3 1,06
227 80,21 3 1,06
270 95,41 3 1,06
261 92,23 2 0,71

Etiologie
Prokdzana CTEPH
Suspektni CTEPH
PAH

Pravdépodobna PH

0 1

2 0

0 1
EF LK < 40 % 2 2
Hrani¢ni nélez 5 2
Normalizace, regrese 5 3
Plicni choroba 1 2
HFPEF 3 1
RHC neg. 0 1
Nezjisténo 1 9

5

CTEPH - chronické tromboembolickd plicni hypertenze; EF LK —
ejekeni frakce levé komory; HFPEF - srdecni selhéni se zachovanou
ejekeni frakci; PAH - plicni arteridini hypertenze; PH - plicni hyper-
tenze; RHC - pravostranna srde¢ni katetrizace.

(84,8 %), prezivalo 91,8 % (95% interval spolehlivosti
[CI] 88,6-95,2). Udaje o ro¢nim ptezivani (po prvni doku-
mentované hospitalizaci v dobé sledovani) byly k dispo-
zici u 188 nemocnych (67,9 %), prezivalo 88,5 % (95% ClI
84,7-92,5 %).

Plicni hypertenze

Kontrolni echokardiografie byla k dispozici u 150 nemoc-
nych (tj. 53 % propusténych). Byla provedena s odstupem
21-1 491 dni od stanoveni diagndzy akutni plicni embolie
(median 185 dni). Znamky pravdépodobné plicni hyper-
tenze byly zjistény u 23 nemocnych (15 % vySetfenych).
Hemodynamické vysetfeni s dostupnym vysledkem bylo
provedeno u tfi nemocnych. Diagnéza CTEPH byla sta-

novena u jednoho nemocného; ten nasledné podstoupil
endarterektomii plicnice. U jednoho nemocného byla sta-
novena diagnéza plicni arteridIni hypertenze a zahajena
|éCba sildenafilem. Jedna nemocnd méla pfi katetrizac-
nim vysetfeni pouze hranicni tlak v plicnici. Dva nemocni
méli tézkou plicni chorobu (CHOPN, plicni fibrézu); plicni
hypertenze svou zdvaznosti byla hodnocena jako propor-
cionalni. Dva nemocni méli vyznamnou systolickou dys-
funkci levé komory.

Nemocnych se zndmkami mozné plicni hypertenze
bylo 33, tj. 22 %. U nemocnych se znamkami pouze moz-
né plicni hypertenze byl nej¢astéji pfitomen hrani¢ni na-
lez gradientu trikuspidalni regurgitace; tito nemocni ne-
byli dale dovysetrovani.” Dva nemocni méli ndlez mozné
plicni hypertenze a pozitivni ventilatné-perfuzni scan; je
suspektni, Ze se jednalo o CTEPH. Dva nemocni méli vy-
znamnou systolickou dysfunkci levé komory, dva nemoc-
ni plicni chorobu (CHOPN, plicni fibrézu), ktera by mohla
pfipadnou plicni hypertenzi vysvétlovat. V této skupiné
u fady nemocnych chybéla data, ktera by umozriovala od-
hadnout etiologii plicni hypertenze (tabulka 3).

Prediktory vyskytu pravdépodobné ¢i mozné perzistu-
jici plicni hypertenze byly hodnoceny pomoci logistické
regrese. Jako prediktory perzistujici plicni hypertenze
byly identifikovany pritomnost desaturace pfi prijeti (OR
3,6; C1 1,167-12,48, p = 0,03), vék (OR za deset let 1,637,
Cl 1,258-2,203, p = 0,0005) a zejména echokardiografic-
ky odhadovany tlak v plicnici pfi hospitalizaci pro akutni
plicni embolii (OR za 1 mm Hg 1,056, Cl 1,026-1,091, p <
0,0005). Do multivariantni analyzy byly zatazeny vsechny
statisticky vyznamné prediktory. V multivariantni analyze
vysel jako jediny signifikantni prediktor zndmek mozné i
pravdépodobné plicni hypertenze na kontrole echokar-
diograficky odhadovany tlak v plicnici pfi hospitalizaci
pro akutni plicni embolii.



598

Plicni embolie v Nemocnici Tabor

Diskuse

Charakteristika naseho souboru nemocnych s akutni
plicni embolii se zasadné nelidi od dat publikovanych ve
svétové literature. V porovnani s recentné publikova-
nym souborem z Nemocnice Pisek* byly zakladni charak-
teristiky nemocnych i hospitaliza¢ni mortalita pacient(
s plicni embolii srovnatelné; odhadovand ro¢ni incidence
plicni embolie na Taborsku v letech 2016-2018 byla ov-
Sem vyssi neZ na Pisecku v letech 2010-2014 (okres Pisek
62/100 000/rok; okres Tabor 91/100 000/rok). Nardst in-
cidence plicni embolie je popisovan i ve svétové litera-
tufe.”® Ve srovnani s rozsahlym némeckym souborem,
zalozeném na datech pojistoven,> byla incidence plicni
embolie srovnatelna (incidence v némeckém souboru
99/100 000/rok, v nasem souboru 91/100 000/rok); nizsi
byla mortalita, nicméné pacienti v naSem souboru méli
méné komorbidit a byli mladsi.

Zhruba tfetina nemocnych, ktefi podstoupili echo-
kardiografii v dalSim sledovani, méla znamky mozné ¢i
pravdépodobné plicni hypertenze. Podobné vysledky
byly zjistény napfiklad i v recentni praci z Polska,® kde byl
vyskyt autory definované stiedné pravdépodobné plicni
hypertenze 27 %, ale CTEPH mélo jen 25 % z nich. U fady
nemocnych Ize i bez komplexniho vysetfeni v Centru pro
plicni hypertenzi soudit na jinou etiologii plicni hyperten-
ze nez CTEPH (pfitomnost vyznamné systolické ¢i diasto-
lické dysfunkce levé komory, pfitomnost zavaznéjsi plicni
choroby). U osmi nemocnych bylo dokumentovdno vymi-
zeni plicni hypertenze pfi delsi antikoagulaci; zejména se
jednalo o nemocné, u nichz byla echokardiografie prove-
dena pomérné casné (méné nez tfi mésice).

Diagnéza CTEPH byla oviem invazivné prokazana
u jednoho z nemocnych (pacient byl nasledné Iécen en-
darterektomii plicnice); u dalSich dvou nemocnych byla
diagnéza CTEPH pravdépodobnd. To odpovida kumu-
lativni incidenci 2 % ze viech echokardiograficky vyset-
fenych; vzhledem k mnozstvi chybéjicich dat a absenci
systematického vysetfovani nemocnych mize ovsem byt
incidence CTEPH v naSem souboru podstatné vyssi.

Udaje o incidenci CTEPH po plicni embolii ve svéto-
vé literatufe jsou znacné rozdilné, pravdépodobné také
v dasledku rlznych metodik, které byly pouzity. V meta-
analyze Ende Verhaar byla incidence 0,56 % ze vsech pa-
cientd s PE a 3,2% u prezivsich pacientd.” Coquoz a spol.
zjistili kumulativni dvouletou incidenci 0,78 %.2 Nedavna
prace z Polska nalezla incidenci CTEPH 5 %.° V metaana-
lyze Zhanga® byla celkova incidence 3,13 % (2,11-4,63 %);
Zhang zahrnul i ¢inské prace publikované v ¢insting;
v nich byla vyssi incidence CTEPH, nicméné rozdil nebyl
statisticky vyznamny. Yu a spol. nalezli tfiletou kumula-
tivni incidenci CTEPH u nemocnych po prvni epizodé plic-
ni embolie dokonce 13,4 %,'° Boon a spol." béhem dvou
let 3,1 %.

Nemocny, u néjz byla CTEPH prokazana, mél jiz na
vstupnim vysetfeni CT angiografii (CTA) znamky spise
chronického postiZzeni. Néktefi autofi doporucuji zamérit
se jiz pfi vstupni CTA na pfitomnost zndmek CTEPH a ne-
mocné, ktefi je vykazuji, peclivé sledovat.'>'3

Prediktorem perzistujici plicni hypertenze byl vyskyt
plicni hypertenze jiz pfi vstupnim vysetfeni pfi epizodé
akutni plicni embolie. Ke stanoveni pravdépodobnosti

rozvoje CTEPH bylo navrzeno i predikéni skére,™ které
muze byt vyuzito s velmi dobrou efektivitou k ¢asnému
stanoveni diagndzy."

Limitem prace je retrospektivni usporadani. V nasem
souboru byla indikace kontrolniho echokardiografického
vySetfeni ponechana na osetfujicim ambulantnim lékafi
(pFi vyskytu symptomu) nebo na o3etfujicim Iékafi za hos-
pitalizace (riziko vzniku CTEPH). Pfi kontrolni echokardio-
grafii byly zpravidla hodnoceny symptomy nemocného,
nebyly nicméné systematicky dokumentovany, a proto pfi
analyze souboru nemohou byt zohlednény. Aktualni gui-
delines' doporucuji provadét kontrolni echokardiografii
pouze u symptomatickych nemocnych a nemocnych se
zvySenym rizikem rozvoje CTEPH. Vysetfovani a |écba ne-
mocnych v naSem souboru probihaly v dobé pred vyda-
nim téchto doporuceni.

Zaver

Akutni plicni embolie je pfi soucasném stavu diagnostiky
a lécby chorobou s pomérné nizkou, ale nezanedbatel-
nou hospitaliza¢ni mortalitou. Prezivani nemocnych po
epizodé akutni plicni embolie je pomérné pfiznivé. Vy-
skyt perzistujici plicni hypertenze po epizodé akutni plic-
ni embolie je relativné casty, ale CTEPH tvofi pravdépo-
dobné jen mensi ¢ast téchto pripadld. Vzhledem k tomu,
Ze CTEPH je v soucasnosti dobre |écitelnd nékolika léceb-
nymi modalitami (endarterektomie plicnice, balonkova
angioplastika, farmakoterapie), je na diagnézu CTEPH
nutno u symptomatickych nemocnych po plicni embolii
pomyslet a v pripadé vyskytu zndmek pravdépodobné i
mozné plicni hypertenze, pro niz neni jasné jiné vysvét-
leni, nemocného referovat ke komplexnimu vysetreni do
jediného centra v CR, které se l1é¢bou CTEPH zabyva, tj. do
centra pfi ll. interni klinice VFN Praha.

Prohlaseni autorii o mozném stretu zajmu
Autofi prohlasuji, Ze nemaji zadny stret zajmu.

Financovani
Zadné.

Prohlaseni autort o etickych aspektech publikace
Prace byla schvalena pfislusnou autoritou (Etickou komi-
si) Nemocnice Tabor a.s.

Informovany souhlas
Nebyl vyZzadovan; $lo o retrospektivni, neinterven¢ni stu-
dii.
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Cil: Cilem této studie bylo zjistit dlouhodobé vysledky farmakomechanické trombektomie a srovnat jeji ucin-
nost a bezpecnost s antikoagulaci v kombinaci s kompresivnimi punc¢ochami u pacientd s proximalni hlubo-
kou Zilni trombdzou dolnich koncetin.
Metody: Retrospektivné byly analyzovény udaje celkem 228 pacientd, ktefi se v obdobi mezi lednem 2013
a lednem 2020 dostavili na ambulanci s akutni hlubokou Zilni trombdzou dolnich koncetin. Do skupiny
s farmakomechanickou trombektomii a naslednou antikoagulaci (skupina 1) bylo zatazeno 112 pacientd,
pricemz ve skupiné s klasickou antikoagulaci v kombinaci s pouzitim kompresivnich puncoch (skupina 2)
bylo 116 pacientd.
Vysledky: Po Sestimési¢nim sledovani nebyl ve vyskytu posttrombotického syndromu hodnoceného skérova-
cim systémem Villalta Scores zaznamenan statisticky vyznamny rozdil. Po 12, 24 a 36 mésicich sledovani viak
byla incidence posttrombotického syndromu ve skupiné 1 nizsi nez ve skupiné 2 (21,4 %; resp. 30,3 % a 36,6
% vs. 33,6 %, resp. 53,4 % a 61,2 %). Po 36 mésicich byla rekanalizace nedostatecna u 41 ze 112 pacientt
ve skupiné 1 a u 71 ze 116 pacientl ve skupiné 2, coz odpovidalo snizeni absolutniho rizika o 25,6 % (95%
C19,2-37,5 %; p = 0,001). Mezi 6. az 36. mésicem sledovani doslo k recidivé trombozy statisticky vyznamné
Castéji ve skupiné 2 nez ve skupiné 1 (18,9 % vs. 7,1 %; p = 0,002).
Zavér: Vysledky nasi studie prokazaly, ze farmakomechanicka trombektomie predstavuje bezpecny a ucinny
zpusob lécby akutni hluboké Zilni trombozy dolnich koncetin. Ve srovndani s antikoagulaci v kombinaci s po-
uzitim kompresivnich puncoch byla farmakomechanicka trombektomie v dlouhodobém sledovani spojena
s nizsi incidenci posttrombotického syndromu a nizsi recidivou Zilni trombdzy.

© 2022, CKS.

ABSTRACT

Objective: In this study, we aimed to evaluate the long-term effects of pharmaco-mechanical thrombectomy
and compare its efficiency and safety against anticoagulation together with the use of compression stock-
ings in patients with proximal deep vein thrombosis of the lower extremity.

Methods: A total of 228 patients, between January 2013 and January 2020, who presented to the clinic with
acute deep vein thrombosis of the lower extremity were investigated retrospectively. There were 112 pa-
tients in the anticoagulation following pharmacomechanical thrombectomy group (Group 1) and 116 pati-
ents in the conventional anticoagulation with compression stockings group (Group 2).

Results: There was no significant difference in the post-thrombotic syndrome occurrence assessed with
Villalta Scores at 6-month follow-up. However; at 12-, 24- and 36-month follow-up, the incidence of the
post-thrombotic syndrome was lower in the Group 1 compared to Group 2 (21.4%, 30.3%, 36.6% vs. 33.6%,
53.4%, 61.2%). Insufficient recanalization was present in 41 of 112 patients at 36 months in the Group 1,
and in 71 of 116 patients in Group 2 at 36 months; correlating to an absolute risk reduction of 25.6% (95%
C19.2-37.5; p = 0.001). The recurrent thrombosis rates in the Group 2 were significantly higher than Group
1(18.9% vs 7.1%; p = 0.002) in the 6- to 36-month follow-up.

Conclusion: The results of our study demonstrated that pharmacomechanical thrombectomy is a safe and
effective treatment modality in case of lower extremity acute deep vein thrombosis. It has been associated
with reduced post-thrombotic syndrome and recurrent venous thrombosis rates in the long-term follow-up
when compared with the anticoagulation and compression stockings.
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Introduction

Deep vein thrombosis (DVT) is an important reason of
mortality and morbidity in human life. Thromboembo-
lism is associated with life and limb threatening compli-
cations such as pulmonary embolism, plegmasia cerulea
dolens and plegmasia alba dolens.! It may also result in
a clinical scenario with heavily disturbing effects on the
patients’ quality of life, known as post-thrombotic syn-
drome (PTS)." Post-thrombotic syndrome is a condition of
chronic deep venous insufficiency, and it is characterized
with extremity pain, swelling, venous claudication and
skin ulcerations."? Post-thrombotic syndrome is seen in at
least one-third of the patients with acute DVT.? It is costly
for the health care system and associated with significant
disability for the patients.

The conventional treatment of DVT consists of anti-
coagulation therapies; including low-molecular weight
heparin, unfractionated heparin or fondaparinux bridg-
ing followed by oral vitamin K antagonists for at least
3-6 months. New generation oral anticoagulants: dabiga-
tran, rivaroxaban, apixaban, and edoxaban are becoming
more popular choice of anticoagulation with promising
safety and efficiency studies in case of acute DVT since
they do not require repeated blood analysis, and there-
fore provide easier and safer patient compliance and fol-
low up. Even though, anticoagulation is effective in terms
of prevention of pulmonary emboli (PE) and thrombus
extension, their effect on the clot lysis is minimal regard-
less of the type of anticoagulation.* As a result; antico-
agulation alone, or with compression stockings may have
limited effect on the venous obstruction, venous scarring
and PTS formation following acute DVT.>® Therefore, the
“open vein concept”, meaning early restoration of the
venous patency and venous valvular preservation, has
been endorsed in the late studies.”®

Interventional approaches to sustain an “open vein”
could potentially reduce the treatment time and de-
crease overall health care costs related to the formation
of PTS. Since PTS is associated with the proximal venous
obstructions, these interventional techniques provide the
greatest benefits for patients with acute presentation of
extensive proximal DVT, decreasing the risk of PTS forma-
tion and/or the severity of PTS if they ever occur.*' In
addition, they play an important role in cases with acute
limb threatening conditions due to venous occlusions or
severe DVT symptoms.

The pharmacomechanical thrombectomy (PMT) is a
combinatory approach which consists of mechanical break-
down of the blood clot and catheter directed thrombolysis,
aiming to restore early venous patency. Although adverse
outcomes are rare in interventional approaches against
DVT, a potential devastating outcome is intracranial bleed-
ing. The objective of the PMT combination is to enlarge
the surface area of the thrombus by mechanical clot dis-
integration, and to increase the effectivity of fibrinolytic
infusion even in low doses; thereby minimizing the risk of
bleeding while effectively reducing the risk of PTS.""-"4

In the current research we aimed to evaluate the safety
and the effectivity of PMT and compare the results with
conventional DVT treatment with anticoagulant therapy
combined with compression stockings.

Patients and methods

The cohort included 228 patients who presented to the
clinic with the symptoms of acute (<14 days) proximal
deep-vein thrombosis between January 2013 and Janu-
ary 2020. Patients were investigated retrospectively. Pa-
tients were divided into two groups as receiving antico-
agulation therapy together with pharmacomechanical
thrombectomy (PMT) (Group 1, APMT group) and anti-
coagulation therapy with compression stockings (Group
2, ACS group) on admission. As the clinical experience in
PMT increased, it became the more frequently preferred
choice of treatment in latter cases when compared with
the initial higher number of patients scheduled for con-
ventional DVT treatment.

The primary goal of the study was to assess the safety
and effectivity of the PMT by comparing the occurrence
rate and the severity of post-thrombotic syndrome (PTS)
among two groups, between 6 and 36 months of follow-
up time, as well as estimating the major bleeding inci-
dences and overall mortality. Ethical approval was not
required due to the retrospective nature of the study.

Only proximally located acute DVT cases were enrolled
in the study including: the common femoral vein, iliac
vein or inferior caval vein (with or without other involved
ipsilateral veins). Venous duplex ultrasonography (USG)
was used for the diagnosis in all patients. The exclu-
sion criteria were: being younger than 16 years or older
than 75 years, pregnancy, symptoms persisting for more
than 28 days, high bleeding risk, life-expectancy below 6
months due to active cancer, already existing post-throm-
botic syndrome, or previous ipsilateral deep-vein throm-
bosis in the last 2 years.

Both groups received initial and long-term oral an-
ticoagulation therapy which continued for at least six
months. Subcutaneous low molecular weight heparin
was administered to all patients in the ambulatory phase,
then resumed with oral warfarin; aiming the interna-
tional normalized ratio (INR) to be in the range between
2-3. In both groups above the knee, class Il (30-40 mmHg
pressure) compression stockings were prescribed and re-
newed in every 6 months. The patients who are treated
with new generation anticoagulants are not included in
the study. The anticoagulation treatment regimen was
oral warfarin together with 100 mg acetylsalicylic acid.

In the APMT group, Cleaner thrombectomy device
(Rex Medical, Fort Worth, US and Argon Medical Devic-
es, Inc, Plano, US) was utilized. PMT device consists of an
“S" shaped tip, rotating at a speed of 4,000 rpm. While
gently disintegrating the blood clot, distal ports of the
device located at the helical tip allow simultaneous tPA
(tissue plasminogen activator) infusion directly into the
fragmentated thrombus.

Pharmacomechanical thrombectomy technique

The technique of PMT was described previously.” A re-
trievable inferior vena cava (IVC) filter (option retrievable
vena cava filter; Argon Medical Devices, Plano, Texas, US)
was inserted through contralateral femoral or internal ju-
gular vein access before the procedure in all patients. All
of the procedures were performed with local anesthesia.
A percutaneous 6-F sheath was placed into the popliteal
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or posterior tibial vein under the ultrasonography. Un-
fractionated heparin (100 units/kg) was administered.
The activation of the partial thromboplastin time was
raised two- to threefold and activated clotting time rea-
ched 180-220 seconds. A 6-F Cleaner thrombectomy devi-
ce was inserted via the introducer sheath. A recombinant
form of tPA (alteplase; Actilyse; Boehringer Ingelheim,
Ingelheim am Rhein, Germany) was administered via the
port side of the device. S-shaped wire was initiated first-
ly. Thrombolysis was applied for 2-5 minutes, then the
device was turned off and withdrawn temporarily. The
macerated thrombus and lytic particles were aspirated via
the sheath. Following the step, venogram was performed
to assess the treated area and the device was applied for
repeated thrombolysis to the more proximal segments.
The rate of the procedure was adjusted according to the
patient’s weight and the thrombus. Following the remo-
val of the device, the last control venogram was perfor-
med. There was no hesitation about reintervention in
the case that the thrombus removal was less than 50%
of the thrombosed segment. CDT was considered only
for patients with residual thrombosis following PMT as
a complementary procedure. In these patients, if a resi-
dual thrombosis was revealed by the control venogram,
1 mg/h tPA was administered by a 4-F infusion catheter
(Cragg McNamara valved infusion catheter; ev3, Irvine,
California) for 24 hours. Percutaneous transluminal an-
gioplasty was performed in the presence of an advanced
stenosis or non-responding iliocaval obstructions. Self-
-expanding stents were only considered for chronic cases
and were performed in the follow-up as reinterventions.
Large (16-18 mm in diameter) stents (Boston Scientific,
Natick, Massachusetts) were applied with 1-2 cm distance
of stent joints in these cases.™

Periprocedural IVC filters are not necessarily used in
PMT; however, retrievable filters are effective in prevent-
ing pulmonary embolism by capturing the thrombus. In
our study, we did not observe severe complications asso-
ciated with IVC filter and hence, our practice evolved to
place temporary filters routinely.

After discharge from the hospital, follow-up Vvisits
were organized at the 1st, 3rd, 6th, 12th, 24th, and 36th
months. Duplex ultrasonography examination was per-
formed in each visit to evaluate the venous patency. Con-
trol venograms were performed at the 12th, 24th, and
36th months and patients were graded according to the
thrombus extraction compared with their initial venogra-
phy. Accordingly, Grade | lysis was defined as the throm-
bus resolution less than 50%, Grade Il lysis was defined as
50-99% resolution and Grade Il lysis was the complete
(100%) thrombus resolution.

Patients in both groups were followed up in terms of
thrombolysis, bleeding, occurrence of pulmonary emboli
and DVT. From the 3rd month follow-up, the PTS was as-
sessed per the Villalta scale:' including five symptoms
(pain, cramps, heaviness, pruritus, and paresthesia) and
six objective signs (edema, skin induration, hyperpigmen-
tation, venous ectasia, redness, and pain during calf com-
pression). Each symptom or sign was rated as 0 (absent), 1
(mild), 2 (moderate), or 3 (severe). The points were then
added to determine the total score. Scores of less than 5
indicated the absence of PTS, scores of 5-9 indicated mild

PTS, scores of 10-14 indicated moderate PTS, and scores
greater than 15 or ulceration indicated severe PTS."®

Statistical analysis

All the statistical analyses were performed with SPSS
23.0 (IBM, Armonk, New York, US). Data are expressed
as mean = SD for continuous variables and as counts and
percentages for categorical variables. Comparisons of cli-
nical, angiographic, and procedural characteristics were
performed with the Fisher exact test for categorical vari-
ables and Mann-Whitney U test for continuous variables.
Odds ratio (OR) and 95% confidence interval (Cl) were
calculated with univariate logistic regression. Variables
with a p value 0.2 in the univariate model or known to
be significantly associated were entered into a multivari-
ate logistic regression model. The target vessel revascula-
rization, primary and secondary patency rates during the
follow-up were presented with Kaplan-Meier event-free
survival curves. A value of p <0.05 was described statisti-
cally significant.

Results

A total of 228 patients, 112 (64 men, 48 women) in APMT
group and 116 (67 men, 49 women) in ACS group were
retrieved from the computer database systems of the hos-
pitals. Mean age was 51.12+7.43 (range: 19-75) years. The
mean duration of symptoms was 9.2+1.4 days in APMT
groups and 8.7+0.6 days in the ACS group (range: 1-28
days). The mean amount of tPA use was 22.8+10.4 mg
(range: 12-45) in the APMT group. The lesions were on the
left side in 54.5% (61/112) patients in the APMT group, and
56% (65/116) left side in the ACS group. All patients were
followed from 30 days to 36 months after the treatment.

Demographic characteristics and risk factors for venous
thrombosis did not differ between the groups. Ninety
two patients (82.1%) in the APMT group and 102 patients
(87.9%) in the ACS group had 1-7 days of symptoms,
while the rest had 8-14 days of symptoms. Phlegmasia ce-
rulea dolens was present in 6 patients (5.6%) in the APMT
group; and 3 patients (2.6%) in the ACS group (Table 1).
Iliofemoropopliteal thrombosis was noted in 62 patients
(55.3%) in the APMT group; and in 67 patients (57.5%) in
the ACS group (Table 2).

One hundred and four of the 112 patients were treated
in a single session, and eight (7.1%) patients with residual
thrombus required supplementary 24 hours catheter di-
rected lytic infusion. All the procedures were completed
with a 100% success rate and there were no complications
regarding the PMT device. Prompt clinical improvement
was observed in 107 patients (95.5%) in APMT group and
in 52 (44.8%) patients in the ACS group. Limb salvage was
attained in all nine patients from both groups, who were
initially presented with phlegmasia cerulea dolens; how-
ever, the three patients who were from ACS group had
longer hospital stay and a limited mobility. Two of the
patients with non-responding chronic occlusions (1.7%)
in the APMT group required additional stenting with self-
expanding stents (Wall stent, Boston Scientific Inc., Gal-
way, Ireland), performed in the follow-up as reinterven-
tion. No periprocedural deaths, symptomatic pulmonary
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Table 1 - Demographic characteristics and risk factors of patients

Variables PMT (n = 112) ACST (n = 116) p-value
Age (years) 58.4+25.5 57.6+26.2 0.569
Sex (male/female) 64/48 67/49 0.628
Duration of symptoms (days — mean) 9.2 8.7 0.425
DVT affected limbs 1.000
Left side 54.5% (61/112) 56% (65/116) 0.782
Right side 41.9% (47/112) 40.5% (47/116) 0.496
Bilateral 3.5% (4/112) 3.4% (4/116) 0.588
Acute DVT (1-7 days) 82.1% (92/112) 87.9% (102/116) 0.453
Acute DVT (8-14 days) 17.9% (20/112) 12.1% (14/116) 0.658
Phlegmasia cerulea dolens 5.4% (6/112) 2.6% (3/116) 0.156
Diabetes mellitus 14.2% (16/112) 12.9% (15/116) 0.589
Hypertension 8.9% (10/112) 7.8% (9/116) 0.635
Dislipidemia 9.8% (11/112) 10.3% (12/116) 0.854
Smoking 43.7% (49/112) 44.8% (52/116) 0.423
CAD 11.6% (13/112) 10.3% (12/116) 0.245
COPD 12.5% (14/112) 13.7% (16/116) 0.426
CHF 5.3% (6/112) 6% (7/116) 0.238
CRD 3.5% (4/112) 2.5% (3/116) 0.263
Symptoms 1.000
Limb swelling 96.4% (108/112) 90.5% (105/116) 0.362
Palpitation 25.8% (29/112) 26.7% (31/116) 0.586
Cramps 33.9% (38/112) 37% (43/116) 0.475
Heaviness 86.6% (97/112) 87.9% (102/116) 0.562
Leg pain 73.2% (82/112) 76.7% (89/116) 0.385
Venous ectasia 24.1% (27/112) 25.1% (29/116) 0.457
Transient risk factors for VTE 1.000
Trauma, previous 3 months 12.5% (14/112) 14.6% (17/116) 0.576
Orthopedic surgery, previous 3 months 10.7% (12/112) 12% (14/116) 0.459
Brain surgery, previous 3 months 3.5% (4/112) 4.3% (5/116) 0.586
Gynecologic surgery, previous 3 months 5.3% (5/112) 5.1% (6/116) 0.754
General surgery, previous 3 months 2.6% (3/112) 3.5% (4/116) 0.596
Short-term immobility 20.5% (23/112) 23.2% (27/116) 0.487
Infection, previous 3 months 1.7% (2/112) 2.5% (3/116) 0.569
Pregnancy, previous 3 months 4.4% (5/112) 5.1% (6/116) 0.788
Oral contraceptive use 3.5% (4/112) 4.3% (5/116) 0.985
Hormone replacement therapy 1.7% (2/112) 2.5% (3/116) 0.689
Permanent risk factors for VTE 1.000
Previous venous thrombosis 2.7% (3/112) 3.4% (4/116) 0.523
Cancer 10.7% (12/112) 12% (14/116) 0.649
Obesity 4.4% (5/112) 6% (7/116) 0.854
Behcet disease 7.1% (8/112) 8.6% (10/116) 0.682
Inflammatory bowel disease 1.7% (2/112) 1.7% (2/116) 0.546
Venous insufficiency (CEAP 0-4) diagnosed before VTE 11.6% (13/112) 12.9% (15/116) 0.422
First-degree relative venous disease 13.3%(15/112) 16.4%(19/116) 0.526
Genetic factors carrying for thrombophilia 1.000

Pokracovani na dalsi strané
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Table 1 - Demographic characteristics and risk factors of patients

Variables PMT (n = 112) ACST (n = 116) p-value
Factor V Leiden mutation

Heterozygous F5 rs6025 polymorphism 23.2% (26/112) 21.5% (25/116) 0.256
Homozygous F5 rs6025 polymorphism 2.6% (3/112) 1.7% (2/116) 0.235
Protein C deficiency 20.5% (23/112) 22.4% (26/116) 0.563
Protein S deficiency 16.9% (19/112) 18.1% (21/116) 0.526
Lupus anticoagulant 4.4% (5/112) 2.5% (3/116) 0.496
Combined thrombophilia 14.2% (16/112) 15.5% (18/116) 0.624
No specific cause 1.7% (2/112) 1.7% (2/116) 0.322

ACST - anticoagulation-stocking treatment; CAD - coronary artery disease; COPD - chronic obstructive pulmonary disease; CRD - chronic
renal disease; DVT - deep venous thrombosis; CHF — chronic heart failure; PMT - pharmacomechanical thrombectomy; VTE - venous throm-
boembolism.

Table 2 - Thrombi locations in lower extremity veins

Thrombosed veins PMT (n = 112) ACST (n = 116) p-value

IVC/CIVICFV 0.9% (1/112) 0.9% (1/116) 0.896
IVC/CIVICFV/external veins 1.8% (2/112) 1.7% (2/116) 0.659
CIVICFV 16.1% (18/112) 14.6% (17/116) 0.789
IVC/CFVICIV 1.8% (2/112) 2.6% (3/116) 0.568
CFV/SFV 19.6%( 22/112) 18.9% (22/116) 0.695
IVC/CIV/ICFV/SFV/PV 4.5% (5/112) 3.4% (4/116) 0.579
CIV/CFV/SFV/PV 55.3% (62/112) 57.7% (67/116) 0.478

ACST - anticoagulation-stocking treatment; CFV - common femoral vein; CIV - common iliac vein; IVC - inferior vena cava; PMT - pharma-

comechanical thrombectomy; PV - popliteal vein; SFV - superficial femoral vein.

Table 3 - PTS rates after treatment (short-term and long-term outcomes)

PTS rates PMT (n=112) ACST (n = 116) p-value
30 day 3.5% (4/112) 9.4% (11/116) 0.763
6 months 11.6% (13/112) 19.8% (23/116) 0.058
12 months 21.4% (24/112) 33.6% (39/116) 0.027
24 months 30.3% (34/112) 53.4% (62/116) 0.002
36 months 36.6% (41/112) 61.2% (71/116) 0.001

ACST - anticoagulation-stocking treatment; PMT - pharmacomechanical thrombectomy; PTS - post-thrombotic syndrome.
Post-thrombotic syndrome (PTS) defined as Villalta score of 5 points or higher.

embolisms or major bleeding occurred in both groups
during hospital stay.

There were no significant differences in the post-
thrombotic syndrome (PTS) occurrence assessed with Vil-
lalta Scores at 6-month follow-up. However; at 12-, 24-
and 36-month follow-up, the incidence of the PTS was
lower in the APMT group when compared with the ACS
group (21.4%, 30.3%, 36.6% vs 33.6%, 53.4%, 61.2%). In-
sufficient recanalization was present in 41 of 112 patients
at 36 months in the APMT group, and in 71 of 116 patients
in ACS group at 36 months; correlating to an absolute risk
reduction of 25.6% (95% Cl 9.2-37.5; p = 0.001) (Table 3).
There was no statistical correlation between the duration
of symptoms on admission and development of PTS mea-
sured with Villalta Scores.

The effectiveness of the treatment for both groups
was evaluated according to the following criteria: throm-
bus clearance of 100% was defined as Grade Ill, 50-99%
as Grade Il, and <50% as Grade | thrombus removal.
Complete recanalization (Grade Ill) (Fig. 1) was achieved
in 92.8% (104/112) of the APMT group, and in 44.8%
(52/116) of the ACS group. Near-complete recanaliza-
tion (Grade Il) was achieved in 5.3% (6/112) of the APMT
group, and in 14.4% (17/116) of the ACS group. Partial
Grade | recanalization was present in 1.9% (2/112) of the
PMT group, and in 22.4% (26/116) of the ACS group. Two
patients in the APMT group with Grade | recanalization
were observed to have non-responding chronic occlusion
segments and later scheduled for stent implantation. In
18.1% (21/116) of the ACS group no recanalization at all
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Fig. 1 - Deep vein thrombosis of the common femoral vein treated with pharmacomechanical thrombectomy

revealing complete resolution and recanalization.

Table 4 - Recanalization rates after treatments by duplex ultrasonography (short- and long-term outcomes)
PMT (n = 112)

Recanalization by DUS
30 day

Grade Il (complete)
Grade Il (near-complete)
Grade | (partial)

None

6 months

Grade Il (complete)
Grade Il (near-complete)
Grade | (partial)

None

12 months

Grade Il (complete)
Grade Il (near-complete)
Grade | (partial)

None

92.8% (104/112)
5.3% (6/112)
1.9% (2/112)

0

90.1% (101/112)
7.1% (8/112)
2.6% (3/112)

0

89.2% (100/112)
8% (9/112)
2.6% (3/112)

0

ACST (n = 116) p-value
44.8% (52/116) 0.023
14.4% (17/116) 0.012
22.4% (26/116) 0.001
18.1% (21/116) <0.001
40.5% (47/116) <0.001
16.3% (19/116) 0.021
25% (29/116) 0.003
18.1% (21/116) <0.001
37.9% (44/116) <0.001
18.1% (21/116) 0.032
26.6% (30/116) 0.002
18.1% (21/116) <0.001

ACST - anticoagulation-stocking treatment; DUS - doppler ultrasonography; PMT - pharmacomechanical thrombectomy.

was detected. Grade 3 recanalization rates by duplex USG
scan were significantly higher in the APMT group. (89.2%
Cl 95% 68.2-110.7; 40.5% Cl 95% 24.6-56.1; p<0.001) (Ta-
ble 4). Moreover, Grade lll recanalization rates via venog-
raphy imaging were higher in the PMT group at 24 and 36
months (84.8%; Cl 95% 58.5-110.7; 34.4 95% Cl 21.2-47.3;
82.1 CI 95% 55.3-108.4; 31.8 Cl 95% 19.7-44.5; p <0.001)
(Table 5).

The recurrent thrombosis rates in the ACS group
were significantly higher than APMT group (18.9% vs
7.1%; p = 0.002) from 6 months to 36 months of fol-
low-up period (Table 6). Major bleeding was defined
as intracranial bleeding or severe bleeding resulting in
death, surgery, cessation of therapy or blood transfu-
sion, and occurred in 1 patient (0.89%) in APMT group,
and in 2 patients (1.7%) in ACS group (p = 0.242) (Table

7) during 36 months of follow-up. The major bleeding
events in ACS group consist of an abdominal wall hema-
toma requiring massive blood transfusion and resulting
in surgery in one patient, and cerebral hemorrhage in
another one. The patient with major bleeding in APMT
group had spinal cord hemorrhage necessitating mas-
sive blood transfusion and eventually needed surgery.
Hemoglobinuria, classified as minor bleeding, was not-
ed in seven patients in APMT group and in 5 patients
in ACT group, which resolved spontaneously within 24
hours. There was no significantly difference for minor
bleeding events (p = 0.568) between the two groups
(Table 7). All-cause mortality rates, including pulmonary
embolism and systemic major bleeding, were not statis-
tically different between the two groups at the follow-
up period (Table 8) (p >0.05).
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Table 5 - Recanalization rates via venography (long-term outcomes)

12 months

Grade Il (complete)
Grade Il (near-complete)
Grade | (partial)

None

24 months

Grade Il (complete)
Grade Il (near-complete)
Grade | (partial)

None

36 months

Grade Il (complete)
Grade Il (near-complete)
Grade | (partial)

None

PMT (n = 112)

89.2% (100/112)
8% (9/112)
2.6% (3/112)

0

84.8% (95/112)
11.6% (13/112)
3.6% (4/112)

0

82.1% (92/112)
13.3% (15/112)
4.4% (5/112)

0

ACST (n = 116)

37.9% (44/116)
18.1% (21/116)
26.6% (30/116)
18.1% (21/116)

34.4% (40/116)
19.8% (23/116)
26.7% (31/116)
18.1% (21/116)

31.8% (37/116)
20.6% (24/116)
28.4% (33/116)
18.1% (21/116)

p-value

<0.001
0.032
0.002
<0.001

<0.001
0.003

<0.001
<0.001

<0.001
0.026
0.001
<0.001

ACST - anticoagulation-stocking treatment; PMT - pharmacomechanical thrombectomy.

Table 6 — Recurrence of DVT

Recurrence seen veins
30 day

IVC

CFV

SFV/PV

6 months

CFV

SFV

SFV/PV

12 months

CFV

SFV

SFV/PV

PV

24 months
ClV/external veins
CFV/SFV

SFV

SFV/PV

36 months
IVC/CIV/external veins
CFV

CFV/SFV

SFV/PV

PMT (n = 112)
0

0

0

0

0.89% (1/112)
0.89% (1/112)
0

0

2.6% (3/112)
0

0

0.89% (1/112)
0.89% (1/112)
4.4% (5/112)
0.89% (1/112)
0

0

0.89% (1/112)
7.1% (8/112)
0.89% (1/112)
0.89% (1/112)
0.89% (1/112)
0.89% (1/112)

ACST (n = 116)
1.8% (3/116)
1.7% (1/116)
1.7% (1/116)
1.7% (1/116)
5.1% (6/116)

0

0.89% (1/116)
1.7% (2/116)
11.2% (13/116)
1.7% (2/116)
2.5% (3/116)
0.86% (1/116)
0.86% (1/116)
15.5% (18/116)
0

1.7% (2/116)
1.7% (2/116)
0.86% (1/116)
18.9% (22/116)
0.86% (1/116)
0

0.86% (1/116)
1.7% (2/116)

p-value
0.228
0.256
0.368
0.569
0.024
0.569
0.128
0.246
<0.001
0.068
0.055
0.256
0.452
0.002
0.565
0.238
0.423
0.538
0.002
0.562
0.543
0.457
0.569

ACST - anticoagulation-stocking treatment; CFV - common femoral vein; CIV - common iliac vein; DVT - deep venous thrombosis; IVC -

inferior vena cava; PMT - pharmacomechanical thrombectomy; PV - popliteal vein; SFV - superficial femoral vein.
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Table 7 - Risk of occurrence of PE and major-minor bleeding

PMT ACST p-value
Major PE 0.89% (1/112)  4.4% (5/116) 0.238
30 days 0 0.86% (1/116) 0.128
6 months 0 1.7% (2/116) 0.324
12 months 0.89% (1/112)  2.6% (3/116) 0.458
24 months 0.89% (1/112)  3.5% (4/116) 0.269
36 months 0.89% (1/112)  4.4% (5/116) 0.238
Minor PE 2.6% (3/112)  55% (6/116)  0.342
30 days 0 0.86% (1/116)  0.247
6 months 0.89% (1/112)  1.7% (2/116)  0.156
12 months 0.89% (1/112)  3.5% (4/116)  0.234
24 months 1.7% (2112)  5.5% (6/116)  0.225
36 months 2.6% (3/112)  5.5% (6/116)  0.342
Major bleeding 0.89% (1/112)  1.7% (2/116) 0.242
After op-30 days 0 0.86% (1/116) 0.324
6 months 0 0.86% (1/116)  0.249
12 months 0 1.7% (2/116) 0.421
24 months 0.89% (1/112)  1.7% (2/116)  0.238
36 months 0.89% (1/112) 1.7% (2/116)  0.242
Minor bleeding 44% (5/112)  6.5% (7/116)  0.568
After op-30 days 1.7% (2112)  2.6% (3/116)  0.263
6 months 2.7% (3/112)  3.5% (4/116)  0.396
12 months 3.6% (4/112)  5.5% (6/116)  0.437
24 months 3.6% (4/112) 6.5% (7/116) 0.359
36 months 4.4% (5/112) 6.5% (7/116) 0.285

Table 8 - All-cause mortality rates

PMT (n=112) ACST (n=116) p-value
30 days
Major PE 0 0.86% (1/116)  0.269
Major bleeding 0.86% (1/116)  0.257
Other 0 0
6 months
Major PE 0.86% (1/116) 0.526
Major bleeding 0.86% (1/116) 0.257
Other 0 0
12 months
Major PE 0.89% (1/112) 0.86% (1/116) 0.574
Major bleeding 0 1.7% (2/116) 0.257
Other 0 0 0
24 months
Major PE 0 0.86% (1/116) 0.523
Major bleeding 0.89% (1/112) 1.7% (2/116) 0.896
Other 0 0 0
36 months
Major PE 0 0.86% (1/116)  0.375
Major bleeding 0 1.7% (2/116) 0.522
Other 0.89% (1/112) 0 0.968

ACST - anticoagulation-compression stocking treatment; PE - pul-
monary embolism; PMT - pharmacomechanical thrombectomy.

ACST - anticoagulation-stocking treatment; PE - pulmonary embo-
lism; PMT - pharmacomechanical thrombectomy.

At 36-month follow-up; the use of maintenance drugs
(aspirin, venotonic drugs, or warfarin) and compression
stocking use (Class Il or over) were more frequent in the
ACS group compared to APMT group (p <0.05). In addi-
tion, venous operational procedures intended to relieve
PTS symptoms (open surgery, laser or RF ablation, vein
closure systems for insufficient greater or lesser saphe-
nous veins or the perforator veins) were significantly
higher in the ACT group (p <0.001). Moreover, wound
care techniques for venous ulcers (intralesional or topi-
cal epidermal growth factor applications, stem cell injec-
tions, platelet rich plasma applications, or local wound
debridement) were required and applied more often
in the ACS group compared to APMT group (p <0.001).
Finally, loss of labor and dismissal rates due to venous
thrombotic events were higher in the ACS group than the
APMT group in the long-term (p <0.05).

Discussion

The conventional treatment of the DVT is anticoagulati-
on, prescribed for 3-6 months. The main aim of this tre-

atment is to prevent pulmonary embolism, which is the
most serious and life-threatening complication of throm-
boembolism. Oral anticoagulation also prevents throm-
boembolism progression, but it is ineffective in clot lysis;*
therefore, the treatment alone with anticoagulation is
not enough to preserve venous patency, leaving patients
with devastating symptoms of PTS.>® Post-thrombotic
syndrome is seen in 35-70% of the patients.'®"”

In the pathophysiology of the PTS; the residual throm-
bus initiates an inflammatory mechanism which results in
valvular scarring; promoting venous reflux and causing
venous hypertension.'® Moreover, the risk of PTS is higher
in the cases where proximal DVT is present, especially in-
volving iliac or common femoral veins."” Therefore, effec-
tive clot lysis is crucial to avoid this scenario in proximally
located DVTs. In our study, we only included the patients
who had DVT for the first time, involving the iliofemoral
or iliocaval segments, and compared the effects of PMT
with anticoagulation with compression therapy on venous
recanalization and development of PTS. Complete and
near complete recanalization was targeted, and Grade
Il clot lysis, examined by venography, was achieved in
89.2%, 84.8% and 81.1% the PMT group at 12, 24 and 36
months respectively; whereas these ratios only remained
at 37.9%, 34.4% and 31.8% in the ACS group.

Comparing with the new onset DVT, patients are at
higher risk of having recurrent DVT even after receiving
anticoagulation therapy.” The role of residual thrombus
in DVT recurrence is emphasized in the literature,??' as
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the clot reformation most likely originates from the rem-
nants of previous thrombi. Accordingly, in the cases where
effective thrombus clearance is sustained, decreased num-
ber of recurrent DVTs should be expected. Among our
APMT and ACS treatment groups, significant differences
in venous recanalization appeared inversely correlated
with the recurrent DVT rates at the first year follow up, as
expected. In the APMT group the recurrence DVT rate was
2.6%, and was significantly decreased compared to 11.2%
DVT recurrence rate in the ACT group at 12 months.

The success of venous recanalization is also affected by
the age of the thrombus. Recently formed thrombi result
in better technical success in terms of thrombus clear-
ance,? and early thrombus removal is advised in the acute
phase of iliofemoral DVT, when symptoms are persisting
less than 14 days.?® On the other hand, it is demonstrated
that the patients with DVT having symptoms lasting lon-
ger than 10 days had lower complete thrombolysis rates
with catheter directed thrombolysis.?* In our study, we
subcategorized the acute DVT patients into 0-7 days and
8-14 days groups in order to investigate the role of symp-
tom duration in the development of the PTS. There was
no statistical correlation between the duration of symp-
toms on admission in the acute phase, and the develop-
ment of PTS measured by Villalta Score.

Compression stockings have been conventionally pre-
scribed following acute DVT, aiming to prevent PTS and
recurrent DVT, and to increase the patients’ quality of
live. It has also been recommended by the 2012 CHEST
guidelines.?® Nevertheless, the evidence of these recom-
mendations was limited and required a more extended
investigation. In late 2014, a randomized prospective SOX
trial revealed that the use of compression stockings for
two years following DVT was unnecessary and ineffective
in terms of PTS prevention.?® To the best of our current
knowledge, compression stockings are likely to have mini-
mal importance on the routine use against PTS; however,
patients with already existing PTS and symptomatically
edematous patients with significant venous congestion
could benefit from them.®> In our study, the data collection
dates back to the beginning of 2013, when “no compres-
sion stockings” approach had not been clinically adopted
at that time, and therefore compression stockings were
routinely prescribed and continued in acute DVT patients
in combination therapy with anticoagulation.

The major setback for the early clot removal techniques
to become gold standard in treating DVTs is that recent
multi-centered randomized controlled trials were insuf-
ficient to demonstrate their efficiency in the prevention
of PTS. In ATTRACT trial, both iliofemoral and femoro-
popliteal lesions were included and the results showed
no difference between PMT and anticoagulation groups
in terms of PTS occurrence; although, subgroup analysis
demonstrated decreased number of moderate to severe
PTS in patients who initially had iliofemoral DVTs and un-
derwent PMT.?” CAVENT trial also demonstrated reduced
but statistically insignificant rates of PTS after catheter
directed thrombolysis when compared with the standard
therapy.?® However, the likelihood of bleeding events was
found to be higher following catheter directed thrombol-
ysis and anticoagulation.?® The CAVA trial, compared cath-
eter directed thrombolysis with anticoagulation alone for

proximal DVT and also did not show statistical significance
in PTS occurrence in one year.?® Post-thrombotic syndrome
rates were 29% and 35% in the intervention and stan-
dard therapy groups, respectively, but only the half of the
patients were considered to be treated successfully with
effective thrombolysis and adequate stenting.?

We included only proximally located acute illiofemoral
DVTs, followed the patients for three years and compared
the results of APMT and ACT therapies. Total recanaliza-
tion (Grade Ill), in terms of technical success, was achieved
in 92.8% of the patients, and PTS rates were significantly
lower in APMT group in 24 and 36 months. In addition,
there was no significant difference in the likelihood of
major and minor bleeding incidences, in contrast to cath-
eter directed thrombolysis therapies. Decreased dose re-
quirements of tPA for effective recanalization in pharma-
comechanical thrombectomy cases could be responsible
for lower bleeding rates, as previously mentioned in the
literature. 303

Conclusion

Methodological flaws in the trials such as incorrect pati-
ent selection criteria, unsatisfactory technical success and
inadequate stenting rates are accounted for the under-
powering results of early clot removal. Nevertheless, the
inconsistency between the published data and the large-
-scale experience belonging to the clinical communities
warrant further investigation on the open vein concept.
Our study demonstrated that PMT is a safe and effective
method of venous recanalization compared to anticoagu-
lation with compression stockings, with reduced PTS and
VTE reoccurrence rates in the long-term follow-up. Toge-
ther with the technological advances offering wide range
of PMT options, the relationship between the technical
success of early venous recanalization and their long-term
clinical outcome reported by the selected centers of ex-
cellence remains to be intriguing, and could be determi-
native for the future of iliofemoral DVT treatment.
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Uvod: Film Rasémon je mistrovské dilo reziséra Kurosawy, v némz svédkové popisuji tentyz pfipad vrazdy
z ruzného pohledu. Existuje ale rozdil v tom, co vidi a jak to vnimaji. Tento jev se nazyvé Rasémontv efekt.
Cilem této studie bylo zjistit, zda nalada Iékare v rizném pracovnim prostiedi ma vliv na rozhodovani o in-
dikacich a lécbé.
Material a metody: Nas vzorek tvorilo celkem 54 Iékaft (29 kardiologC a 25 kardiochirurgt), ktefi si prohlédli
koronarogram pacienta se zavaznym postizenim korondrni tepny dvakrat, s odstupem 30-45 dn0 v rlizném
prostredi. Pro stanoveni ndlady po indikovani invazivniho postupu bylo lékafm polozeno 6 otazek. Pro
srovnani kategorickych udajl byl pouzit chi kvadrét test. Opakovana srovnani pomérd se analyzovala pomo-
ci Bonferroniho korigovaného Z-testu. Prvni a druhé klinické indikace se porovnavaly McNemarovym testem
podle pacientova koronarogramu v rdmci skupiny. Vysledky analyzy byly prezentovany jako frekvence (pro-
cento). Statistickd vyznamnost byla stanovena na trovni p < 0,05.
Vysledky: Podle kardiologli a kardiochirurgd existuje statisticky vyznamny rozdil v odpovédich na otazky
v zavislosti na naladé v prvnim a druhém casovém bodu s vyjimkou rozdilu v odpovédich v naladé , pravé
ted' jsem v pohodé”. V druhém ¢asovém bodu, kdy 55,2 % kardiologi odpovédélo maximalné ,naprosto
pravda”, odpovédélo 64 % operatérd ,vétsSinou pravda” (p = 0,024). Byl zjistén statisticky vyznamny rozdil
(p = 0,041) mezi kardiology a chirurgy v rozvrstveni klinickych indikaci podle koronarogrami pacientl pfi
prvni konzultaci; tedy o samoté, v tichu a pfi vétSim soustfedéni. Zatimco 55,2 % kardiologi odpovédélo
Jperkutanni”, znéla odpovéd 76 % chirurgt ,operace”. Naopak neexistoval statisticky vyznamny rozdil (p
=0,136) v distribuci intervencnich vykont ve druhé situaci, tedy v preplnéném a hlu¢ném prostredi. Zatimco
51,7 % kardiologl odpovédélo ,stent”, 72 % chirurgl odpovédélo ,operace”. Nebyl nalezen zadny rozdil
mezi distribucemi indikaci 1 a 2 mezi kardiology (p = 1) nebo mezi chirurgy (p = 1).
Zavér: Naladu mohou faktory vnéjsiho prostredi ovliviiovat a nékdy mohou pusobit zmatek. Kardiolog nebo
chirurg mohou védomé nebo nevédomky preferovat konkrétni metodu lécby. To, Ze nepfijmou opacné
nebo jiné reseni, Ize vysvétlit nepsanymi, zabéhnutymi zvyklostmi na daném pracovisti, osobnimi nebo kli-
nickymi postupy i zplsobem vyuky v dobé studia. To vie mUze vést k rozdilnym rozhodnutim o 1écbé v riiz-
nou dobu u jednoho a téhoz klinického pripadu.

© 2022, CKS.

ABSTRACT

Introduction: “Rashomon” is Kurosawa's masterpiece. Witnesses describe the same murder from different
perspectives. But there is a difference between what they see and what they perceive. This is called the
“Rashomon Effect”. The aim of this study is to determine whether the mood of clinicians in different work
environments has an effect on treatment indication decisions.

Material and methods: The sample consisted of 54 clinicians, consisting of cardiologists (n = 29) and car-
diovascular surgeons (n = 25). The angiography of a patient with severe coronary artery pathology was
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watched by the clinicians twice, at intervals of 30-45 days, in environments with different characteristics.
6 questions were asked to determine the moods after an indication for invasive treatment. Chi-square test
was used to compare categorical data. Multiple comparisons of ratios were analyzed with the Bonferroni
corrected Z test. The McNemar test was used to compare the first and second clinical indications according
to the patient’s angiography within the group. Analysis results were presented as frequency (percentage).
Significance level was taken as p <0.05.

Results: According to cardiologists and surgeons, there is a statistically significant difference in the answers given
to the questions about moods at the first and second time points, except for the difference in the responses given
to the mood: “I'm calm right now.” At the second time point, where 55.2% of cardiologists answered “definitely
true” at most, 64% of surgeons answered “mostly true” (p = 0.024). There was a significant difference (p = 0.041)
between cardiologists and surgeons in the distribution of clinical indications according to the patient’s angiogra-
phic images at the first consultation; namely during the isolated, silent, and more concentrated condition. While
55.2% of the cardiologists gave the answer “percutaneous”, 76% of the surgeons gave the answer “operation”.
However, there was no significantly different (p = 0.136) distribution of interventional indications in the second
condition, namely the crowded and noisy situation. While 51.7% of the cardiologists gave the answer “stent”,
72% of the surgeons gave the answer “surgery”. There is no difference between the distributions of indication 1
and indication 2 among cardiologists (p = 1) or among surgeons (p = 1).

Conclusion: Mood can be affected by environmental factors. Environmental factors can sometimes be con-
fusing. The cardiologist or surgeon may be knowingly or unknowingly next to a treatment method. The
unwritten, standardized institutional habits, personal or clinical protocols, and the approach orientation
of the training received may explain the practice of ignoring the opposite decision. All these may result in

PTCA different treatment decisions being made at different times in the same clinical case.

Introduction

As depicted in the movie Rashomon, released in 1950 by
the famous director Akira Kurosawa, what people see and
perceive in the same event may be different. This situation,
which will later be called the “Rashomon effect” or the “Ku-
rosawa effect”," is based on the explanations of three differ-
ent witnesses in three different ways as to whether the death
of a samurai was a suicide or a murder. The fourth character
is then added to the film, observing the event and giving
the first seemingly objective account of what happened. The
script of the movie is based on the story “Rashomon”, written
in 1914 by the writer Ryunosuke Akutagawa (1892-1927).
The interpretation of the subjective point of view in the de-
cision-making process and the effect of these interpretations
on reality are skillfully demonstrated in this film.

When we look at our clinical practices, isn't that our sto-
ry too? We have all had a self-criticism of the first indication
we received after reevaluating a clinical case. Although we
are not always aware of it, the Rashomon effect can ap-
pear in our decisions in the treatment of cardiovascular
diseases.>* Can type of education, current mood, socioeco-
nomic effects, personal interests, and expectations affect
the most accurate or true indication decision?

The aim of this study is to determine whether the
mood of clinicians in different work environments has an
effect on treatment indication decisions.

Material and methods

The target population of the study was 54 clinicians, con-
sisting of cardiologists (n = 29) and cardiovascular sur-

geons (n = 25). All the clinicians work in the same hospital.
Medical specialists with five or more years of professional
experience were included in the study.

Questioning case
A patient who underwent emergency coronary angiog-
raphy with the diagnosis of acute coronary syndrome
was included in the study (Table 1). A 34-year-old male
patient underwent drug-eluting stent (DES) implantation
into the left anterior descending artery (LAD) twice; for
the first time nine years ago and for the second time four
years ago. Coronary angiography was performed urgent-
ly for the third time with the diagnosis of acute coronary
syndrome. Angiographic images can be viewed in “Im-
ages 1, 2, and 3". The patient had been using insulin for
23 years due to the type 1 diabetes mellitus. The patient
was a 19-pack-a-year smoker. There was a family history
of heart disease. Troponin | value was 3.1 ng/dl, and ejec-
tion fraction was 58% with mild anteroseptal wall mo-
tion dysfunction. Other echocardiographic findings were
normal. There were no pathological findings in chest ra-
diographs and bilateral caroticovertebral color Doppler
results. The patient initially refused any interventional
treatment or operation. Therefore, 1 week later, CABG x
2 (left internal mammary artery to left anterior descend-
ing artery, aorta-saphenous graft to posterior descending
artery) bypass was performed from the left 5th intercos-
tal area by thoracotomy. He was operated on again due
to bleeding. There was no problem in the clinical controls
after discharge.

Angiography images were shown to cardiologists and
cardiac surgeons in different environments twice, 30 to
45 days apart. At each consultation, the patient’s medical

Table 1 - Patient’s clinical data

Age (years)  Gender PCI Syntax Il CABG Syntax Il EuroSCORE EF DM COPD PAD BMI (kg/m?)

34 Male 10.5 1.4 0.62%

55% + = = 25.2
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Table 2 - State-Trait Anxiety Inventory-1

Definitely not true

I'm calm right now 1

| feel safe

I’'m nervous right now

| feel regret

| am at peace right now

I'm not having any fun right now

I'm worried about what's going to happen to me
| feel rested

I'm worried right now

| feel comfortable

I have confidence

I'm in a bad mood right now

I'm so angry

| feel my nerves are so tense

| feel relieved

I'm happy with my situation right now
I'm worried right now

| feel stunned with excitement

I'm happy right now

I'm in good spirits right now.

[EEUR (S IS SN T (PSS I I I R [T I INEUNN IR P I I I

Somewhat true

Mostly true Definitely true
2 3 4

N N N N NN NN NDNDNDNDNDDNDNDNDDNDDNDNNDN
Ww W w w w w w w w w w wwwww w w w
L=~ T T - T T~ ~ R ~ U R R~ R~ R~ e

Table 3 - Questions to cardiologists and cardiac surgeons

Definitely not true

I'm calm right now \I(IZS (())
| feel rested T\l? (())
I'm worried right now \I(lis (())
I'm nervous right now \l(leos (())
I'm not having any fun right now T\E)S (())
I'm confident right now \'(E)S (())

Somewhat true Mostly true Definitely true
Yes (..) Yes (..) Yes (..)
No (..) No (..) No (..)
Yes (..) Yes (..) Yes (..)
No (..) No (..) No (..)
Yes (..) Yes (..) Yes (..)
No (..) No (..) No (..)
Yes (..) Yes (..) Yes (..)
No (..) No (..) No (..)
Yes (..) Yes (..) Yes (..)
No (..) No (..) No (..)
Yes (..) Yes (..) Yes (..)
No (..) No (..) No (..)

data were given again and the experts were informed.
The strategy for each application was different.

1.

The first consultation was performed in the early
morning before daily activity, when the clinician
was alone in a quiet environment, preferably in
the isolated physician’s office.

Second consultation 5 days after the first was per-
formed during daily activity, when the clinician
was in a tumultuous environment, preferably in
the crowded (> 3 co-workers) catheter laboratory.

Random combinations were made for these two en-
vironments, and the clinician was randomly selected to
evaluate the images. Then, one of the similar question

groups in the State-Trait Anxiety Inventory-1 (STAI-1) test
was selected, and a 6-question survey was prepared (Ta-
bles 2 and 3).4®

According to the results of this survey, four different
situations were evaluated statistically:

1.

2.

comparison of moods by cardiologists and sur-
geons at the first and second time points;
comparison of indications by cardiologists and sur-
geons at the first and second time points;
comparison of moods at the first consultation for
clinical decision-making and indication;
comparison of moods at the second consultation
for clinical decision-making and indication.
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Table 4 - Comparison of moods at the first and second time points by cardiologists and surgeons (* Pearson chi-square test)

Mood Cardiologist (n =29) Surgeon (n = 25) Total Test sta. p*
I'm calm right now 1

Definitely not true 2 (6.9) 0 (0) 2(3.7)

Somewhat true 3(10.3) 0 (0) 3 (5.6) 4.821 0.185
Mostly true 5(17.2) 6 (24) 11 (20.4)

Definitely true 19 (65.5) 19 (76) 38 (70.4)

I'm calm right now 2

Somewhat true 5(17.2)? 3(12) 8(14.8)

Mostly true 8 (27.6) 16 (64)° 24 (44.4) 2] oz
Definitely true 16 (55.2)? 6 (24)° 22 (40.7)

| feel rested 1

Definitely not true 1(3.4) 2(8) 3 (5.6)

Somewhat true 5(17.2) 4 (16) 9(16.7) 2.926 0.403
Mostly true 9(31) 12 (48) 21(38.9)

Definitely true 14 (48.3) 7 (28) 21(38.9)

| feel rested 2

Definitely not true 4(13.8) 4 (16) 8 (14.8)

Somewhat true 7 (24.1) 10 (40) 17 (31.5) 2.044 0.563
Mostly true 12 (41.4) 8 (32) 20 (37)

Definitely true 6 (20,7) 3(12) 9(16,7)

I'm worried right now 1

Definitely not true 23 (79.3) 21 (84) 44 (81.5)

Somewhat true 3(10.3) 3(12) 6(11.1) 0.799 0.671
Mostly true 3(10.3) 1(4) 4(7.4)

I'm worried right now 2

Definitely not true 20 (69) 15 (60) 35 (64.8)

Somewhat true 6(20.7) 7 (28) 13 (24.1) 0.498 0.780
Mostly true 3(10.3) 3(12) 6(11.1)

I'm nervous right now 1

Definitely not true 20 (69) 19 (76) 39(72,2)

Somewhat true 5(17.2) 5 (20) 10 (18.5) 1.739 0.628
Mostly true 3(10.3) 1(4) 4(7.4)

Definitely true 1(3.4) 0 (0) 1(1.9)

I'm nervous right now 2

Definitely not true 16 (55.2) 14 (56) 30 (55.6)

Somewhat true 10 (34.5) 9 (36) 19 (35.2) 0.090 0.956
Mostly true 3(10.3) 2 (8) 5(9.3)

I'm not having any fun right now 1

Definitely not true 21 (72.4) 18 (72) 39 (72.2)

Somewhat true 6 (20.7) 4 (16) 10 (18.5) 2347 0.504
Mostly true 1(3.4) 3(12) 4(7.4)

Definitely true 1(3.4) 0 (0) 1(1.9)

I'm not having any fun right now 2

Definitely not true 15 (51.7) 14 (56) 29 (53.7)

Somewhat true 11(37.9) 8(32) 19 (35.2) 0.213 0.975
Mostly true 2(6.9) 2(8) 4(7.4)

Definitely true 1(3.4) 1(4) 2(3.7)

Pokracovani na dalsi strané
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Table 4 - Comparison of moods at the first and second time points by cardiologists and surgeons (* Pearson chi-square test)
Mood
I'm confident right now 1

Definitely not true 1(3.4)
Somewhat true 2(6.9)
Mostly true 5(17.2)
Definitely true 21(72.4)
I'm confident right now 2

Definitely not true 134
Somewhat true 2(6.9)
Mostly true 7(24.1)
Definitely true 19 (65.5)

Cardiologist (n =29) Surgeon (n = 25) Total

Test sta. p*

0(0) 1(1.9)

0(0) 2(3.7) 3.286 0.350
7 (28) 12 (22.2)

18 (72) 39 (72.2)

0(0) 1(1.9)

0(0) 2(3.7) 2.746 0.433
7 (28) 14 (25.9)

18 (72) 37 (68.5)

Statistical methods

Data were analyzed with IBM SPSS V23. The chi-square
test was used to compare categorical data according to
physicians and indications, and multiple comparisons
of ratios, were analyzed with the Bonferroni-corrected
Z test. The McNemar test was used to compare the first
and second clinical indications according to the patien-
t's angiography within the group. The analysis results
were presented as a frequency (percentage). The signifi-
cance level was taken as p <0.05.

was no significantly different (p = 0.136) distribution of
interventional indications in the second condition, namely
the crowded and noisy situation. While 51.7% of the car-
diologists gave the answer “stent”, 72% of the surgeons
gave the answer “surgery” (Table 5). There is no difference
between the distributions of indication 1 and indication 2
among cardiologists (p = 1) or among surgeons (p = 1).

There were no differences in the distribution of an-
swers given to the questions about moods at the first and
second time points (Tables 6 and 7).

Results

According to cardiologists and surgeons, there is no dif-
ference in the distribution of answers given to the ques-
tions about moods at the first and second time points,
except for the difference in the distribution of responses
given to the mood “I'm calm right now” at the second
time point, where 55.2% of cardiologists answered *“defi-
nitely true” at most, 64% of surgeons answered “mostly
true” (p = 0.024) (Table 4).

There was a significant difference (p = 0.041) between
cardiologists and surgeons in the distribution of clinical in-
dications according to the patient’s angiographic images
at the first consultation; namely during the isolated, silent,
and more concentrated condition. While 55.2% of the car-
diologists gave the answer “percutaneous”, 76% of the
surgeons gave the answer “operation”. However, there

Discussion

In this study, we tried to answer the question of whe-
ther the decisions of cardiac surgeons and cardiologists
regarding the indication for invasive treatment in the
same patient could vary according to the “environment
and physiological mood”. According to cardiologists and
surgeons, at the second time point, in other words, in se-
ttings such as “an operating room or catheter laboratory,
crowded and noisy environments with more than 3 em-
ployees, departure from work”, there was a difference in
the distribution of the responses given to the mood as:
“1'm calm now, right now.” While 55.2% of cardiologists
answered “definitely true”, 64% of surgeons answered
“mostly true”, which could indicate that catheter labora-
tories could be more stable than operating rooms due to
the stressful environment. However, this situation did not

Table 5 - Comparison of indications at the first and second time points by cardiologists and surgeons (* Yates correction [continuity

correction];** McNemar Test)

Cardiologist (n =29) Surgeon (n =25) Total

Indication 1
Surgery 13 (44.8)
Stent 16 (55.2)
Indication 2
Surgery 14 (48.3)
Stent 15 (51.7)

pr+ 1,000

Test sta. p*
19 (76) 32 (59.3) 4.19 0.041
6 (24) 22 (40.7)
18 (72) 32 (59.3)
7(28) 22 (40.7) 2.224 0.136
1.000
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Table 6 - Comparison of moods according to indication at the first time point

Indication 1
Mood Surgery
I'm calm right now 1
Definitely not true 2 (6.3)
Somewhat true 1(3.1)
Mostly true 6 (18.8)
Definitely true 23 (71.9)
| feel rested 1
Definitely not true 3(9.4)
Somewhat true 6 (18.8)
Mostly true 15 (46.9)
Definitely true 8 (25)
I'm worried right now 1
Definitely not true 24 (75)
Somewhat true 4(12.5)
Mostly true 4(12.5)
I'm nervous right now 1
Definitely not true 24 (75)
Somewhat true 5(15.6)
Mostly true 3(9.4)
Definitely true 0(0)
I'm not having any fun right now 1
Definitely not true 22 (68.8)
Somewhat true 7 (21.9)
Mostly true 3(9.4)
Definitely true 0(0)
I'm confident right now 1
Definitely not true 1(3.1)
Somewhat true 1(3.1)
Mostly true 11 (34.4)
Definitely true 19 (59.4)

Stent Total Test sta. o
0(0) 2 (3.7)

2(9.1) 3(5.6) 2.337 0.506
5(22.7) 11 (20.4)

15 (68.2) 38 (70.4)

0(0) 3(5.6)

3(13.6) 9(16.7) 7.451 0.059
6 (27.3) 21 (38.9)

13 (59.1) 21 (38.9)

20 (90.9) 44 (81.5)

2(9.1) 6(11.1) 3.291 0.193
0(0) 4(7.4)

15 (68.2) 39 (72.2)

5(22.7) 10 (18.5) 2.304 0512
1 (4.5) 4(7.4)

1(4.5) 1(1.9)

17 (77.3) 39 (72.2)

3(13.6) 10 (18.5) 2.474 0.480
1 (4.5) 4(7.4)

1 (4.5) 1(1.9)

0(0) 1(1.9)

1(4.5) 2(3.7) 7.774 0.051
1 (4.5) 12 (22.2)

20 (90.9) 39 (72.2)

make a difference between the two professionals in terms
of indication decisions.

Interestingly, PCI and CABG decisions in the 1st and
2nd environments did not change among cardiologists
and among surgeons. Both groups showed the same con-
sistency in their decisions. In spite of the fact that there
was no difference between both clinicians according to
their moods at the first estimation-time, which was gener-
ally made in a more comfortable situation such as in the
physician’s office, when the clinician is alone, quiet en-
vironment, early in the morning, a significant difference
emerged in the treatment indication: cardiologists decid-
ed on PCl, surgeons decided on CABG. Additionally, their
decisions still did not change in a more stressful working
environment and a narrower time frame after a time in-
terval. The tendency to avoid individual intervention may
become evident in decisions made in an extremely stress-
ful environment or under work fatigue.

The cinema director Akira Kurosawa depicts the four
people in his movie with a cynical look. No matter how
well-intentioned these four witnesses were, they got
away from the truth. The clinician has the risk of seeing
the clinical picture they “want to see” by evaluating the
patient from their own point of view while giving indica-
tions. The gradual increase in hybrid approaches in the
cardiovascular field leads to the emergence of different
interdisciplinary perspectives. This may increase the suc-
cess of treatment, but when communication problems are
added to the assumption that each discipline agrees with
each other, it can cause complications.

Differences in human observations give different mean-
ings to the same phenomenon/case.® CABG and PCl deci-
sions can be controversial, especially for patients in the
gray zone. For example, the difference between SU-AVR,
TAVI, or conventional AVR decisions in the same patient
may be caused by the insurance payment institution, the
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Table 7 - Comparison of moods according to indication at the second time point (* Pearson chi-square test)

Indication 2
Mood Surgery
I'm calm right now 2
Somewhat true 6 (18.8)
Mostly true 14 (43.8)
Definitely true 12 (37.5)
| feel rested 2
Definitely not true 4(12.5)
Somewhat true 9 (28.1)
Mostly true 14 (43.8)
Definitely true 5(15.6)
I'm worried right now 2
Definitely not true 21 (65.6)
Somewhat true 7(21.9)
Mostly true 4 (12.5)
I'm nervous right now 2
Definitely not true 19 (59.4)
Somewhat true 10 (31.3)
Mostly true 3(9.4)
I'm not having any fun right now 2
Definitely not true 16 (50)
Somewhat true 11 (34.4)
Mostly true 3(9.4)
Definitely true 2(6.3)
I'm not confident right now 2
Definitely not true 1(3.1)
Somewhat true 1(3,1)
Mostly true 8 (25)
Definitely true 22 (68.8)

Stent Total Test sta. p*
2(9.1) 8(14.3)

10 (45.5) 24 (44.4) el s
10 (45.5) 22 (40.7)

4(18.2) 8 (14.8)

8 (36.4) 17 (31.5) 1.572 0.666
6 (27.3) 20 (37)

4(18.2) 9(16.7)

14 (63.6) 35 (64.8)

6(27.3) 13 (24.1) xR ety
2(9.1) 6(11.1)

11 (50) 30 (55.6)

9 (40.9) 19 (35.2) e bt
2(9.1) 5(9.3)

13 (59.1) 29 (53.7)

8(36.4) 19 (35.2) 2.001 0.572
1(4.5) 4(7.4)

0 (0) 2(3.7)

0 (0) 1(1.9)

1(4,5) 2(3,7) 0.785 0.853
6 (27.3) 14 (25.9)

15 (68.2) 37 (68.5)

experience of the cardiologist or surgeon, prejudices to-
wards the procedures, and the habit of the hospital/clinic
to approach such patients.” In this case, the “truth” can
be deliberately or unknowingly put in the background.
Subjective comments or mandatory decisions may come
to the fore. Can we break down the prejudices with our
intuition, mood, and education?® Which indication is cor-
rect in these cases?

Whether an invasive or surgical approach or a medi-
cal treatment approach is preferred prior to the ischemia
trial, perhaps the best strategy is to involve patients in the
decision process.? The role of the Rashomon effect has
been investigated by interesting studies in the medical lit-
erature, such as: examination of ventricle function with
echocardiography,® data collection approaches in scien-
tific studies,’® dual antiplatelet therapy," medical cost,'
integrated care/teamwork in cardiovascular fields."

In the first setting, there were two major indication dif-
ferences between cardiologists and surgeons: PCl and

CABG. So, can this be prevented? How can an almost
absolute treatment indication be provided? There is a very

difficult strategic way to do this in medicine: The 10th
Man Rule.™ In short, while 9 people agree on the same
issue in a team of 10 people, the 10th man is in charge of
proving that this idea is wrong. Although this is a near-
impossible concept in crowded clinical environments, ap-
plying this concept to our own mindset may help us make
more objective decisions. This approach may be particu-
larly important in the risk assessment of a patient. Maybe
a different person should be appointed as the 10th man
at each council meeting.

How should the usual process be followed for the right
scientific, invasive, or surgical experience and appropri-
ate decision-making environment? The Rashomon effect
first increases, then stabilizes during the decision making
process, and finally the Rashomon effect’s share of the de-
cision gradually decreases. Although this situation is not
valid in the field of medicine, it has been statistically for-
mulated in detail in the field of engineering.™

Why couldnt we use a whole scale with proven reli-
ability, such as the STAI-1 momentary mood test, in this
study? We conducted a preliminary study. We asked dif-
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ferent patients, different cardiologists, and different car-
diac surgeons to answer the 20-question STAI-1 test af-
ter angiography screening. No one answered more than
five questions, even in a quiet environment. Many of the
mood questions on the STAI test were similar, which even
led to a reaction. For example, questions such as “I'm in
a bad mood right now” and “I'm so angry”. Clinicians
were negative in answering many of these related ques-
tions in the preliminary study. We created a short form
by removing some items from the scale that did not serve
the research purpose (for example, "I feel safe right now”
and "I feel regret”) and using related items only once (for
example, “I'm not in a good mood right now” and “I'm
in a good mood right now"). Answering all the questions
in the STAI scale is valuable in evaluating psychiatric dis-
eases, but if we wanted all the questions on the STAI-1
scale to be answered, we could not have done this study.®

Traditional medical education focuses on our work as
physicians who are self-sufficient and able to make deci-
sions on their own. However, medical treatment should
be tailored to the individual characteristics of each pa-
tient in today’s modern medicine approach. This can be
achieved by working as a “heart team” and making the
councils to work more functionally.

“DECISION" which is preferred among several alterna-
tives is actually a choice. The decision will affect medical
processes. Every decision we make will directly or indi-
rectly affect every matter of interest and the next deci-
sion. This will lead to the formation of a decision-making
culture. With this method, respect and reliability among
physicians and hospitals can be permanently achieved.

The environment may be a confounding factor. Coun-
cils and their decision-making habits are therefore

important. Although it is tried to be handled objec-
tively, many factors, such as treatment payment condi-
tions allowed by the financing institution, can cause the
“Rashomon effect”. The decision-making process can be
affected by the guidelines, but mostly by the habits of the
institutions and the experience of clinicians, and there are
also many factors that affect decision making according
to the clinical treatment approach. In addition, the car-
diologist or surgeon may be knowingly or unknowingly
next to a treatment method. The unwritten, standardized
institutional habits, personal or clinical protocols, and the
approach orientation of the training received may ex-
plain the practice of ignoring the opposite decision.
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Postizeni aorty predstavuji vyznamnou soucast spektra kardiovaskuldrnich onemocnéni. Mutace ACTA2 je
hlavni pficinou familiarniho vzniku aneurysmat a disekce hrudni aorty, které se projevuji dilataci nebo di-
sekci hrudni aorty jedincli bez systémové poruchy pojivové tkané nebo pfislusnych syndrom(i. Gen ACTA2
koéduje aktin, konkrétné a-aktin hladkého svalu, jenZ je izoformou aktinu v hladkych svalech cév. Uvedena
mutace vede ke vzniku fady postizeni aorty, ale soucasné i k multisystémové dysfunkci hladkého svalu.
Popisujeme pfipad pacienta s typickymi klinickymi nélezy odpovidajicimi mutaci ACTA2 a vysledek Iécby po
endovaskularnim a nasledném chirurgickém vykonu. Projevy a rozvoj klinickych symptom0 u naseho pacien-
ta presné odpovidaji popisu onemocnéni v literatufre.
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ABSTRACT

Aortic pathologies are a main part of the cardiovascular disease specter. ACTA2 mutation is the main cause
of familial thoracic aortic aneurysms and dissection, which is presented by dilation or dissection of the
thoracic aorta in people, who do not have systemic or syndromic connective tissue disorder. The ACTA2
gene encodes the specific a-smooth muscle actin, which is an isoform of vascular smooth muscle actin. This
mutation mainly leads to aortic pathologies, but it also presents a multisystemic smooth muscle dysfunction.
We present a patient with typical clinical findings, consistent with an ACTA2 mutation and the treatment
outcomes after consecutive endovascular and surgical interventions. The presentation and the evolution of

Mutation

the clinical symptoms of our patient closely follow the description of the disease in the literature.

Introduction

Cardiovascular diseases (CVD) are the leading cause of
death worldwide, responsible for over 17 million deaths
annually. Aortic pathologies are an important part of the
CVD specter, because of their high mortality and morbi-
dity rate. Approximately 20% of the aortic pathologies
result from inherited disorders, most of them being syn-
dromic connective-tissue diseases, like Marfan syndrome,
Ehlers-Danlos syndrome, and Loeys-Dietz syndrome.” On
the other hand, there is an autosomal dominant disorder,
called familial thoracic aortic aneurysms and dissection,
which is presented by dilation or dissection of the thoracic
aorta in people, who do not have systemic or syndromic
connective tissue disorder. According to the literature,
12% to 21% of the familial thoracic aortic aneurysms and
dissections are caused by mutations in ACTA2 gene.?

Review

Although the syndromic disorders and the familial tho-
racic aortic aneurysms and dissections lead to dilation
and dissection of the aorta, there are important dif-
ferences. According to Regalado et al., patients with
ACTA2 mutation suffer Type B aortic dissection less fre-
quently, than Type A aortic dissection, but at younger
age (median age - 27 years).2 While the median age of
aortic event in patients with ACTA2 mutation is 34.2
years, the youngest individual reported is a 12-year-old
female with homozygous missense mutation. There are
slightly more male patients with ACTA2 mutation and
aortic dissection is detected in 62.1% of the male pati-
ents and in only 37.9% in the female group of patients.?
Individuals with ACTA2 mutation are often diagnosed
on presentation with an aortic event, which is typica-
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[ly acute aortic dissection at significantly younger ages,
compared to patients with Marfan syndrome, often
presenting with skeletal and ocular features.? Further-
more, Regalado et al. report that type B dissections are
frequently complicated by aortic rupture and visceral
and limb ischemia. Since, ACTA2 encodes the smooth
muscle-specific isoform of a-actin, the expected patho-
logies in patients with ACTA2 mutations can involve
every tissue and organ, containing the muscle-specific
isoform of a-actin. Stating that, we can suspect mul-
tisystemic smooth muscle dysfunction, characterized
by intestinal hypoperistalsis, pulmonary hypertension,
fixed dilated pupils, cerebrovascular disease, and inc-
reased risk of earlier stroke incidence or coronary arte-
ry disease.? Actin is a multi-functional, most abundant
protein in eukaryotic cells. There are three main actin
isoforms, expressed by vertebrates. The three main iso-
forms — cardiac, skeletal, and smooth muscle, differ by
only a few amino acids.* The ACTA2 mutation conse-
quences can be explained by the molecular structure
of actin. Mutation in the amino acids — Tyr135, Arg149,
and Thr353 disturbs the integrity of the main hyd-
rophobic sequence, where regulatory proteins and
toxins bind.> The ACTA2 gene encodes the specific
a-smooth muscleactin (SMA) anditisanisoform of vascu-
lar smooth muscle actin. Motility and contraction are the
main functions of the smooth muscle cellsand these func-
tions are maintained microfilament bundles where the
o-SMA is located.® A missense mutation in the ACTA2
gene accounts for the majority of the familial TAADs.
Heterozygous mutations in ACTA2 directly disrupts the
ability of the arteries to stretch and results in signifi-
cantly higher pressure, which leads to aneurysms and
dissections.” Guo et al. analyzed aortic tissue from six
individuals with ACTA2 mutation and compared them
to control aortas. They found that in the aortas from
the individuals with ACTA2 mutations there is increased
proteoglycan accumulation, fragmentation, decreased
number of smooth muscle cells, all findings typical for
medial degeneration of the aorta. In some parts of the
mutated aortas, there were an increased numbers of
smooth muscle cells, lacking in structured orientation.®
In order to prevent the serious vascular events, resul-
ting from ACTA2 mutation, timely recognition of the
affected families is crucial, but unfortunately, the only
alerting events in these families are findings of aortic
dissection in probands.?

Case report

We describe a patient with clinical symptoms and
progression typical for ACTA-2 mutation. The patient
who actually was then (2015) a 15-year-old child pre-
sented for the first time with sudden onset of severe
back, chest, abdominal and left leg pain. The patient
was well built (BMI = 24.59), with normal skin texture
and no marfanoid features. He had a history of surgi-
cal correction of patent ductus arteriosus (PDA) at the
age of 6 months and had no family history of conne-
ctive tissue disorders. He led a normal and healthy life-
style (no tobacco and alcohol use), but he had begun

Fig. 1 - The most recent CT of the aorta, after consecutive endo-
vascular and surgical interventions: 1 - Status post reimplantation
of the aortic root and aortic valve replacement. 2 - Implanted stent-
-graft in the distal aortic arch, right after the ostium of the left
common carotid artery. 3 - Two over lapping stent-grafts implanted
in the thoracic aorta. 4 - Non covered dissection dedicated stent im-
planted in the thoracoabdominal aorta to the level of the bifurca-
tion of the aorta, patent stents in the left renal artery and superior
mesenteric artery, implanted through the cells of the aortic stent.
No residual aortic dissection or aneurysm evident.

training more intensely, including weightlifting in the
past month. Our patient was hemodynamically stable
with weak and almost missing peripheral pulsations
on the left femoral and popliteal artery. The patient
had crescendo abdominal pain with reduced peristal-
tic sounds. The echocardiography upon administration
revealed a slightly dilated ascending aorta and a mild
aortic and tricuspid regurgitation. The admission CTA
revealed a type B aortic dissection with semi-occlusive
and occlusive compression of the true lumen of the
superior mesenteric, left renal, and left iliac arteries
causing life-threatening severe malperfusion syndro-
me. The origin of the intimal tear was just distal to the
left subclavian artery (type B aortic dissection). The di-
ssection reached the aortic bifurcation and penetrated
the left common iliac artery. The right renal artery ori-
ginated from the true lumen. The young age of the
patient, the history of PDA and the complicated type
B aortic dissection, without syndromic features and fa-
mily history raised suspicion for an underlying ACTA2
mutation, which later was confirmed through a genetic
analysis. Our patient had R258C mutation, which is lo-
cated in a helix on the backside of subdomain 4. R258C
corresponds to R256 in the actin protein. This point mu-
tation is the most prevalent cause of fTAAD, yet the
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molecular mechanism by which it affects the actin func-
tion is unknown. In this critically ill patient, we per-
formed a multistage endovascular treatment including
stenting of the superior mesenteric artery, stenting of
the left renal artery, stenting of the abdominal aorta,
fenestration and balloon angioplasty of the left iliac
artery and implantation of a stent-graft in the thoracic
aorta. This case, to our knowledge, was the first succe-
ssful endovascular treatment of type B AD in a child.’
During a subsequent four-yeas follow-up, he develo-
ped an aneurysmal dilation of the thoracic aorta at the
distal edge of the TEVAR endograft and a dilation of
the ascending aorta. Complete isolation of the thoracic
aneurysmal sac was achieved by the endovascular im-
plantation of a second stent-graft (telescoped within
the first). Due to the aneurysm of the ascending aorta
and a severe aortic regurgitation, aortic root replace-
ment and aortic valve repair was undertaken on a thi-
rd stage. (Fig. 1) Interestingly enough, the patient was
diagnosed with pulmonary hypertension, another sym-
ptom, associated with the ACTA2 mutation. Six months
after the open cardiac operation, our patient suffered
a rupture of the appendix, which was treated success-
fully by timely surgical intervention. The ruptured ap-
pendix is a complication of the intestinal hypoperistal-
sis described in ACTA-2 mutation. In addition, he has
mydriasis, also described in ACTA-2 mutation positive
cases.

The presentation and the evolution of the clinical
symptoms in our young patient, closely reminds the case
described by Regalado et al.2 We believe that our case,
which shows the typical journey of a patient with ACTA2
mutation and the successful treatment combining endo-
vascular and surgical approaches will be of an interest
and will contribute to the knowledge in the field.

Conclusion

ACTA-2 mutation is a significant genetic contributor to
a variety of connective tissue disorders, the risk of which
is led by the aortic complications. Timely endovascular
and surgical treatment of these complications can save
the patient’s life, shown in our case during 6 years of
strict follow-up and serial interventions.
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Tento prehledovy ¢lanek se podrobné zabyva mechanismy autonomni regulace kardiovaskularniho systé-
mu béhem spanku, béhem jednotlivych i opakovanych apnoickych pauz, jejich ulohy v patogenezi fibrilace
sini (FS) a upozornuje na metody autonomni modulace. Dysfunkce autonomni regulace kardiovaskularniho
systému predstavuje v podminkach jednorazové nebo chronické expozice obstrukcni spankové apnoe jeden
z hlavnich faktorG umoznujicich vznik FS a jeji recidivy. Vratit do fyziologického stavu autonomni regulaci
a pfiznivé ovlivnit substrat vedouci k rozvoji a progresi arytmie mize kombinace rdznych zpUsobt ovliviio-
vani rizikovych faktort vzniku FS (jejich Uprava, lécba kontinudlnim pretlakem v dychacich cestéach, farma-
koterapie a intervencni metody).
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ABSTRACT

This review examines in detail the mechanisms of cardiovascular autonomic control in the course of sleep,
during single and multiple repetitive episodes of apnea, their role in pathogenesis of atrial fibrillation (AF),
and also highlights the methods of autonomic modulation. In conditions of a single or chronic exposure to
obstructive sleep apnea, cardiovascular autonomic dysfunction is one of the leading factors providing the
possibility of AF development and recurrence. A combined effect on AF risk factors (their modification, use
of continuous positive airway pressure therapy, drug therapy, and interventional techniques) can normalize
the autonomic control and positively affect the substrate leading to the development and progression of
arrhythmia.

Introduction

as older age, obesity and systemic arterial hypertension
(hereafter referred to as hypertension), which, acting to-

Atrial fibrillation (AF) is the most common arrhythmia
in clinical practice. AF is associated with increased car-
diovascular morbidity and mortality." At the same time,
obstructive sleep apnea (OSA) is no less widespread than
AF: it is ubiquitous both in the general population?? and
in specialized cohorts with diseases of the cardiovascular
system.?

Recent studies demonstrated that the incidence of OSA
is significantly higher among patients with AF, compared
with the general population.>>¢ This fact is explained by
the presence of such joint risk factors for OSA and AF

gether, could increase cardiovascular risk. Some recent
studies revealed that autonomic dysfunction may contrib-
ute to the development of AF in conditions of OSA.”#
Therefore, methods aimed at influencing the imbalance
of the autonomic nervous system (ANS) can be a promis-
ing therapeutic target in AF combined with OSA.” This is
especially true for patients undergoing ablation for AF in
order to maximize the clinical benefit of the procedure.®
This literature review examines in detail the physi-
ological mechanisms of cardiovascular autonomic con-
trol in the course of sleep, during single and multiple
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repetitive episodes of apnea, their role in AF patho-
genesis, and also highlights the methods of autonomic
modulation.

The role of the autonomic nervous system
in maintaining sleep

Sleep is a complicated and complex physiological process
that includes various mechanisms of biological control,
including the activity of the cardiovascular system. Nor-
mal sleep consists of two different physiological phases:
slow-wave sleep (non-rapid eye movement sleep, NREM)
and paradoxical sleep (rapid eye movement sleep, REM).
It is recognized that the ANS state changes during sleep.
In slow-wave sleep, parasympathetic activity predomina-
tes (heart rate, blood pressure, and respiratory rate are
minimal). During paradoxical sleep, mixed and combined
activity of sympathetic and parasympathetic ANS divisi-
ons is recorded, causing a significant impact on the car-
diovascular system.”'® Therefore, ANS plays a critical role
in the functional control of the cardiovascular system,
reflecting the patterns of autonomic control during dif-
ferent phases of sleep.

Methods for assessing autonomic control
in the course of sleep

The main clinical methods for assessing cardiovascular au-
tonomic control in the course of sleep are heart rate va-
riability (HRV), the level of catecholamines in blood and
urine, and microneurography.™

HRV analysis is widely used as a conventional method
for assessing ANS functions. The method is implemented
when recording an electrocardiogram for different time
periods. The obtained data are analyzed via simultane-
ous temporal and spectral analysis. The resulting spectral
characteristics and their derivatives are a reflection of the
activity of both sympathetic and parasympathetic divi-
sions of the ANS.213

Laboratory methods for investigating the sympathetic
activity include determining the levels of catecholamines
in urine and blood.™

The most reliable method for recording the activity of
the ANS sympathetic division is microneurography. Sym-
pathetic activity is invasively measured using a microelec-
trode placed in the postganglionic sympathetic efferent
fibers of the peroneal nerve."

Mechanisms of a single sleep apnea episode
in AF pathogenesis

Transient autonomic activation is observed with each in-
dividual respiratory event during sleep. Although OSA
may occur during any sleep phase, REM sleep apnea tends
to last longer due to the muscle atony inherent in this
sleep phase. An apnea episode is accompanied by hypo-
xemia and, with a pronounced duration, by hypercapnia.
The end of an apnea episode is characterized by hype-
rinflation of the lungs. Both mechanisms (impaired gas

exchange and pulmonary hyperinflation) are powerful
stimuli for increasing the sympathetic tone of the ANS.'®

On the other hand, during the apnea episode per se,
the vagus nerve is activated, which is reflected in the
emergence of severe bradycardia and various conduc-
tion disorders.” It is believed that the basis of the vagus
nerve activation is represented by a breath-holding reflex
(similar to what is occurring during diving) causing hy-
poxemia. This leads to a substantial heart rate reduction
aiming at centralization of blood flow. The sharp increase
in blood pressure during sleep apnea causes stimulation
of the vagus nerve as well, apparently, via baroreceptors.
Simultaneous activation of sympathetic and parasym-
pathetic ANS divisions leads to the development of the
accentuated antagonism. The latter sharply disrupts the
autonomic control via mutual reinforcement of action of
ANS divisions.

Difficulty breathing during sleep apnea leads to fluc-
tuations in intrathoracic pressure. The operation of this
mechanism has been demonstrated in a biological mod-
el (a pig model of obstructive sleep apnea). Linz et al.
demonstrated that fluctuations in intrathoracic pressure
can lead to a reduction in the atrial effective refractory
period and an augmented risk of AF initiation. The ar-
rhythmia induced in this way was entirely controlled by
the administration of atropine or direct vagotomy, which
indirectly confirmed the role of vagus nerve activation in
the development of paroxysmal AF in OSA."®

In another experiment, conducted on dogs by Yu et al.,
animals developed acute intermittent hypoxia at the time
of breath-holding implying that both sympathetic and
parasympathetic activity increased over the next 30-60
minutes from the onset of acute intermittent hypoxia."
Invasive recording of neural activity of peripheral ANS el-
ements in dogs (stellate ganglion and renal sympathetic
nerve) for 1 hour demonstrated that simultaneous acti-
vation of sympathetic and parasympathetic ANS divisions
contributed to the onset of AF.2°

Apnea often ends with short periods of awakening
from sleep (microarousals or electroencephalographic ac-
tivation responses), resulting in sleep fragmentation and
an increase in the production of proinflammatory plasma
cytokines. This contributes to the redistribution of ANS
balance due to excessive activation of its sympathetic
division. Studies involving HRV analysis in patients with
OSA confirmed the fact.?'-2* After respiration is restored,
there is an increase in venous return and cardiac output,
which, in conjunction with an increased total peripheral
vascular resistance, leads to a short-term sharp increase
in blood pressure. Clinical data supported the role of hy-
pertension in increasing the relative risk of developing AF
after acute obstructive respiratory events.?

Role of chronic exposure to OSA
in AF pathogenesis

It is worth noting that the prolonged presence of OSA
in anamnesis affects the central link of the ANS as well.
Studies using magnetic resonance imaging revealed that
OSA was often accompanied by a significant damage to
brain regions in charge of the central region of autono-
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mic control.?® Lee et al. found that chronic intermittent
hypoxia in rats could increase the intensity of oxidative
stress and inflammation, as well as neuronal activation
in the paraventricular nucleus of the hypothalamus - i.e.,
the area of the brain responsible for controlling the sym-
pathetic ANS link and blood pressure.?

A study by Dyavanapalli et al. established that chronic
intermittent hypoxia resulted in a significant decrease in
efferent parasympathetic impulses due to the predomi-
nance of afferent sympathetic impulses, which led to
tachyarrhythmias and hypertension.?’

In addition to autonomic remodeling, long-term expo-
sure to OSA is also associated with progressive arrhyth-
mogenic structural and electrophysiological changes. The
findings suggest that repetitive fluctuations in intratho-
racic pressure during chronic OSA lead to atrial dilatation
(predominantly, in the left atrium), which is a well-estab-
lished risk factor for AF.® The prolonged course of OSA
was also associated with an increase in circulating bio-
markers of inflammation and oxidative stress, and with
activation of the renin-angiotensin-aldosterone system,
contributing to the development of atrial fibrosis.?*="
In turn, fibrosis led to a reduction in the atrial effective
refractory period and increased dispersion of refractori-
ness. In patients with OSA, atrial conduction disorders
were observed in the form of extensive areas of delayed
impulse conduction.3?

In animals, an increase in the sensitivity of chemore-
ceptors and a reduction in the sensitivity of barorecep-
tors contributed to the weakening of the reflex control of
blood pressure,® which contributed to the development
of hypertension in chronic intermittent hypoxia.?*34

In a few studies conducted in patients with OSA, per-
sistent excessive sympathetic activity was observed, which
was associated with an increased risk of cardiovascular
disease.® Long-term predominance of sympathetic exci-
tation leads to the formation of a non-dipper daily pro-
file of blood pressure, which is also associated with an
increased risk of developing cardiovascular diseases.3®

From the foregoing, it can be concluded that OSA-
induced chronic activation of the sympathetic nervous
system, along with well-known risk factors, plays an im-
portant role in autonomic, structural, and electrical atrial
remodeling, providing a substrate for the onset and re-
currence of AF.7

Parallel development and correlations
of OSA and AF

The relationship between the presence of OSA and AF
was shown for the first time on a large statistical material
by Gami et al. in the publication based on a retrospecti-
ve analysis of data from a sleep study of 3,542 patients
without arrhythmia in anamnesis over a 15-year period.
A decrease in the saturation level at night was a strong
predictor of developing the first paroxysm of AF during
the observation period (odds ratio, OR: 3.29; 95% confi-
dence interval [CI]: 1.35-8.04). An important fact discove-
red in that study was the impact of obesity and OSA on
the incidence of AF. It was recorded more often in pati-
ents under 65 years old. The authors suggested that other

risk factors (heart failure and ischemic heart disease) may
play a major role in the development of AF in the elderly
population.’”

The role of OSA as an important risk factor for the de-
velopment of AF was also confirmed by the results of the
Sleep Heart Health Study that involved over 6,000 partici-
pants. The researchers established that in the presence of
severe OSA, the risk of developing AF was fourfold (OR:
4.02; 95% Cl: 1.03-15.74).3® The incidence of OSA was sig-
nificantly higher in patients with AF (49% vs. 32%, re-
spectively, p = 0.004).>° ANS disorders, often recorded in
patients with OSA, may influence the AF development.
Hence, it is ANS that can become a promising therapeutic
target in the treatment of OSA combined with AF.”

Methods of autonomic modulation in treating
the AF combined with OSA

Main currently known methods of autonomic modulation
include the prevention of AF risk factors, continuous po-
sitive airway pressure (CPAP) therapy, drug therapy, and
interventional techniques for influencing the ANS.

Modification of risk factors

Management of modifiable risk factors for the develop-
ment of AF (hypertension, coronary heart disease, sym-
ptomatic heart failure of functional classes II-IV sensu
New York Heart Association, impaired thyroid function
and carbohydrate metabolism, overweight status and
obesity, OSA), along with the expansion of the motor
activity level, substantially improve the results of surgi-
cal treatment of AF and contribute to long-term rhythm
control.*® Several studies showed that the combination of
weight loss, antihypertensive treatment and CPAP thera-
py led to a significant reduction in sympathetic activity.
Hence, it is the complex management of risk factors that
is a powerful strategy for influencing the ANS, leading to
a slower progression, or even reverse structural remode-
ling, of the heart.*!

CPAP therapy

The gold standard for treating moderate and severe
forms of OSA is CPAP therapy.* The positive pressure ge-
nerated in the upper airways prevents those from collap-
sing, thereby maintaining their patency throughout the
entire sleep period. By eliminating the obstruction of the
upper respiratory tract, the main link in the pathogenesis
of OSA, CPAP therapy has a direct impact on the autono-
mic and structural heart remodeling. Shah et al. studied
720 patients with AF and discovered that OSA was inde-
pendently associated with left ventricular remodeling,
whereas CPAP therapy prevented its progression.*’ In
another study, after 12 weeks of CPAP therapy, patients
with severe OSA exhibited a significant improvement in
echocardiographic volume and left ventricular myocardial
deformation, as evaluated by speckle tracking echocar-
diography.® In a study by Hall et al., patients with heart
failure and OSA exhibited enlarged accumulation of hyd-
roxyephedrine in the myocardium via positron emission
tomography after 6-8 weeks of CPAP therapy, which was



M. V. Agaltsov, N. T. Obukhova, A. R. Kiselev, O. M. Drapkina

625

indicative of a decrease in activation of the sympathetic
ANS division.*

Considering the positive effect on the autonomic and
structural remodeling of the heart, patients on CPAP
therapy exhibited better long-term results with both con-
servative and surgical methods of treating AF. Monahan
et al. reviewed data on patients with AF who underwent
a sleep study against the background of medical therapy.
Patients with poor response to antiarrhythmic medicines
were more likely to have severe OSA (52% vs. 23%, p
<0.05).* There is also evidence that in patients with a com-
bination of OSA and AF, and not receiving CPAP therapy,
the frequency of arrhythmia recurrence was significantly
higher after cardioversion or catheter therapies.** In
particular, the study by Kanagala et al. demonstrated that
the recurrence rate of AF a year after cardioversion was
82% in patients with untreated OSA, compared with 42%
in the CPAP group.® Fein et al. showed that AF recurrence
rate after arrhythmia surgery was significantly higher in
patients not subjected to CPAP (OR 2.4, p <0.02), whereas
CPAP therapy contributed to a significantly greater ab-
sence of arrhythmia recurrences (71.9% vs. 7%, p = 0.01)
in the immediate postoperative period.*” Based on the
data of the above studies, the latest recommendations
for the management and treatment of patients with AF,
for the first time, proposed screening AF patients for the
presence of OSA and, if indicated, initiating OSA therapy
prior to surgical interventions.’

Drug therapy

The use of beta-blockers in patients with OSA is still a sub-
ject of dispute. It is known that bradyarrhythmia, often
recorded in patients with severe forms of OSA, can be
aggravated by taking beta-blockers. However, in recent
years, evidence has emerged of their positive effect on
the sympathetic ANS link in conditions of OSA. According
to the data obtained by Wolf et al., cardioselective beta-
-blockers reduce the heart rate after the end of an apnea
episode, but do not significantly reduce it at the peak of
apnea.” Besides, there is evidence that moxonidine redu-
ces the number of postablation AF recurrences in patients
with hypertension®.

Medicines inhibiting acid-sensitive potassium chan-
nels (TASK) are currently undergoing clinical trials. These
channels are also found in the neurons of the respiratory
center of the brainstem, carotid bodies, motoneurons of
the hypoglossal nerve, cardiomyocytes, vascular smooth
muscle cells, and are involved in the regulation of heart
rate and respiratory movements.

In experimental animal models, nasal administration of
TASK inhibitors caused depolarization of mechanorecep-
tors in the upper airways, resulting in increased muscle
tone and prevention of upper airway collapse.>">?

The only recognized direct TASK blockers are arachi-
donamides, anandamide (an endogenous cannabinoid
receptor ligand) and its methanandamide homologue,*
and doxapram.®

Interventional procedures

Several intervention strategies have been proposed to
prevent paroxysms in patients with AF and OSA. These
include renal denervation, ablation of nerve plexuses at

the pulmonary vein ostia, stellate ganglion ablation, va-
gus nerve stimulation, and baroreceptor stimulation. As
was shown, all proposed approaches are based on a re-
duction in the activity of the sympathetic nervous system,
which can probably have an antiarrhythmogenic effect
due to a decrease in autonomic, structural, and electrical
remodeling associated with OSA.

Renal denervation

In their earlier publications, Linz et al. clarified that pigs,
subjected to OSA, experienced an increase in blood pre-
ssure and a prolongation of spontaneous AF episodes.
Renal denervation prevented an increase in blood pre-
ssure, led to a decrease in plasma renin and aldostero-
ne levels, and a reduction in the frequency and duration
of AF episodes®. Even though renal denervation did not
met expectations for blood pressure control in conditions
of resistant hypertension, recent experimental evidence
confirmed that renal denervation was effective in supp-
ressing AF associated with apnea and reduction of the
atrial effective refractory period. Also, renal denervation
was able to suppress elevation of blood pressure after
apnea.”®>” Currently, renal denervation has the highest
evidence base as an interventional technique in patients
with AF and OSA.

Ablation of nerve plexuses at the openings

of pulmonary artery

In a randomized controlled trial, the addition of nerve
plexus ablation during pulmonary vein ostia ablation yiel-
ded better outcomes than either procedure alone in pati-
ents with paroxysmal AF.58>°

Sympathetic denervation: stellate ganglion ablation

In a recent study by Tavares et al., OSA increased vagal
activation and caused tonic excitation of stellate ganglia,
which correlated with a shortened effective refractory
period and higher AF inducibility.®® In patients with pa-
roxysmal AF, unilateral ablation of the stellate ganglion
reduced an incidence and duration of AF.%'

Vagal stimulation

Other studies showed that transcutaneous low-level elect-
rical stimulation of the vagus nerve auricular branch in the
tragus area, without reducing heart rate and atrioventri-
cular conduction velocity, also suppressed the reduction of
atrial refractoriness, autonomic and structural remodeling,
and expression of proinflammatory cytokines, which pre-
vented the development of AF caused by OSA.°

Stimulation of baroreceptors

In their pig models, Linz et al. demonstrated that low-le-
vel stimulation of carotid sinus baroreceptors under con-
ditions of simulated OSA led to the reduction of the atrial
effective refractory period and decreased AF inducibility,
whereas high-level stimulation resulted in reverse effects.®

Conclusion

In conditions of a single or chronic exposure to OSA, car-
diovascular autonomic dysfunction is one of the leading
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factors providing the possibility of AF development and re-
currence. A combined effect on AF risk factors (their modi-
fication, use of CPAP therapy, additional pharmacological
and/or interventional procedures) can normalize the auto-
nomic control and positively affect the substrate leading to
the development and progression of arrhythmia.
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Hlavnim, ke dnes$nimu dni dokdzanym mechanismem uvolfiovani srde¢nich troponint (cTnT a cTnl) je ische-
mickd nekréza bunék myokardu, kterd vede k uvolnéni viech intraceluldrnich molekul, véetné cTnT a cTnl,
do krevniho obéhu pii akutnim infarktu myokardu (AIM). V redIné klinické praxi se vsak Iékati ¢asto setkavaji
s mnoha dalsimi (kromé AIM) patologickymi stavy, pfi kterych jsou koncentrace cTnT a cTnl v krevnim fecisti
zvysené, ale znamky ischemie myokardu nejsou pozorovany. To jasné ukazuje na existenci dalSich (neische-
mickych) mechanismd poskozeni kardiomyocytd a uvoliiovéni ¢TnT a cTnl do krevniho Fecisté. Pochopeni
viech mechanismu uvolfiovani srde¢nich troponind umozni zlepsit diagnostiku a diferencialni diagnostiku
AIM, rozsitit zabér cTnT a cTnl (pro diagnostiku a stratifikaci rizika u dalSich onemocnéni, ktera maji nega-
tivni vliv na buriky myokardu). V tomto prehledu jsou systematizované aktualni informace o mechanismech
uvoliiovani srdecnich troponint, podrobné diskutovany diagnostické role jednotlivych mechanismU uvoliio-
vani cTnT a cTnl.

© 2022, CKS.

ABSTRACT

The main mechanism of cardiac troponin release (cTnT and cTnl) proven to date is ischemic necrosis of
myocardial cells, which leads to the release of all intracellular molecules, including cTnT and cTnl into the
bloodstream in acute myocardial infarction (AMI). However, in real clinical practice, doctors very often en-
counter many other (besides AMI) pathological conditions in which ¢cTnT and cTnl concentrations in the
bloodstream are elevated, but signs of myocardial ischemia are not observed. This clearly indicates the exi-
stence of other (non-ischemic) mechanisms of cardiomyocyte damage and the release of cTnT and cTnl into
the bloodstream. Understanding all the mechanisms of cardiac troponin release will improve the diagnosis
and differential diagnosis of AMI, expand the scope of cTnT and cTnl (for the diagnosis and stratification of
risk in other diseases that have a negative impact on myocardial cells). This review systematizes up-to-date
information on the mechanisms of cardiac troponin release, discusses in detail the diagnostic role of indivi-
dual mechanisms of ¢TnT and cTnl release.

Uvod

rychlych kosternich vldken a troponin T pomalych koster-
nich vldken. Podle molekularné-genetickych studii se ami-

Molekuly troponind maji rdznou strukturu aminokyselin
v zavislosti na lokalizaci v srde¢nim a kosternim svalstvu,
na zakladé ¢ehoz jsou izolovany izoformy troponint. Tro-
ponin | ma tedy tfi izoformy: srdecni troponin | (cTnl),
troponin | rychlych kosternich vldken a troponin | poma-
lych kosternich vldken. Troponin T také existuje ve trech
hlavnich izoformach: srde¢ni troponin T (cTnT), troponin T

nokyselinova sekvence srde¢niho troponinu T a srdec¢niho
troponinu | |isi pfiblizné o 40-60 % od aminokyselinovych
sekvenci odpovidajicich izoforem kosternich troponind,
lokalizovanych v kosternich vldknech."? Tato dulezita
strukturdlni vlastnost umozniuje pouzit srde¢ni troponiny
T a | jako specifické biomarkery poskozeni myokardu pfi
akutnim infarktu myokardu (AIM) a dalSich nekardialnich
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patologickych stavech.** Srdecni troponin C je na rozdil
od troponind | a T svou strukturou aminokyselin zcela
identicky se svalovym (kosternim) troponinem C a zvyse-
nd koncentrace tohoto proteinu v krvi neumoznuje spo-
lehlivé rozlisit mezi poskozenim tkané srdecniho svalu
a kosterniho svalstva, srde¢ni troponin C proto nelze pou-
Zit jako kardiomarker pro diagnostiku AIM.

Pfestoze regula¢ni dokumenty pro diagnostiku a léc-
bu raznych forem akutniho koronarniho syndromu a AIM
obsahuji jasna doporuceni ohledné nacasovani troponi-
novych testd a Urovni rozhodovani a diagnosticka senziti-
vita a diagnostickd specifi¢nost vétSiny imunotestl se blizi
100 %, stdle existuje fada nevyresenych problému a ota-
zek, které se tykaji vyuziti téchto markeru v klinické praxi.
Cast téchto probléma je spojena s rtznorodosti troponi-
novych diagnostik, jejich nestejnou diagnostickou senziti-
vitou a presnosti, rozdilnou citlivosti na zkfizené reagujici
latky, tzn. s rdznymi analytickymi charakteristikami testo-
vacich systému.>> Dalsi fada otazek je zpUsobena tim, Ze
pfi nekréze myokardu jakékoli etiologie a nékdy pfi ab-
senci nevratného poskozeni myokardu (napfriklad s rever-
zibilnim poskozenim pfi fyzické zatézi, pfi selhani ledvin
nebo pfi vlivu falesnych pozitivnich faktoru) jsou zvyseny
koncentrace srdecnich troponina v krvi.>® Podle ,ctvrté
univerzalni definice infarktu myokardu (2018)” zvy3eni
hodnot ¢TnT a cTnl svéd¢i o ,, poskozeni myokardu”. Nic-
méné, bez klinickych znamek ischemie svalové membrany
srdce nejsou zvysené hodnoty srdecnich troponint kritéri-
em pro diagnostikovani AIM.” Kromé nekrézy kardiomyo-
cytl tedy existuji i dalsi mechanismy poskozeni myokardu
a uvolfiovani srdecnich troponinlt z bunék myokardu a/
nebo zvyseni koncentrace srde¢nich troponind v krevnim
séru. Rada klinickych studii ukazuje na velmi ¢asté zvy-
seni koncentrace srdecnich troponina v krvi pfi rznych
fyziologickych (naptiklad fyzicka zatéz, stresové situ-
ace apod.) a patologickych (sepse, selhdni ledvin, plicni
embolie, uzivani kardiotoxickych 1ék( na chemoterapii
atd.) stavech.>® Pfitom mechanismus zvySovani obsahu
troponin v krvi u téchto onemocnéni neni nijak spojen
s ischemickou nekrézou, ktera je hlavni pfi¢cinou zvyseni
hodnoty troponinl u AIM. G. Lindner a spol. pfezkoumali
retrospektivni studii, ve které jasné prokdzali nizkou spe-
cificitu srdecnich troponinl pro diagnostiku AIM.® Autofi
provedli ddkladnou analyzu pfi¢in (onemocnéni), které
zpUsobuji zvyseni koncentrace ¢TnT u pacientd pfijatych
na urgentni prijem. Celkem bylo do studie zafazeno 1 573
pacientu, z nichZ pouze 10 % pacientt mélo zvysené hod-
noty cTnT, spojené s AlIM, zatimco vsichni ostatni pacienti
(asi 90 %) neméli zadné zndmky AIM a zvysené hodnoty
cTnT byly vyvolany jinymi onemocnénimi, jez zpusobuji
zvyseni koncentraci cTnT v séru neischemickymi mecha-
nismy.® Pokud by se tedy lékafi pfi diagnostice AIM spolé-
hali pouze na pozitivni troponinovy test, u vétsiny téchto
pacientt by byla diagndza stanovena nespravné.

NejcastéjSimi pficinami zvysené hodnoty cTnT byly
nasledujici nemoci: plicni embolie, selhdni ledvin, akut-
ni disekce aorty, srde¢ni selhdni, akutni myokarditida,
rhabdomyolyza, kardiotoxickd chemoterapie, zhorseni
chronické obstruk¢ni plicni nemoci (CHOPN), sepse a infil-
trativni srde¢ni patologie (napf. amyloidéza). Zajimavym
zjisténim pfi provadéni této studie bylo, Ze ve 30 % pfipa-
dd nebylo mozné zvysené koncentrace cTnT nijak vysvét-

lit, protoze nebyly spojeny se Zadnou z dfive v literature
popsanych pficin zvysenych srdecnich troponin(.° Existuje
vysoka pravdépodobnost toho, Ze by tyto pri¢ciny mohly
byt spojeny s faleSné pozitivnimi vysledky a/nebo dosud
neobjevenymi mechanismy a faktory, kterym vyzkumni-
ci a praktici dosud nevénovali pozornost a nepopsali je
v literatufe. Interpretace zvy3enych vysledkd srdec¢nich
troponint je tedy v moderni klinické praxi extrémné ob-
tiznym a nékdy az nadlidskym ukolem. Proto je dulezité
mit na paméti, Ze samotny troponinovy test neni ,zlatym
standardem” pro diagndzu akutniho infarktu myokardu,
ale muze se takovym stat pouze u téch pacientd, kteri
maji typické klinické priznaky ischemie myokardu a odpo-
vidajici ischemické zmény na elektrokardiogramu, echo-
kardiogramu atd.

Diky rozvoji modernich vysoce citlivych diagnostickych
testh (hs-cTnT a hs-cTnl) maji prakticti lékafi moznost
provadét vcasnou diagnostiku AIM (v prvnich dvou hodi-
nach od pfijeti pacientl) formou posouzeni charakteris-
tické dynamiky zmény obsahu srdecnich troponint v krvi.
Zmény (zvyseni) koncentrace molekul srdec¢nich tropo-
nind v prvnich dvou hodinach rozvoje onemocnéni jsou
extrémné malé (mUze byt jen nékolik ng/l) a nejsou de-
tekovany stredné citlivymi testovacimi systémy. Je tfeba
zminit, Ze diky fadé velkych multicentrickych studii byly
validovany algoritmy vcasné diagnostiky (0 — 1 hodina
a 0 — 2 hodiny) AIM bez elevaci useku ST (NSTEMI) s po-
uzitim ultrasenzitivnich testovacich systémd od rdaznych
vyrobcU. (tabulka 1).%°

S vyuzitim modernich (ultracitlivych) metod studia
troponina byly molekuly srdecnich troponinl detekova-
ny v krvi a v fadé dalsich biologickych tekutin (mog, sliny
atd.) témér u vsech zdravych lidi,""® coz stavi pred vy-
zkumniky nové otazky a ukoly pfi hledani a objasriovani
moznych mechanismu, které jsou zakladem uvolriovani
molekul troponinu z Zivotaschopnych kardiomyocytd.
Zaroven lze tedy detekci molekul srde¢niho troponinu
v biologickych tekutindch do urcité miry (pokud jejich
koncentrace nepresahuje horni sloupec 99. percentil) po-
vazovat za normalni metabolické produkty tkané srdecni-
ho svalu. Nicméné konkrétni mechanismy jejich uvolriové-
ni zatim nejsou jasné a maji pouze hypoteticky charakter.
Kromé toho budou mit pro vyzkumniky a praktiky velkou
dulezitost faktory, které mohou uvolfiovani troponinu
posilit nebo naopak oslabit. V soucasnosti jsou nejdisku-
tovanéjsimi biologickymi faktory, které maji vliv na miru
uvolfiovani troponint z myokardu zdravych lidi, gende-
rova, vékova a cirkadianni specifika.'*'®* Genderova spe-
cifika srdec¢nich troponinl spocivaji v tom, Ze z myokardu
zdravych muzi se uvolriuje vice molekul srde¢nich tropo-
ninl nez z myokardu zdravych Zen." Tato specifika byla
validovana mnoha klinickymi studiemi a pfi pouziti té-
mér vsech modernich testovacich systému se doporucuje
zaméfit se na prahové hodnoty (99. percentil) v souladu
s genderovou identitou. Specifika srde¢nich troponind,
jez souviseji s vékem, spocivaji v tom, ze se z myokardu
starSich pacientd uvolniuje vyrazné vétsi pocet molekul
srdecnich troponina nez z myokardu mladych lidi."s"” Cir-
kadianni specifika srde¢nich troponinu spocivaji v tom, Ze
se z myokardu zdravych lidi rano uvolnuje vice molekul
srde¢nich troponinl nez z myokardu zdravych lidi ve ve-
¢ernim a no¢nim case.'®"®



630 Moderni pfedstavy o mechanismech uvolriovani srde¢nich troponint

Tabulka 1 - V¢asné diagnostické algoritmy pro vylouceni/potvrzeni NSTEMI (0 — 1 hodina a 0 — 2 hodiny) schvalené

Evropskou kardiologickou spolecnosti

Jednohodinovy diagnosticky algoritmus NSTEMI

Troponinovy Koncentrace Koncentrace

imunotest, biomarkeru, biomarkeru, ktera

spolecnost kterd indikuje indikuje nizkou

(vyrobce) extrémné nizkou pravdépodobnost
pravdépodobnost diagnozy NSTEMI
diagnozy NSTEMI (ng/l)
(ng/l)

hs-cTnT <5 <12

(Elecsys; Roche)

hs-cTnl <4 <5

(Architect; Abbott)

hs-cTnl <3 <6

(Centaur; Siemens)

hs-cTnl (Access; <4 <5

Beckman Coulter)
Dvouhodinovy diagnosticky algoritmus NSTEMI
Koncentrace

Troponinovy Koncentrace

imunotest, biomarkeru, biomarkeru, ktera

spolecnost ktera indikuje indikuje nizkou

(vyrobce) extrémné nizkou pravdépodobnost
pravdépodobnost diagn6zy NSTEMI
diagnézy NSTEMI (ng/l)
(ng/1)

hs-cTnT <5 <14

(Elecsys; Roche)

hs-cTnl <4 <6

(Architect; Abbott)

hs-cTnl <3 <8

(Centaur; Siemens)

hs-cTnl (Access; <4 <5

Beckman Coulter)

Zmény koncentrace
biomarker( po

1 hodiné, pfi
kterych by méla byt
vyloucena diagnéza
NSTEMI (ng/l)

<3
<2
<3
<4
Zmény koncentrace

biomarkert po
2 hodinach, pfi

Koncentrace
biomarkeru, ktera
indikuje vysokou
pravdépodobnost
diagn6zy NSTEMI
(ng/1)

Koncentrace
biomarkeru, ktera
indikuje vysokou

Zmény biomarkeru
po 1 hodiné,

kdy by mél byt
potvrzen NSTEMI
(ng/1)

Zmény biomarkeru
po 2 hodinéach,
kdy by mél byt

kterych by méla byt  pravdépodobnost potvrzen NSTEMI
vyloucena diagnéza  diagnézy NSTEMI (ng/l)

NSTEMI (ng/l) (ng/l)

<4 >52 >10

<2 > 64 >15

<7 >120 >20

<5 250 =20

Uvolnovani srdecnich troponint
z bunék myokardu: mechanismy
a diagnosticky vyznam

Kromé nekrézy kardiomyocytd jsou mozné nasledujici
mechanismy uvolfiovani ¢cTnT a ¢Tnl: a) uvolfiovani srdec-
nich troponint jako vysledek procesu regenerace a obno-
vy bunék myokardu, b) uvolfiovani srde¢nich troponint
v dUsledku apoptdzy bunék myokardu, c) uvolriovani sr-
decnich troponint v disledku tvorby membranovych vac-
kd na povrchu bunék myokardu, d) intraceluldrni proteo-
lyticka degradace molekul srde¢nich troponinl na malé
fragmenty a jejich uvolnéni pres intaktni membranu bu-
nék myokardu, e) uvolnéni srde¢nich troponinu v dusled-
ku zvysené membrdnové propustnosti bunék myokardu,
f) uvolnéni srdec¢nich troponint z extrakardialnich bunék.

Nékteré z uvedenych uvolnovacich mechanismd mo-
hou prispivat nejen ke zvyseni koncentrace srdecnich tro-
ponint krve u zdravych jedincd, ale i vyznamné narustat
pod vlivem raznych fyziologickych a patologickych fakto-
rG. Tak naptiklad apoptdza bunék myokardu muize zesilit
se zvySenim krevniho tlaku,*?° s roztaZzenim stén myokar-
du,?02" se zvySenou stimulaci beta-adrenergnich recepto-

rd,?? uzivanim kardiotoxickych chemoterapeutickych 1ékd
a fadou dalsich faktor(.2* A u pacientd s chronickym se-
lhanim ledvin (CHSL) je zaznamendna exprese srdecnich
troponinG v kosternich svalech,?* coz hypoteticky mlze
vést ke zvyseni koncentrace srde¢nich troponind v krev-
nim séru. Nasledny a podrobny popis moznych mechanis-
mU uvolfhovani srde¢niho troponinu je uveden nize.

Uvolnovani srdecnich troponint
v dusledku procesti regenerace
a obnovy bunék myokardu

Dlkaz, Zze buriky myokardu mohou regenerovat/obno-
vovat se, byl ziskdn studiem metabolismu molekul DNA,
oznacenych C*v burikdch myokardu. O. Bergmann a spol.
provedli vypocet rychlosti obnovy kardiomyocytt pomoci
studie rychlosti syntézy DNA, vypocet, ktery byl proveden
formou studia rychlosti akumulace C'* v burikdch myokar-
du. Byla zjisténa obnova kardiomyocytd, intenzita, ktera
kazdorocné klesala — od 1 %/ro¢né ve véku 25 let do 0,45
%/ro¢né ve véku 75 let. Obecné plati, Zze béhem Zivota
proslo obnovou asi 50 % kardiomyocytd.? Tyto vysledky
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dosvédcuji existenci malého regenera¢niho potencialu
bunék myokardu. Nékteri védci predpokladaji, Ze proces
obnovy bunék myokardu muize byt spojen s uvolfiovanim
srdec¢nich troponinl z bunék,?>* nicméné konkrétni me-
chanismus, ktery je zdkladem tohoto jevu, zUstdva nezna-
my. Jako moznou hypotézu lze predpokladat, Ze z postup-
né starnoucich a pfirozené odumirajicich kardiomyocytt
se v dlisledku postupné destrukce buné¢né membrany
uvolnuji intracelularni molekuly kardiomarker( véetné sr-
decnich troponinl. Vzhledem k tomu, Ze rychlost obnovy
kardiomyocytu je nizka, stupen zvyseni koncentraci srdec-
nich troponinl v séru je také nevyznamny (ne vyssi nez
99. percentil). Tento mechanismus tedy mlze hypoteticky
vysvétlit pfitomnost malého mnozstvi molekul srdec¢nich
troponind v krevnim fecisti u vsech zdravych jedinc(..

V souladu s udaji jinych vyzkumnikd ¢ini prdmérna
rychlost obnovy kardiomyocytl u savcd 0,5-2,0 % za rok
a muze se lisit v zavislosti na vlivu urcitych faktoru, jako
jsou fyziologické podminky (fyzickd zatéz), zranéni a do-
provodnd onemocnéni.?®3° Rychlost obnovy kardiomyo-
cytl se tedy po poskozeni myokardu vyrazné zvysuje. Ex-
perimentalni studie, kterou provedla P. Docshina a kol.,
prokazala, ze ischemické poskozeni myokardu zpusobuje
aktivaci endogennich kmenovych bunék a zvysuje rychlost
obnovy bunék myokardu.?® Dvé dalsi skupiny vyzkumni-
ka vedené C. Waringem a spol.? a M. Rovirou se spolu-
autory?® zjistily zvyseni procest proliferace a diferenciace
kmenovych bunék v myokardu potkanl a zebti¢ek Danio
béhem fyzické zatéze.

Nicméné na posouzeni stupné regenerace a rychlost
obnovy bunék myokardu mohou mit do urcité miry vliv
zadnétlivé procesy, proliferace nemyocytarnich bunék
a tvorba jizvy pojivové tkané v myokardu, které casto
komplikuji nebo zkresluji vysledky studii.?®3' K prozkou-
mani konkrétni role moznych regeneracnich mechanismu
pfi uvolfovani srde¢nich troponinl z bunék je zapotrebi
dal3iho vyzkumu.

Uvolnovani srdecnich troponini v dlsledku
apoptézy bunék myokardu

K dne3nimu dni bylo objeveno zna¢né mnozstvi faktord,
které mohou spustit procesy apoptédzy kardiomyocytu. In-
dukce apoptdzy vede ke zvyseni aktivity kaspazovych en-
zym, které mohou fragmentovat (poskozovat) molekuly
DNA, proteiny a zpUsobit odumreni buriky. Na rozdil od
nekrézy pfi apoptédze burka odumird pomaleji, integrita
buné¢né membrany je zachovdna mnohem déle a zanét-
livd reakce kolem mrtvé buriky neni pozorovana. Ke stu-
diu procest apoptdzy se vyuzivd mnozstvi metod: rlizné
druhy mikroskopie (svételnd, elektronova, fluorescencni),
pritokova cytometrie, imunohistochemické studie, me-
toda TUNEL (Terminal deoxynukleotidyltransferaza (TdT)
dUTP Nick-End Labeling) atd. Metoda TUNEL je nejspoleh-
livéjsim a nejvcasnéjsim zpusobem detekce apoptdzy. Tato
metoda umoznuje vizualizaci bunécnych jader, ve kterych
doslo k fragmentaci molekuly DNA v dUsledku zvysené
aktivity endonukledz a kaspdaz. Tato metoda se nejcastéji
pouziva ve vsech modernich studiich zamérenych na stu-
dium etiopatogenetickych mechanismud apoptdézy rdznych
bunék, véetné kardiomyocyt(.32-3

V experimentalni studii vedené B. Weilem a spol.
bylo prokazano, Zze kratkodoba ischemie aktivuje apo-
ptézu bunék myokardu u pokusnych zvifat a apoptédza
kardiomyocytl je doprovdzena zvySenim koncentraci
srdecnich troponind v krevnim séru. Pro simulaci krat-
kodobé ischemie myokardu byl pouzit balonkovy ka-
tétr. Doba trvani ischemie byla deset minut, poté byla
provedena reperfuze formou vypusténi balonku. K po-
tvrzeni apoptézy bunék myokardu byla pouzita meto-
da TUNEL, podle jejichz vysledkt se vyznamné zvysilo
mnozstvi kardiomyocytd ve stavu apoptoézy (6x oproti
kontrolni skupiné zvitat). Zarover nebyly zjistény Zadné
histologické zndmky nekrézy myokardu. To naznacuje,
ze kratkodoba (v tomto pfipadé desetiminutova) ische-
mie nezpusobuje ischemickou nekrézu kardiomyocytq,
ale zesiluje apoptotické procesy v myokardu. Nicméné
hodnoty srde¢nich troponinl se zacaly rychle zvysSovat:
30 minut po reperfuzi se koncentrace troponinu | pfibli-
Zila horni hranici normalu (38 ng/l) a po jedné hodiné ji
prekrocila (51 = 17 ng/l). Dvé a tfi hodiny po reperfuzi
byly hodnoty srde¢niho troponinu | v krevnim séru 148
+ 88 ng/l a 180 + 117 ng/l, coz ukazovalo na pokracujici
uvolnovani molekul troponinu z myokardu. A konecné
24 hodin po reperfuzi dosahla koncentrace cTnl vrcholu
a hodnota ¢inila 1 021 + 574 ng/I.»

Tato experimentalni studie tedy jasné demonstruje roli
apoptézy (indukované kratkodobou ischemii) pfi uvol-
fovani molekul srde¢nich troponint z bunék myokardu.
Limitem této studie je pomérné kratky interval vysetfeni
tkané srde¢niho svalu na pfitomnost histopatologickych
zmén; navic podle téchto vysledkd neni mozné stanovit
stupen a reverzibilitu poskozeni srde¢nich myocytd béhem
apoptdzy. Kromé toho byl ke stanoveni cTnl pouzit stfed-
né citlivy testovaci systém (enzymaticky imunosorbentni
test - ELISA), ktery je z hlediska analytické citlivosti hor-
$i nez moderni vysoce citlivé imunologické technologie.
V souvislosti s tim by se dynamické zmény koncentraci hs-
-cTnT a hs-cTnl béhem apoptdzy mohly vyznamné lisit, ze-
jména v prvnich minutach a hodinach po reperfuzi.

V literature jsou popsany i dalsi situace, kdy se apopto-
za srdecnich myocytt indukuje jinymi mechanismy, které
nejsou spojeny s reverzibilni (krdtkodobou) ischemii sr-
decni svalové tkané.3*3¢ Autofi vyznacuji nasledujici me-
chanismy apoptézy, které mohou podporovat uvolriovani
srde¢nich troponinl z bunék myokardu: roztazeni stén
myokardu, zvysené predpétisrdce a zvysenou aktivitu sym-
patoadrenalniho systému. W. Cheng a spol. tedy uvedli, ze
apoptoéza bunék myokardu se zvysuje s roztahovanim stén
myokardu.?* To umoziiuje povazovat mnohé fyziologic-
ké a patologické stavy, které zpUsobuji roztahovani stén
myokardu, za mozné induktory apoptdzy. Apoptdza tedy
mUze do urcité miry vysvétlit zvysené koncentrace v séru
u pacientt po dlouhodobé a intenzivni fyzické zatézi, hy-
pertenzi, plicni embolii a CHOPN.

Ve své dalsi experimentalni studii B. Weil a spol. dosli
k zavéru, Ze zvyseni predpéti srdce ,spousti” apoptédzu
a zpuUsobuje zvyseni koncentrace cTnl v krvi pokusnych
zvitat. Pro zvyseni predpéti srdce byl pokusné skupiné zvi-
fat poddvan intravenézné lék — fenylefrin (300 pg léku za
minutu) po dobu jedné hodiny. Po modelaci byla pro po-
tvrzeni pretizeni myokardu pouzita echokardiografie, pro
ovéreni apoptdzy a stanoveni hodnot srdec¢nich troponint
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byly pouzity histologické metody, v¢éetné metody TUNEL,
respektive stfedné citlivd imunoanalyza. Ve vysledku his-
tologického vysetfeni myokardu byl u pokusné skupiny
zvifat zaznamendn vyznamny narust poctu kardiomyocy-
t0 ve stavu apoptdzy ve srovnani s kontrolni skupinou. Ne-
byly viak zjistény histologické znamky nekrézy myokardu.
Ctyriadvacet hodin po modelaci se pocet kardiomyocytd
ve stavu apoptdzy snizil na uroven kontrolni skupiny, coz
ukazuje na reverzibilitu apoptotickych zmén. Koncentra-
ce cTnl prekrocila horni hranici normalu 30 minut po mo-
delaci a poté se koncentrace cTnl déle prudce zvySovaly
a hodnoty 856 + 956 ng/l dosahly jednu hodinu po mo-
delaci. Koncentrace cTnl v séru zGstaly zvysené po celou
dobu studie (24 hodin) a dosahly vrcholu hodnot 1 462 =
1 691 ng/l.* Protoze zndmky nekrézy, na rozdil od apo-
ptézy, nebyly pozorovany, je tfeba myslet na to, Ze apo-
ptéza vyvoland indukovanym pretizenim myokardu hraje
dulezitou roli pfi uvolfiovani molekul srdec¢nich troponint
z bunék.

Stupen uvolnéni molekul srdec¢nich troponintd z bu-
nék myokardu v disledku apoptdzy, vyvolané pretizenim
myokardu, zavisi na sile a délce plsobeni. Napfiklad k re-
lativné malému pretizeni myokardu dochazi pfi mirné az
stredni fyzické zatézi, hypertenzi, nemasivni plicni embolii
a nezavaznych formach CHOPN, stuper zvy3eni sérovych
koncentraci srde¢nich troponinu je proto u téchto stavu
také relativné maly.3¢-3° Ale napfiklad pfi vysoce intenzivni
fyzické zatézi, zhorseni CHOPN nebo masivni plicni em-
bolii se pretizeni myokardu stdvda mnohem vyznamnéjsim,
proto jsou tyto stavy doprovazeny relativné vyssimi séro-
vymi koncentracemi srdec¢nich troponind.

Dal$im velmi zajimavym mechanismem iniciace apo-
ptézy je zvydeni aktivity sympatoadrenadlniho systému.
Vyzkumna skupina vedend K. Singhem a spol. zjistila, Ze
stimulace beta-adrenergnich receptorl (B-AR) reguluje
nitrobunécné apoptotické signdlni drahy v kardiomyocy-
tech. PFicemZ stimulace B,-AR zesiluje apoptozu bunék
myokardu, zatimco stimulace B,-AR ma opacny ucinek.*
Také bylo zaznamenano, Ze hustota podtypl B-AR se vy-
znamné méni s vékem. U starsich pacientl tedy dochazi
k vyraznéjsSimu poklesu poctu B2-AR, coz mUze pfrispivat
k oslabeni antiapoptotického ucinku, a tim i ke zvyseni
apoptozy bunék myokardu. Vyssi stuperi apoptdzy u star-
Sich pacientl maze pravdépodobné souviset s vékovymi
zvldstnostmi hodnot srdec¢nich troponinu: u starsich lidi
jsou hodnoty troponind rozhodné vys$si nez u mladych.4#
Vlastnosti srdec¢nich troponind souvisejici s vékem byly
prokdzany v fadé klinickych studii pfi studiu krve pomoci
vysoce citlivych testovacich systéma.+44

Vzhledem k vySe uvedenému je tfeba apoptézu kar-
diomyocytl povazovat za vyznamny mechanismus uvol-
fnovani molekul srde¢nich troponind z bunék myokardu.
Tento mechanismus neni spojen s nekrézou kardiomyo-
cytd a napomdha velmi vyznamnému zvyseni sérovych
koncentraci srdecnich troponint. Obecné apoptéza bu-
nék myokardu muaze mit vyznamnou diagnostickou hod-
notu u stavy, jako je dlouhodoba a intenzivni fyzicka
aktivita, arteridlni hypertenze, plicni embolie, srdecni se-
Ihani a pravdépodobné i vyssi vék. Pro upresnéni presné
role apoptdzy v uvolfiovani srdec¢nich troponinl pfi fyzi-
ologickych a patologickych stavech je zapotfebi dalsiho
vyzkumu.

Uvolnovani srdecnich troponinu
v disledku tvorby membranovych
vackl na povrchu bunék myokardu

Tento mechanismus uvolnovani srdec¢nich troponint z bu-
nék myokardu byl poprvé popsan v experimentalni studii
pifed pomérné dlouhou dobou. Vyzkumny tym pod ve-
denim P. Schwartze uved|, Ze na plazmatické membrané
bunék myokardu se tvofi membranové vacky (blebing ve-
sicles).*> A pfi kratkodobé ischemii kardiomyocytu se po-
et membranovych vackd zvysuje ve srovnani s intaktnim
stavem. Podobné tendence jsou také charakteristické pro
hepatocyty.* Vzhledem k tomu, Ze tyto vezikuly jsou tvo-
feny z fragmentl bunécéné membrany a cytoplazmy kar-
diomyocytli, mohou pravdépodobné obsahovat nékteré
cytoplazmatické proteiny bunék myokardu, zejména kar-
diomarkery (izoformu kreatinkindzy MB, myoglobin a cy-
toplazmatickou frakci srdec¢nich troponinl a dalsi). Nic-
méneé jelikoZz je objem cytoplazmatické frakce srdecnich
troponina maly (pfiblizné 3-4 % cTnl a 7-8 % ¢TnT z cel-
kového poctu troponind v kardiomyocytu), bude podil
tohoto mechanismu na stupni zvyseni sérové koncentrace
srdecnich troponinl také omezeny. Vychazime-li ze zvlast-
nosti tvorby membranovych vackl (vyznamny nérast pfi is-
chemii), Ize predpokladat, Zze tento mechanismus se podili
na uvoliovani srde¢nich troponinl pfi téch patologickych
stavech, které jsou provazeny ischemii bunék myokardu
jiz v ranych stadiich. Napfiklad pocatecni (prenekrotické)
stadium ischemie myokardu muze tedy vyvolat tvorbu
membrdnovych vackd a uvolfiovani troponinl do krevni-
ho recisté, coz povede k vytvoreni prvniho vrcholu kon-
centraci srdec¢nich troponint v séru. Nasledné jsou mozné
dvé zakladni varianty: 1) se snizenim ischemie bunék myo-
kardu tvorba membranovych vackl skon¢i a koncentrace
troponinu se rychle vrati k normalu, 2) s pokracovanim/
zvy$ovanim ischemie (jako napf. pfi AIM) se zvySuje tvorba
membranovych vackd, a navic dochazi k destrukci plazma-
tické membrany bunék myokardu a proteolyze (fragmen-
taci) troponinovych proteind, které jsou soucasti hlavni
(strukturalni nebo kontraktilni frakce troponint), coz po-
vede k formovani druhého vrcholu v koncentraci srdec¢nich
troponind v séru. Z patogenetického hlediska mlze kazdy
fyziologicky nebo patologicky stav, ktery vede k ischemii
kardiomyocytl (dokonce i k reverzibilni buné¢né ische-
mii), aktivovat tento mechanismus uvolfiovani srde¢niho
troponinu. Napfiklad nékteré fyziologické stavy (fyzicka
z4téz)* nebo patologické stavy (sepse)*” mohou zpUsobit
zvyseni potreby kysliku v burikdch myokardu, coz bude
doprovazeno ischemii srdec¢ni svalové tkané v dusledku
naruseni rovnovahy v doddvce a poptdvce po kysliku.

Nitrobunécna proteolyticka degradace
molekul srdecnich troponind na malé
fragmenty a uvolfiovani téchto fragmentt
pres intaktni membranu bunék myokardu

Velikost a lokalizace nitrobunécnych molekul jsou dva kli-
Cové faktory, které ovliviuji transport (uvolriovani) mole-
kul pfes buné¢nou membranu. Nizkomolekularni biomar-
kery se mnohem intenzivnéji uvoliuji pres plazmatickou
membrdanu, coz hraje roli v diagnostice mnoha onemocné-
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ni, véetné forem kardiovaskuldrni patologie. Takze napfi-
klad s rozvojem AIM se koncentrace nizkomolekularnich
kardiomarkerd (myoglobin) v krevnim séru zvySuje mno-
hem dfive nez koncentrace vysokomolekuldrnich kardio-
markeru (laktatdehydrogenaza-1).”® To se vysvétluje tim,
Ze molekuly myoglobinu jsou malé a mohou se uvolfovat
v pocatecnich stadiich ischemie b&hem rozvoje AIM (kdy
je plazmatickd membrana bunék myokardu jesté relativ-
né mirné poskozena). Vétsi molekula (laktatdehydroge-
naza-1) muze opustit kardiomyocyt pouze tehdy, kdyz
bude jeho bunécnd membrdna vyznamné poskozena.
Biomarkery, které jsou volné lokalizovany v cytoplazmé
bunék (napriklad myoglobin, cytoplazmatickd [nekon-
traktilni] frakce troponint), maji také vyhody pfi uvolnéni
z buriky, na rozdil od téch biomarkerut, které jsou loka-
lizovany v organelach (jadfe nebo mitochondrii bunék)
nebo jsou tésné spojeny se strukturdlinimi slozkami sarko-
plazmy (napftiklad se strukturni frakci troponind, kterd je
zapojena do regulace kontraktilni frakce myokardu). Bé-
hem vyvoje AIM se tedy nejprve uvolfiuji molekuly tropo-
nind, které jsou soucasti cytoplazmatické frakce srdec¢nich
troponind, a teprve poté dochazi k destrukci sarkomer,
konkrétné komplexu troponin-tropomyozin, a k uvolrno-
vani strukturalnich srdecnich troponind.

NejdllezitéjSim faktorem, ktery maze ovlivnit velikost
molekuly (biomarkeru), a tedy i moznost jejiho uvolné-
ni, je stupen aktivity enzymu, které zplsobuji proteolyzu
(fragmentaci) dané molekuly. Aktivita proteolytickych
enzymU se muze ménit jak u fyziologickych, tak u pato-
logickych stavl. V experimentalni studii J. Fenga a spol.
bylo prokazano, Ze zvy3eni predtiZzeni na srde¢ni svalovou
tkan zpusobuje aktivaci enzymu calpain, ktery fragmen-
tuje molekulu cTnl, coZz mUze potencialné hrat roli pfi
uvolnovani tohoto biomarkeru z bunék myokardu a zvy-
seni jeho koncentrace v krevnim séru.*® Zaroveri mohou
fyziologické a patologické stavy, které zpUsobuji zvyseni
predtizeni na sténu myokardu, napomdhat uvolrovani
srdec¢nich troponint z bunék myokardu timto mechanis-
mem.

Kromé enzymu calpainu mohou $tépeni molekul srdec-
nich troponinG katalyzovat urcité typy matrixovych me-
taloproteindz (MMP 2 a MMP 14)*° a enzym trombin.>
Na aktivitu téchto enzym( také mohou mit vliv patolo-
gické procesy a nékteré léky, které tak mohou hypote-
ticky ovliviiovat koncentrace srde¢nich troponin0 v séru.>'
Napriklad zvyseni aktivity trombinu u pacientt s dilata¢ni
kardiomyopatii*? tak maze napomahat fragmentaci cTnT,
kterd mlize mit jak patogeneticky vyznam (poskozeni
cTnT, ktery je jednou ze zékladnich soucasti kontraktilni-
ho apardtu kardiomyocytt), tak diagnostickou hodnotu
( zmenseni velikosti molekuly ¢TnT v dUsledku fragmen-
tace a mozného zvyseni uvolfiovani téchto fragmentd do
krevniho reciste).

Zmény kyselosti (pH) také mohou modulovat aktivi-
tu nitrobunéénych proteolytickych enzym(. Patologické
stavy, které narusuji metabolismus myokardu, zejména
ischemie myokardu, tedy vedou k pfechodu z aerobniho
metabolismu myokardu na anaerobni a ke zvyseni tvor-
by kyseliny mlécné, kterd posouvd pH smérem k acido-
ze. V podminkach acidézy se zase aktivuji proteolytické
a proapoptotické enzymy, které prostfednictvim frag-
mentace nemohou nepfispivat k tvorbé mnoha malych

fragmentd (molekul) srde¢nich troponin(, coz zvysi prav-
dépodobnost jejich uvolnéni z bunék myokardu do krev-
niho recisté.

Uvolnovani srdecnich troponinu
v disledku zvySené membranové
propustnosti bunék myokardu

Membranova permeabilita bunék myokardu je dlezitym
faktorem, ktery hraje roli pfi uvolriovani molekul srdec-
nich marker( z bunék myokardu do krevniho fecisté. Na
zékladé analyzy vysledkd experimentdlnich dat Ize rozli-
Sit dva zdkladni mechanismy, které jsou zakladem zmény
(zvyseni) membranové propustnosti bunék myokardu:
1) zvySeni membranové propustnosti bunék myokardu
v dUsledku zvyseni zatéze na myokard a roztahovani jeho
stén; 2) zvyseni membranové propustnosti bunék myokar-
du v dasledku ischemie myokardu a aktivace proteolytic-
kych enzymd, které mohou poskodit membranu buriky.

Prvni mechanismus uvolfiovani srdecnich troponin(
studoval M. Hessel a spol.>* Ve své experimentalni studii
autofi stimulovali specidlni glykoproteinové receptory
bunék myokardu (integriny), které jsou citlivé na rozta-
Zeni myokardu. K modelovani roztazeni myokardu a ak-
tivaci integrinu védci pouzili tripeptid RGD (Arg-Gly-Asp),
ktery je silnym agonistou integrinl a je soucasti fibronek-
tinu a dalSich regulac¢nich proteini mimobuné¢ného ma-
trixu.>* Autofri dale poznamenali, Ze roztahovani myokar-
du neni spojeno s ischemickymi a nekrotickymi procesy ve
tkani srdecniho svalu, coz svéd¢i o tom, Ze za uvolfiovani
srdec¢nich troponinl z Zivotaschopnych bunék myokardu
byl zodpovédny zejména specificky mechanismus rozta-
hovani stény myokardu a aktivace integrinu.

Druhy mechanismus zvyseni propustnosti membrany je
spojen s poskozenim membran pfi ischemii bunék myo-
kardu. Ischemie myokardu iniciuje zmény v metabolismu
kardiomyocytd a okyseleni (acidézu) nitrobunééného pro-
storu bunék myokardu, coz nasledné povede k aktivaci
proteolytickych a proapoptotickych enzymu. Tyto enzymy
maji mnoho urceni a kromé své specifické ¢innosti (frag-
mentace srdec¢nich troponinll) mohou samoziejmé kata-
lyzovat proteolyzu proteind, které tvofi bunécné organe-
ly a membrany.>>>¢ Tento mechanismus zvy$eni troponint
tedy Uzce souvisi s popsanym mechanismem (zvyseni kon-
centrace troponinl v dusledku zvysené proteolytické de-
gradace struktur na malé fragmenty). Obecné Ize zvyseni
propustnosti membrany a nitrobunécnou fragmentaci
srdec¢nich troponinl povaZovat za dva vzajemné souvise-
jici a synergické mechanismy, které jsou zakladem uvol-
riovani molekul srdec¢nich troponind z bunék myokardu.
Mira aktivity téchto mechanismt pravdépodobné souvisi
se stupném zdvaznosti patologickych procest. Takze na-
priklad kratkodoba a/nebo reverzibilni ischemie bunék
myokardu béhem fyzické zatéze, nekomplikované sepse
mUzZe byt spojena s relativné malym zvysenim aktivity nit-
robunécnych proteolytickych enzymu. V souvislosti s tim
bude stupen zvyseni koncentraci srdecnich troponin(
v séru také relativné maly a je zpUsoben pouze cytoplaz-
matickou frakci srde¢nich troponinl (jejich fragmentaci
na malé molekularni fragmenty) a reverzibilnim posko-
zenim membrany/zvy$enim propustnosti membrany. Pfi
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patologickych stavech, které zplsobuji ireverzibilni ische-
mii bunék myokardu (napfiklad AIM nebo tézka/kompli-
kovana sepse), se hodnoty troponint v séru zvy3uji mno-
hem vyraznéji a hlavni podil na celkovych koncentracich
srdecnich troponinl v séru bude mit strukturdIni frakce
srdecnich troponinu. Jak proteiny komplexu troponin-
-tropomyozin, tak proteiny membran kardiomyocytt se
budou aktivnéji fragmentovat (Stépit), a proto bude stu-
pen uvolfovani srdecnich troponint u téchto patologii
VySsi.

Uvolnovani srdecnich troponint
z extrakardidlnich bunék

Jednim z kontroverznich, ale hypoteticky moznych me-
chanism0, které jsou zakladem zvyseni koncentraci sr-
decnich troponinl v séru, je uvolfiovani téchto molekul
z extrakardidlnich bunék. Neékolik experimentalnich
a klinickych studii ukazuje na expresi molekul srde¢nich
troponinl v bunkach tkané kosterniho svalstva57,58 a ve
sténdch velkych cév,*® coz nam umoznuje povazovat tyto
orgdny za mozné zdroje koncentraci srdecnich troponint
v séru. Americti biochemici (V. Ricchiuti a F. Apple) po-
moci polymerazové retézové reakce (PCR) odhalili expresi
matri¢ni RNA cTnT ve tkani kosterniho svalstva dospélych,
trpicich terminalnim stadiem selhani ledvin a dédi¢nou
kosterni myopatii (Duchenneova svalova dystrofie). Ma-
tricni RNA cTnl nebyla nalezena v kosternich svalech pa-
cientd trpicich témito formami patologie a v kosternich

svalech zdravych lidi. Kromé toho nebyly v kosternim sval-
stvu zdravych lidi zjistény zadné znamky exprese cTnl,?
coz ukazuje na moznou expresi jednoho typu srde¢niho
troponinu (cTnT) pouze pfi existenci uvedenich patologii.
V dalsi studii B. Messner a kol. potvrdili moZnost extrakar-
didlni exprese ¢TnT u pacientl trpicich kostnimi myopa-
tiemi. Vyzkumnici pomoci PCR testu detekovali matri¢ni
RNA cTnT u pacientC, ktefi trpi primarni sarkoglykano-
patii a Duchenneovou svalovou dystrofii.®® U nékterych
pacientld se skeletdlnimi myopatiemi byla kromé matric-
ni RNA ¢cTnT zaznamendna exprese matri¢ni RNA cTnl.%®
Nicméné v téchto studiich autofi nemérili koncentrace sr-
decnich troponinl v séru u pacientl trpicich myopatiemi
a CHSL. Toto je dllezité omezeni téchto studii, protoze
neumoznuje odpovédét na otazku: muize exprese srdec-
nich troponind v kosternim svalstvu vést ke zvySenym
hodnotdm srdecnich troponinl v séru u pacientt, ktefi
trpi CHSL nebo dédi¢nymi kostnimi myopatiemi? Kromé
toho je tfeba zminit nékolik daldich vyzkumnych studii,
jejichz vysledky jsou v rozporu s popsanymi udaji o ex-
trakardialni expresi. Napfiklad G. Bodor a spol. provedli
studii a dosli k zavéru, Ze srdecni troponiny nejsou expri-
movany ve tkani kosterniho svalstva u pacientd trpicich
Duchenneovou svalovou dystrofii a polymyozitidou.%® Ani
jiné vyzkumné skupiny pod vedenim A. Hammerera-Ler-
chera a J. Schmida nenalezly Zadné znamky exprese sr-
decnich troponint v kosternim svalstvu.5'62

Druhym potencidlnim nekardidlnim zdrojem uvolnova-
ni srdecnich troponinl jsou stény velkych Zil (kavalnich
a plicnich). Nékteré studie (provedené D. Rusakovem

Tabulka 2 - Mechanismy uvolfiovani srde¢nich troponint

Mechanismus

Nekréza bunék myokardu

Uvolnovani srdecnich troponinG
jako dUsledek procesu regenerace
a obnovy bunék myokardu

Uvolnovani srdecnich troponind
v dUsledku apoptézy bunék myokar-
du

Uvolnovani srdecnich troponind
v dUsledku tvorby membrénovych
vacka na povrchu bunék myokardu

Nitrobunécna proteolyticka degra-
dace molekul srdecnich troponint
na malé fragmenty a jejich uvolrio-
vani pres intaktni membranu bunék
myokardu

Uvolriovani srdecnich troponind
v dUsledku zvysené membranové
propustnosti bunék myokardu

Uvolnovani srdecnich troponind
z extrakardialnich bunék

Diagnosticky vyznam

Zékladni prokazany mechanismus, ktery stoji za zvysenim srde¢nich troponinG u AIM. Nekrdza kar-
diomyocytd bude mit za nasledek uvolnéni vsech molekul (biomarkerd) z buriky do krevniho recisté.

Obnova bunék myokardu, ke které postupné dochazi v priibéhu celého Zivota, mize hypoteticky
souviset s normalnimi (méné nez horni hranice 99. percentilu) koncentracemi srdecnich troponind
v krevnim recisti

Bylo dokazéno, Ze apoptdza kardiomyocytli (bez zndmek nekrézy) je doprovazena zvysenim kon-
centrace srdecnich troponinu v séru. Jakékoli fyziologické (fyzicka zatéz, vyssi vék) a patologické
(srdecni selhani, arteridlni hypertenze, chronicka obstrukéni plicni nemoc atd.) stavy, které zvysuji
apoptoézu, mohou byt tedy doprovazeny uvolriovanim srdecnich troponinti z kardiomyocytt

a zvySenim koncentraci v séru.

Membranové vacky (blebing vesicles), které se vytvareji na povrchu plazmatické membrany kar-
diomyocytt, mohou hypoteticky obsahovat cytoplazmatické proteiny véetné srdecnich troponin(.
Pocet membranovych vacku se zvysuje s ischemii bunék myokardu a muze byt spojen s uvolriova-
nim srdecnich troponint do krevniho recisté.

Molekuly srdecnich troponind mohou byt fragmentovany/destruovany nékterymi proteolytickymi
enzymy: calpainem, trombinem, matrixovymi metaloproteinazami. V disledku ptsobeni téchto
enzymu mohou tvofit malé fragmenty molekul troponin(, které maji diky své velikosti vyssi
pravdépodobnost uvolnéni z buriky. Tento mechanismus muze mit dulezity klinicky vyznam: tedy
vsechny ty fyziologické a patologické stavy a/nebo léky, které ovliviuji aktivitu téchto proteo-
lytickych enzymU, mohou mit také vliv na uvolriovani srdecnich troponind a jejich koncentraci

v krevnim fecisti.

Zvy3ené uvolfiovani molekul srdecnich troponintd do krevniho recisté je pozorovano pfi zvyseni
membranové propustnosti bunék myokardu, coz je typické pro ischemii myokardu, zvysené
predpéti a roztazeni srdecni stény.

Protichtidny mechanismus zvyseni hodnoty srdecnich troponinli v obéhu. Byly publikovany studie,
které potvrzuji expresi srdecnich troponinli ve tkani kosterniho svalstva u pacientt s chronickym se-
Ihdnim ledvin a naslednymi kosternimi myopatiemi a existuji studie, které tuto hypotézu vyvraceji.
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a spol.) uvadéji pouze pritomnost exprese srdec¢nich tro-
poninl ve sténdch téchto Zil, ale nepopisuji moznou roli
téchto troponint v diagnostice.>® Hypoteticky lze prfedpo-
kladat, Ze poskozeni nebo roztazeni stén téchto velkych
zil maze vést k uvolnéni molekul srdecnich troponint do
krevniho recisté.

Vzhledem k pFitomnosti neznamych a protichddnych
udajl o extrakardidlni expresi jsou tedy nutné dalsi studie
pro validaci tohoto mechanismu..

Popsané mechanismy uvolfovani srde¢nich troponinl
a jejich diagnosticky vyznam jsou shrnuty v tabulce 2.

Zavér

Kromé zakladniho a v soucasnosti ovéfeného mechanis-
mu uvolfiovani srdec¢nich troponind v dasledku nekroézy
bunék pfi akutnim infarktu myokardu tedy existuje 3est
dalSich potencialné moznych mechanisma uvolfovani
molekul troponinu do krevniho fecisté (tabulka 2). Tyto
mechanismy mohou zpusobovat zvyseni koncentraci sr-
decnich troponind v séru u pacientl trpicich rdznymi
patologiemi, které negativné ovliviuji buriky myokardu.
V redlné klinické praxi tak zvysené hodnoty troponinu
Casto nejsou spojeny s ischemickou nekrézou myokardu
u AIM a nékdy je interpretovat pozitivni vysledky extrém-
né obtizné. Kromé toho byly pomoci vysoce citlivych de-
tekénich metod molekuly troponint detekovany i u abso-
lutné zdravych lidi, coz jasné svédci o existenci normalnich
mechanismu uvolnovani molekul srde¢nich troponint do
krevniho obé&hu a ddva moznost je povazovat za produk-
ty normalniho metabolismu srdecni svalové tkdné. Jsou
zapotiebi dalsi experimentalni a fundamentalni studie,
které pomohou verifikovat a ovéfit mechanismy uvolno-
vani molekul srdecnich troponind z myokardu do krev-
niho tecisté. Pochopeni téchto mechanismd uvolriovani
srdecnich troponind umozni zlepsit diagnostiku a dife-
rencidlni diagnostiku AIM, jakoz i rozsifit diagnostické
moznosti metod stanoveni srde¢nich troponin(.

Prohlaseni autora o mozném stietu zajmu
Autor vylucuje stiet zajm0.

Financovani
Vznik ¢lanku nebyl finan¢né podporen zadnym soukro-
mym ani akademickym subjektem.

Literatura

1. Ohtsuki I. Troponin: structure, function and dysfunction. Adv
Exp Med Biol 2007;592:21-36.

2. Chaulin AM, Duplyakov DV. Cardiac troponins: current data
on the diagnostic value and analytical characteristics of new
determination methods. Cor Vasa 2021;63:486-493.

3. Jakubo V, Ondrus T, Beriovska M, et al. Overview and
application of validated algorithms using high-sensitivity
cardiac troponin assays for early diagnosis of acute myocardial
infarction. Cor Vasa 2021;63:703-709.

4. Chaulin A. Clinical and Diagnostic Value of Highly Sensitive
Cardiac Troponins in Arterial Hypertension. Vasc Health Risk
Manag 2021;17:431-443.

5. Chaulin AM. Elevation Mechanisms and Diagnostic
Consideration of Cardiac Troponins under Conditions Not
Associated with Myocardial Infarction. Part 1. Life (Basel)
2021;11:914.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Chaulin AM. Elevation Mechanisms and Diagnostic
Consideration of Cardiac Troponins under Conditions Not
Associated with Myocardial Infarction. Part 2. Life (Basel)
2021;11:1175.

. Thygesen K, Alpert JS, Jaffe AS, et al; Executive Group on

behalf of the Joint European Society of Cardiology (ESC)/
American College of Cardiology (ACC)/American Heart
Association (AHA)/World Heart Federation (WHF) Task Force
for the Universal Definition of Myocardial Infarction. Fourth
Universal Definition of Myocardial Infarction (2018). Glob
Heart 2018;13:305-338.

Wu W, Li DX, Wang Q, et al. Relationship between high-
sensitivity cardiac troponin T and the prognosis of elderly
inpatients with non-acute coronary syndromes. Clin Interv
Aging 2018;13:1091-1098.

Lindner G, Pfortmueller CA, Braun CT, Exadaktylos AK. Non-
acute myocardial infarction-related causes of elevated high-
sensitive troponin T in the emergency room: a cross-sectional
analysis. Intern Emerg Med 2014;9:335-339.

Collet JP, Thiele H, Barbato E, et al.; ESC Scientific Document
Group. 2020 ESC Guidelines for the management of acute
coronary syndromes in patients presenting without persistent
ST-segment elevation. Eur Heart J 2021;42:1289-1367.
Chaulin AM, Abashina OE, Duplyakov DV. High-sensitivity
cardiac troponins: detection and central analytical
characteristics. Cardiovascular Therapy and Prevention
2021;20:2590. (In Russian)

Ziebig R, Lun A, Hocher B, et al. Renal elimination of troponin
T and troponin I. Clin Chem 2003;49:1191-1193.

Chen JY, Lee SY, Li YH, et al. Urine High-Sensitivity Troponin

| Predict Incident Cardiovascular Events in Patients with
Diabetes Mellitus. J Clin Med 2020;9:3917.

Chaulin AM, Karslyan LS, Grigorieva EV, et al. Clinical and
Diagnostic Value of Cardiac Markers in Human Biological
Fluids. Kardiologiia 2019;59:66-75. (In Russian)

Chaulin AM, Duplyakova PD, Bikbaeva GR, et al. Concentration
of high-sensitivity cardiac troponin | in the oral fluid in
patients with acute myocardial infarction: a pilot study.
Russian Journal of Cardiology 2020;25:3814.

Monneret D, Gellerstedt M, Bonnefont-Rousselot D.
Determination of age- and sex-specific 99th percentiles

for high-sensitive troponin T from patients: an analytical
imprecision- and partitioning-based approach. Clin Chem Lab
Med 2018;56:818-829.

Chaulin AM. Main analytical characteristics of laboratory
methods for the determination of cardiac troponins: a review
from the historical and modern points of view. Orv Hetil
2022;163:12-20.

Chaulin AM, Duplyakov DV. High-sensitivity cardiac troponins:
circadian rhythms. Cardiovascular Therapy and Prevention
2021;20:2639. (In Russian)

Chaulin AM, Duplyakova PD, Duplyakov DV. Circadian rhythms
of cardiac troponins: mechanisms and clinical significance.
Russian Journal of Cardiology 2020;25(35):4061.

Liao XD, Wang XH, Jin HJ, et al. Mechanical stretch

induces mitochondria-dependent apoptosis in neonatal rat
cardiomyocytes and G2/M accumulation in cardiac fibroblasts.
Cell Res 2004;14:16-26.

Felker GM, Fudim M. Unraveling the Mystery of Troponin
Elevation in Heart Failure. J Am Coll Cardiol 2018;71:2917-
2918.

Communal C, Colucci WS. The control of cardiomyocyte
apoptosis via the beta-adrenergic signaling pathways. Arch
Mal Coeur Vaiss 2005;98:236-241.

Chen QM, Tu VC. Apoptosis and heart failure: mechanisms and
therapeutic implications. Am J Cardiovasc Drugs 2002;2:43-57.
Ricchiuti V, Apple FS. RNA expression of cardiac troponin

T isoforms in diseased human skeletal muscle. Clin Chem
1999;45:2129-2135.

Bergmann O, Bhardwaj RD, Bernard S, et al. Evidence for
cardiomyocyte renewal in humans. Science 2009;324:98-102.
Derks W, Bergmann O. Polyploidy in Cardiomyocytes:
Roadblock to Heart Regeneration? Circ Res 2020;126:
552-565.



636

Moderni pfedstavy o mechanismech uvolriovani srde¢nich troponint

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

White HD. Pathobiology of troponin elevations: do elevations
occur with myocardial ischemia as well as necrosis? J Am Coll
Cardiol 2011;57:2406-2408.

Docshin PM, Karpov AA, Eyvazova SD, et al. Activation of
Cardiac Stem Cells in Myocardial Infarction. Tsitologiya
2018;60:81-88. (In Russian)

Waring CD, Vicinanza C, Papalamprou A, et al. The adult heart
responds to increased workload with physiologic hypertrophy,
cardiac stem cell activation, and new myocyte formation. Eur
Heart J 2014;35:2722-2731.

Rovira M, Borras DM, Marques 1J, et al. Physiological Responses
to Swimming-Induced Exercise in the Adult Zebrafish
Regenerating Heart. Front Physiol 2018;9:1362.

Isomi M, Sadahiro T, leda M. Progress and Challenge of Cardiac
Regeneration to Treat Heart Failure. J Cardiol 2019;73:97-101.
Zhang Q, Yu N, Yu BT. MicroRNA-298 regulates apoptosis

of cardiomyocytes after myocardial infarction. Eur Rev Med
Pharmacol Sci 2018;22:532-539.

Weil BR, Young RF, Shen X, et al. Brief Myocardial Ischemia
Produces Cardiac Troponin | Release and Focal Myocyte
Apoptosis in the Absence of Pathological Infarction in Swine.
JACC Basic Transl Sci 2017;2:105-114.

Cheng W, Li B, Kajstura J, et al. Stretch-induced programmed
myocyte cell death. J Clin Invest 1995;96:2247-2259.

Weil BR, Suzuki G, Young RF, et al. Troponin Release and
Reversible Left Ventricular Dysfunction After Transient
Pressure Overload. J Am Coll Cardiol 2018;71:2906-2916.
El-Menyar A, Sathian B, Al-Thani H. Elevated serum cardiac
troponin and mortality in acute pulmonary embolism:
Systematic review and meta-analysis. Respir Med 2019;157:26—
35.

Daquarti G, March Vecchio N, Mitrione CS, et al. High-
sensitivity troponin and right ventricular function in acute
pulmonary embolism. Am J Emerg Med 2016;34:1579-1582.
Stone IS, Petersen SE, Barnes NC. Raised troponin in COPD:
clinical implications and possible mechanisms. Heart
2013;99:71-72.

Stavroulakis GA, George KP. Exercise-induced release of
troponin. Clin Cardiol 2020;43:872-881.

Singh K, Communal C, Sawyer DB, Colucci WS. Adrenergic
regulation of myocardial apoptosis. Cardiovasc Res
2000;45:713-719.

Xiao RP, Tomhave ED, Wang DJ, et al. Age-associated
reductions in cardiac beta1- and beta2-adrenergic responses
without changes in inhibitory G proteins or receptor kinases. J
Clin Invest 1998;101:1273-1282.

de Lucia C, Eguchi A, Koch WJ. New Insights in Cardiac
B-Adrenergic Signaling During Heart Failure and Aging. Front
Pharmacol 2018;9:904.

Hickman PE, Abhayaratna WP, Potter JM, Koerbin G. Age-
related differences in hs-cTnl concentration in healthy adults.
Clin Biochem 2019;69:26-29.

Kuster N, Monnier K, Baptista G, et al. Estimation of age-

and comorbidities-adjusted percentiles of high-sensitivity
cardiac troponin T levels in the elderly. Clin Chem Lab Med
2015;53:691-698.

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Schwartz P, Piper HM, Spahr R, Spieckermann PG.
Ultrastructure of cultured adult myocardial cells during anoxia
and reoxygenation. Am J Pathol 1984;115:349-361.

Siegmund B, Koop A, Klietz T, et al. Sarcolemmal integrity
and metabolic competence of cardiomyocytes under anoxia-
reoxygenation. Am J Physiol 1990;258(2 Pt 2):H285-H291.
Sheyin O, Davies O, Duan W, Perez X. The prognostic
significance of troponin elevation in patients with sepsis:

a meta-analysis. Heart Lung 2015;44:75-81.

Chen Y, Tao Y, Zhang L, et al. Diagnostic and prognostic value
of biomarkers in acute myocardial infarction. Postgrad Med J
2019;95:210-216.

Feng J, Schaus BJ, Fallavollita JA, et al. Preload induces
troponin | degradation independently of myocardial ischemia.
Circulation. 2001;103:2035-2037.

Lin NN, Cheng CC, Lee YF, et al. Early activation of myocardial
matrix metalloproteinases and degradation of cardiac
troponin | after experimental subarachnoid hemorrhage. J
Surg Res 2013;179:e41-e48.

Katrukha IA, Kogan AE, Vylegzhanina AV, et al. Thrombin-
Mediated Degradation of Human Cardiac Troponin T. Clin
Chem 2017;63:1094-1100.

Ito K, Hongo K, Date T, et al. Tissue thrombin is associated
with the pathogenesis of dilated cardiomyopathy. Int J Cardiol
2017;228:821-827.

Hessel MH, Atsma DE, van der Valk EJ, et al. Release of cardiac
troponin | from viable cardiomyocytes is mediated by integrin
stimulation. Pflugers Arch 2008;455:979-986.

Ross RS, Borg TK. Integrins and the myocardium. Circ Res
2001;88:1112-1119.

Khabbaz KR, Feng J, Boodhwani M, et al. Nonischemic
myocardial acidosis adversely affects microvascular

and myocardial function and triggers apoptosis during
cardioplegia. J Thorac Cardiovasc Surg 2008;135:139-146.
Thatte HS, Rhee JH, Zagarins SE, et al. Acidosis-induced
apoptosis in human and porcine heart. Ann Thorac Surg
2004;77:1376-1383.

Bakay M, Zhao P, Chen J, Hoffman EP. A web-accessible
complete transcriptome of normal human and DMD muscle.
Neuromuscul Disord 2002;12(Suppl 1):5125-5141.

Messner B, Baum H, Fischer P, et al. Expression of messenger
RNA of the cardiac isoforms of troponin T and | in myopathic
skeletal muscle. Am J Clin Pathol 2000;114:544-549.

Rusakov DY, Yamshcikov NV, Tulayeva ON, et al. Histogenesis
and pecularities of structural organization of the cardiac
muscle tissue un the walls of human caval and pulmonary
veins. Morphology 2015;148:38-42. (In Russian)

Bodor GS, Porterfield D, Voss EM, et al. Cardiac troponin-I is
not expressed in fetal and healthy or diseased adult human
skeletal muscle tissue. Clin Chem 1995;41(12 Pt 1):1710-1715.
Hammerer-Lercher A, Erlacher P, Bittner R, et al. Clinical

and experimental results on cardiac troponin expression in
Duchenne muscular dystrophy. Clin Chem 2001;47:451-458.
Schmid J, Liesinger L, Birner-Gruenberger R, et al. Elevated
Cardiac Troponin T in Patients With Skeletal Myopathies. J Am
Coll Cardiol 2018;71:1540-1549.



Prehledovy ¢lanek | Review article

Drug-induced pericarditis

Stefan Alusik?, Zoltan Paluch®«

2 Department of Internal Medicine, Postgraduate School of Medicine, Prague
bDepartment of Clinical Pharmacology and Pharmacy, General University Hospital, Prague
<St. Elizabeth University of Health and Social Work, St. J. N. Neumann Institute, Pfibram

INFORMACE O CLANKU

SOUHRN

Historie ¢lanku:

Vlozen do systému: 14. 3. 2022
PFijat: 27. 4. 2022

Dostupny online: 21. 11. 2022

Kli¢ova slova:

Ceritinib

Clorafabin

Clozapin

Dasatinib

Léky vyvolana perikarditida
Pentostatin

Sulfasalazin

Keywords:

Ceritinib

Clofarabine

Clozapine

Dasatinib

Drug-induced pericarditis
Pentostatin

Léky vyvolané perikarditidy nejsou casté, ale zdvazné onemocnéni, protoze pripadna tampondda perikardu
mUze ohrozit zivot pacienta. Vzhledem k tomu, Ze nabidka novych 1éka se neustale rozsifuje, zvysuje se
i podil léciv schopnych perikarditidu vyvolat. Autofi vyhodnotili prace s touto tematikou uvedené v data-
bézi PubMed a doplnili informacemi z databaze VigiBase. Ve svém ¢lanku autofi uvadéji soucasné poznat-
ky o mechanismech vzniku i stupni rizika vzniku léky vyvolané perikarditidy. Uvadéji relevantni informace
o jednotlivych lécich rozdélenych do sedmi skupin. U nékterych Iéciv je riziko vzniku perikarditidy vysoké
a pfi lécbé témito pripravky je nutné toto riziko brat v uvahu.
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ABSTRACT

Though not common, drug-induced pericarditis is a serious condition, since pericardial tamponade, should it
develop, may be life-threatening. As the number of drugs is constantly expanding, so does the proportion of
those capable of causing pericarditis. The authors reviewed the relevant literature in the PubMed database
and complemented it with information from the VigiBase database. In their article, the authors present
current knowledge about the mechanisms of origin and level of risk of drug-induced pericarditis and discuss
relevant information on individual drugs divided into 7 classes. Some medicines are associated with a high

Sulfasalazine

Introduction

Though a relatively frequent condition, epidemiological
data on pericarditis are scarce. An Italian observational
study, published in 2008, reported an incidence of acute
pericarditis of 27.7 cases per 100,000 person-years." The
incidence of hospitalization for acute pericarditis was
found to be 3.32 per 100,000 person-years. Acute peri-
carditis was behind 0.2% of all hospitalizations for car-
diovascular causes and less than 5% of admissions for
chest pain.*

Table 1 lists the most frequent causes of pericarditis,
which may be an isolated condition or a manifestation
of another, systemic disease.®> The cause of pericarditis
remains unexplained in up to 80-90% of cases and it is
assumed that the majority of them are of viral etiology.
This is apparently in contradiction with the low incidence
(1-2%) of viral pericarditis given in Table 1. This is because
virological tests (viral culture, serum antibody tests, and

risk of developing pericarditis, a fact to be taken into account when treating patients with these agents.

so on) are not performed on a routine basis as their use
would not be clinically informative. An exception of rou-
tine serological tests are those for human immunodefi-
ciency virus (HIV) and hepatitis C virus (HCV). Besides, most
cases of viral pericarditis resolve spontaneously.
Drug-induced pericarditis is a less common type of peri-
carditis.® Its mechanisms of development can be divided
into several types. The first type presents with clinical lu-
pus-like features including pericarditis.” The second type is
caused by a spectrum of allergic (esosinophilic) reactions.®
It was recently reported that an important role in the
pathogenesis of immune responses leading to the devel-
opment of pericarditis is played by natural (innate) lym-
phoid cells.® The third type of causative factors includes
agents with a potent cardiotoxic action'™' resulting in
myocardial injury and associated pericarditis. These cases
are referred to as myopericarditis or perimyocarditis if
pericarditis is the dominant feature. The fourth type com-
prises agents with which the mechanism of development
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Table 1 - Causes and estimated incidence of acute pericarditis.

Adapted from Khandaker.?

Cause Estimated incidence (%)
Idiopathic 85-90
Infective

Viral 1-2

Bacterial 1-2

Tuberculous 4

Fungal Rare

Parasitic Rare
Cancers 7
Systemic autoimmune disease 3-5
After cardiac or thoracic surgery Rare (< 1)
Aortic dissection Rare (< 1)
Chest injury/trauma Rare (< 1)
Chest irradiation Rare (< 1)
Side effects of drugs Rare (< 1)
Acute myocardial infarction 5-201
Myocarditis 30!
Uremia

Pre-dialysis 5

Post-dialysis 13

' Population-specific data.

of pericarditis is poorly understood. In some cases, the in-
dividual mechanisms may combine.

As the range of new drugs is constantly expanding, so
does the proportion of drugs capable of inducing pericar-
ditis. Examples include anti-TNF agents and a new class of
immunotherapy drugs called checkpoint inhibitors.

The aim of our study was:

e to explore the body of relevant knowledge about
drug-induced pericarditis currently available;

e to systematically review the current literature and
to provide the most recent concepts and data.

Methods

Relevant articles (exclusively English-language ones) for
our review were searched for in the PubMed database
using the keyword “drug-induced pericarditis”. The-
re were no limits in terms of age or sex of study parti-
cipants. Additional information about individual drugs
was obtained from VigiBase, the global WHO database
of suspected adverse reactions (Uppsala Monitoring Cen-
tre, Sweden).

Results

Upon entering the above keyword, the search in the Pu-
bMed database produced a total of 496 papers (of which

number 357 were full-text articles) published between
January 1, 1961 and January 7, 2022. The overwhelming
majority (270) were case reports describing one or several
patients. The number included 88 reviews, 5 systematic
reviews (focused on individual agents such as clozapine
and colchicine, use of non-steroidal anti-inflammatory
drugs in myocarditis, cardiovascular manifestations in
inflammatory bowel disease and cardiovascular adverse
effects [AEs] of herbal remedies). The search identified 8
clinical trials (with half of them conducted before 2000),
of which number 3 were Phase 1 trials. The largest num-
ber of studies® were related to oncology, 2 concerned
a topic in cardiology while 1 dealt with treatment of pa-
tients with HIV. The Phase | studies involved trials with
lexatumumab (n=24), quizartinib (n=19) and SCH 532706
(a chemokine receptor-5 [CCR5] antagonist) (n=12); all 3
trials reported pericarditis in one case each. The topic of
pericarditis was not addressed in any of the 3 meta-ana-
lyses found.

The numbers of reported cases of pericarditis as an AE
with individual drugs are given in Table 2.

Relevant information about individual pericarditis-
inducing agents is provided separately for the 7 groups.

Discussion

There is only scant literature, mostly case reports, ad-
dressing the topic of drug-induced pericarditis, which
makes it difficult, if not impossible, to determine the
frequency of this AE attributable to individual drugs,
hence being mostly rough estimates. Even data from
AE registries are not more specific. The numbers of AEs
reported from developing countries are very low, e.g.,
less than 1%. However, even in industrialized nations,
the numbers of reported AEs are about 5%, or 10% at
most, with the implication that at least 90% of AEs go
unreported.

Clinical trials are very few and none designed specifi-
cally to explore this issue. Our search identified only 4
trials in the PubMed database published after the year
2000, of which number 3 were Phase | trials enrolling only
a small number of participants. The newer agents associ-
ated with a more frequent incidence of pericarditis (im-
mune checkpoint inhibitors) should presumably undergo
clinical trials focused on this particular topic. The text
below presents the current knowledge about individual
pericarditis-inducing drugs.

Anti-infective agents

Among antibiotics, pericarditis was reported after the
use of penicillin'? and tetracycline derivatives, in particu-
lar after minocycline.'*' Piette et al.” described AEs of
minocycline in 4 patients. While, in one patient, the AE
manifested itself as lupus-like syndrome, the other three
experienced hypersensitivity reactions with eosinophilia
and dominant involvement of other organs.

Among anti-tuberculosis drugs, pericarditis occurred
most often after isoniazid'® whereas the condition was
most frequently associated with the chemotherapeutic
agent co-trimoxazole."” Pericarditis (and pleuritis) can
also develop after treatment with the antifungal agent
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Table 2. Drugs of various classes most often inducing pericarditis

Class of drugs Medication Incidence of pericarditis VigiBase*
(%) (pericarditis + pleural
effusion)

| Anti-infective agents Minocycline 0.01-1,0 27 +10
Co-trimoxazole 0.01-0.1 20 + 25
Interferon 0.01-1,0 2+1

Il Anti-inflammatory drugs Sulfasalazine 0.01-0.1 63+ 19
Adalimumab 0.01-0.1 263 + 374

Il Antihypertensive drugs Hydralazine 5 28 + 61
Minoxidil 3 61+ 199
Methyldopa NA 7+3
Enalapril Rare 4+7
Lisinopril Rare 11+ 38

IV Anticoagulants Apixaban Rare 16 + 132/142/85%*
Dagibatran Rare 34 + 288/293/286
Rivaroxaban 0.02 32 +250/435/173
Streptokinase 1 4+ 11/22/7

V Anti-cancer drugs 5-fluorouracil 1.4 50 + 43
Clofarabine 8-39 10 + 29
Carfilzomib Upto 1 19 + 27
Bortezomib 1 25+ 67
Dasatinib 29 41 + 507
Pentostatin 1-10 2+5
Ceritinib 4-6 21+25

VI Neuroleptic (anti-psychotic) agents Clozapine NA 466 + 570

VIl Others Bromocriptine Rare 10+8
Dantrolene Rare 4+7

Vaccines Comirnaty (COV-19) +
Spikevax NA 9,215/1,840%**

Notes: * Numbers of reported cases of pericarditis and pericardial effusion as adverse effects of drugs in the WHO VigiBase system in Upp-
sala, Sweden since the time of introduction of each of the above drugs. ** In the class of anticoagulants (VI), the third and fourth numbers
give the numbers of cases of hemorrhagic pericardium and pericardial tamponade, respectively. *** Data applicable to both vaccines. NA,

not available.

itraconazole; however, the dominant clinical features in-
clude congestive heart failure, fluid retention and arterial
hypertension.'®

Regarding antiviral drugs, pericarditis has been re-
ported after treatment with interferon.” The authors
observe that pericarditis can develop through two
mechanisms, either an autoimmune or a cardiotoxic ef-
fect. Pericarditis can also be induced by ribavirin and this
AE is included in its Summary of Product Characteristics
(SmPC hereinafter) as a rare one. When treating patients
with hepatitis C, ribavirin is co-administered with inter-
feron making it difficult to determine, which of the two
agents, and to what extent, contributes to the devel-
opment of pericarditis. There was also a report linking
other antiviral drugs (ledipasvir/sofosbuvir combination)
to myopericarditis.?°

Anti-inflammatory drugs

The mainstay of treatment of inflammatory bowel dis-
ease had long been sulfasalazine (5-aminosalicylate [5-
ASA] + sulfapyridine). Given its AEs (myocarditis, peri-
carditis, myopericarditis),?' sulfasalazine was replaced by
5-aminosalicylic acid alone also known as mesalazine or
mesalamine. However, it later turned out that mesalazine
can also cause pericarditis and myocarditis.?>?* Olsalazi-
ne, a prodrug of mesalazine, is a substance cleaved in the
colon into 2 active molecules of 5-ASA; hence, it can also
induce pericarditis. This usually occurs within 2-4 weeks
of therapy initiation, or even later when co-administered
with glucocorticoids. The mechanisms of its AEs include,
in particular, IgE-mediated hypersensitive reaction, a di-
rect cardiotoxic effect, cell-mediated hypersensitivity and
hormonal antibody activity. Pericarditis will gradually re-



640

Drug-induced pericarditis

solve upon therapy discontinuation. A detailed review of
this issue was recently published by Patel et al.?*

Regarding the newer anti-inflammatory drugs, peri-
carditis has been linked to the use of anti-TNF drugs, in
particular adalimumab, infliximab, and etanercept, with
the most recent additions being certolizumab and golim-
umab.?2 Pericarditis can develop as early as one to sev-
eral months of therapy. In addition to immune factors,
pericarditis can also be caused by infection (increased
infection rates were observed during treatment with
anti-TNF agents). The infectious cause of pericarditis as
a complication of therapy has been most often linked to
treatment with adalimumab.

Antihypertensive drugs

Pericarditis associated with the use of antihypertensive
agents has been reported after older agents such as mi-
noxidil, methyldopa, and hydralazine. Pericardial effusi-
on, with an incidence of about 3%, has been shown to
resolve after therapy discontinuation.?’ Methyldopa-in-
duced pericarditis is most often considered a component
of lupus-like syndrome?® and is also listed as an AE in the
SmPCs. A similar mechanism has been incriminated in the
development of pericarditis during therapy with hydra-
lazine.? Risk factors include higher-dose hydralazine and
therapy duration of more than 3 months. There have
been rare reports of pericarditis developing in patients
receiving ACE inhibitors.303!

Anticoagulants
Pericardial bleeding is a rare AE of anticoagulant drugs
and thrombolytic agents.??32 While the problem is hemo-
pericardium in most cases, in terms of hemodynamics it
behaves like effusion in the other types of pericarditis
including cardiac tamponade; hence, this topic is often
addressed in the context of pericarditis.®

A meta-analysis of 6 randomized clinical trials (45,995
patients treated with apixaban, dabigatran, edoxaban
or rivaroxaban and 32,905 patients treated with vitamin
K antagonists) showed that the incidence of pericardial
bleeding was very low being 0.02% in either group.3* Sim-
ilarly, thrombolytic therapy of acute myocardial infarction
was linked to pericardial bleeding in 1% of thrombolysis-
treated patients.?® By contrast, Table 2 shows unusually
high rates of pericardial tamponade compared with the
total of reported cases of pericarditis and pericardial ef-
fusion in this patient subpopulation.

Anti-cancer, inmunosuppressive,

and immunomodulatory agents

Among the older agents, pericarditis can be induced by
cyclophosphamide and busulfan, alkylating agents who-
se cardiotoxic action was documented a long time ago.
Cyclophosphamide-induced pericarditis was described
as early as 1976 as a component of severe toxic injury
to the myocardium,3 often associated with high mor-
tality rates. Busulfan has been incriminated in cardiac
tamponade in children diagnosed with thalassemia. In
an ltalian study with 400 participants, eight children
(2%) undergoing bone marrow transplantation and
chemotherapy developed cardiac tamponade resulting
in 6 deaths.’” Late pericarditis developing after stem cell

transplantation is believed to be due to graft-versus-
-host disease (GVHD).

5-fluorouracil is just another substance shown to ex-
ert a cardiotoxic effect and, in addition to myocardial
injury, it can induce pericarditis.®® In an analysis of 377
fluorouracil-treated patients, pericarditis was diagnosed
in only 1.4% of patients.*® Capecitabine is an oral fluoro-
uracil precursor with AEs similar to those occurring with
fluorouracil.®

In the class of antimetabolites, pericarditis (mostly to-
gether with left ventricular dysfunction) was diagnosed
after clofarabine (a purine analog),*' cytarabine,*? and
azacitidine (pyrimidine analogs).”* Pericarditis tends to
occur on multiple doses of these agents.

Among the other antimetabolites (pyrimidine ana-
logs), a cardiotoxic effect including pericarditis has been
shown for gemcitabine.* Cardiotoxicity including peri-
carditis has also been documented with taxans (docetax-
el)® and anthracyclines (daunorubicin, idarubicin). In
a group of 171 children treated with anthracyclines for
lymphoblastic leukemia, pericarditis was diagnosed in 14
(8.19%).%¢ Pentostatin is a purine analog reducing CD4* T
cells used in the treatment of hairy cell leukemia. Its AEs
include pericarditis listed also in its SmPC.

Similarly, pericarditis can be induced by the protea-
some 26S inhibitors and immunomodulators carfilzomib
and bortezomib used in the treatment of myeloma;* 48
however, its incidence is generally below 1%.

Another class of anti-cancer agents inducing peri-
carditis and pericardial effusion are BCR-ABL tyrosine
kinase inhibitors, in particular imatinib, nilotinib, da-
satinib, and bosutinib. Pericardial effusion can also
develop as a feature accompanying pleuropericarditis.
With dasatinib, pleuritis was reported in 10-35% of
patients and co-existing pericarditis in up to 29% of
patients.* However, these often quoted data in the lit-
erature were obtained in a relatively small group of pa-
tients (n = 138). The mechanism of effusion formation
is drug-induced serositis.*® Symptoms of serositis may
not present until within 3 weeks to 2 years of therapy
initiation.

Among the class of ALK tyrosine kinase inhibitors,
pericarditis has been linked to treatment with ceritinib.
In a group of 925 ceritinib-treated patients included in
7 clinical trials, pericarditis was reported in 5.8% making
it a frequent AE.>' In another clinical trial enrolling 189
patients, pericarditis was diagnosed in 4.2% of partici-
pants.>?

Pericarditis has also been reported in patients receiv-
ing immune checkpoint inhibitors used in the treatment
of a variety of cancers.> Although myocardial injury is
more severe with this therapeutic option (high mortal-
ity, 25-50%), pericarditis combined with tamponade can
also be a life-threatening condition. In a retrospective
study, patients treated with checkpoint inhibitors were at
a fourfold higher risk of developing pericarditis compared
with a control group of cancer patients not receiving this
treatment.> The incidence of pericarditis is not high and
the condition is diagnosed in some 1.5% of patients. Peri-
carditis has been reported in those treated with ipilim-
umab?®> and nivolumab® as well as other agents of this
class of drugs, often used in combination.
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In the class of immunosuppressive agents, pericardi-
tis was reported in patients treated with leflunomide;’
however, its occurrence is rare, developing and present-
ing more often after methotrexate. In cancer patients re-
ceiving methotrexate, serositis symptoms are present in
up to 5-12% of patients®® with the risk rising on multiple
dosing. The prevailing condition is pleuritis combined,
less often, with pericarditis, and even less frequently with
peritonitis. In a group of 168 methotrexate-treated fe-
male patients, serositis was reported in 42 (25%) subjects,
with pericarditis recorded in only one.>

Out of immunomodulators employed in the treatment of
multiple sclerosis, pericarditis, and pleuritis were diagnosed
in 2% and 0.8%, respectively, of linomide-treated patients.
By contrast, pericarditis was diagnosed in only 2 patients en-
rolled in a clinical trial of laquinimod. While, in one case,
the diagnosis of pericarditis was questionable, in the second
case, a causal relation with laquinimod is doubtful.®

Neuroleptic (antipsychotic) agents

Clozapine is an agent used frequently in the treatment
of resistant forms of schizophrenia. A literature report
suggested that clozapine-induced pericarditis can de-
velop within a long range of 9 days to 7 years of the-
rapy initiation, but most often between 3 and 5 weeks
from the start of therapy.5' Pericarditis is a relatively rare
condition. While its incidence is unclear, there are rela-
tively many case reports on this topic (see a summary in
reference 61). A Danish retrospective study did not find
a single case of pericarditis within an interval of 2 mon-
ths of therapy initiation.®2 A condition far more serious is
myocarditis (0.7-3%), which can develop within 2 months
of therapy initiation. A grim prognosis is associated with
cardiomyopathy (chronic contractile impairment) not de-
veloping until several months of therapy and reported to
have high mortality rates of 12.5% to 24%.%

Agents with a chemical structure similar to that of
clozapine include quetiapine and olanzapine, with both
implicated in the development of pericarditis, or even
constrictive pericarditis in the case of quetiapine.®*® The
effusion is presumably due to the immune response to
the agents administered; the patients often present with
eosinophilia and elevated levels of inflammatory mark-
ers; the condition resolves upon therapy discontinuation.

Other classes of drugs

Ergot derivatives

Bromocriptine is used especially in the treatment of acro-
megaly and hyperprolactinemia-related conditions. Its
AEs include profibrotic activity affecting various parts
of the body (heart valves, retroperitoneum, lungs, and
pleura, pericardium). Pericardial fibrosis can progress to
constrictive pericarditis,®® which occurs rarely and is listed,
e.g., in its SmPC. Pericarditis can also be induced by other
substances of this class of drugs such as lisuride, caber-
goline, pergolide, and the antimigraine agent methyl-
sergide.®’ Constrictive pericarditis has also been associa-
ted with methamphetamine.®®

Muscle relaxant
Dantrolene is a muscle relaxant potentially inducing eosi-
nophilic pleural and pericardial effusion.®

Ephedra

Ephedra (Ephedra L.) is an herb containing substances
with a potent pharmacological and/or psychoactive ac-
tion. Its main alkaloids are ephedrine and pseudoephedri-
ne with a strong sympathomimetic effect. The herb is
used as a dietary supplement (tea) to lose body weight, to
improve physical appearance or airway patency. Adverse
effects include myocarditis and cardiomyopathy and, less
often, myopericarditis.”®72

Vaccines

Pericarditis may pose a complication post-vaccination
(especially when using live virus vaccines), most often
after vaccination against hepatitis B, varicella and DiTe-
Pe (diphtheria, tetanus, and pertussis). Development of
myopericarditis has been reported rarely, but literature
data are often discrepant. In a study by Eckart et al.,” the
incidence of myopericarditis was 12/100,000 of those va-
ccinated against varicella. By contrast, in a study by Kuntz
et al.,”* the estimated incidence was as low as 0.24/100 000
vaccinees. This was explained by the more modern type
of vaccines and smaller number of AEs. Engler et al. re-
ported an incidence of myopericarditis of 463/100,000
those vaccinated against varicella.” The authors of the
latter study employed more sensitive techniques of exa-
mination including cardioselective enzymes and showed
that, in a considerable proportion of patients, myoperi-
carditis can follow a subclinical course suggesting a lon-
ger-term study with these patients is warranted. Like-
wise, myopericarditis and pericarditis can be induced by
COVID-19 vaccines, although this is a rare scenario.’® In
a cohort of 2.000,287 vaccinees, pericarditis was diagno-
sed in a total of 37 individuals (15 and 22 after the first
and second dose, respectively); overall, these numbers
translate into an incidence of 1.8 cases of pericarditis
per 100,000 vaccinees.””’® This complication is experien-
ced mainly by younger individuals and follows a benign
course in most cases. The question also necessarily aris-
es how often the course is asymptomatic. Likewise, it is
unclear whether the myopericarditis is induced by the
virus per se or is due to the immune response to the va-
ccine; however, the condition is diagnosed more often
after mRNA vaccines.

Conclusion

While generally not frequent, drug-induced pericarditis
requires the attention of any prescribing or attending
physician. Literature data are scarce and are based most-
ly on case reports, with the incidence of complications
associated with individual drugs being only rough esti-
mates. As the spectrum of novel drugs increases, so does
the risk of development of pericarditis. When prescribing
some newer drugs (anti-TNF agents, immune checkpoint
inhibitors, and others), the potential of development of
pericarditis during therapy should be taken into account
and the physician should be aware of this complication
and risk of tamponade. Drugs associated with a higher
incidence of pericarditis should undergo specific clinical
trials to explore the issue of adverse effects in as great
detail as possible.
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dudlni blokdda RAAS pomoci kombinovaného uzivani inhibitorl ACE, blokétordi
receptordi pro angiotenzin |1 nebo aliskirenu. Dale je tfeba dbat zvySené opatrnosti
pfi kombinaci s baklofel alopurinolem. Kombinace, jeZ je nutno vzit v vahu:
Jiné antihypertenzni léky, imipraminova antidepresiva, neuroleptika, baklofen
a amifostin mohou zvy3it antihypertenzni Ucinek. Ortostaticka hypotenze mize
byt potencovana alkoholem, barbiturdty, narkotiky nebo antidepresivy. Opatrnosti
je dale tfeba pfi kombinaci s metforminem (riziko laktatové acidézy), jodovanymi
kontrastnimi  latkami, vapnikem, cyklosporinem, takrolimem a kortikosteroidy.
Upozoméni: Lécba nesmi byt zahajena béhem téhotenstvi. Jestlize je zjiSténo
tehotenstvi, musi byt [écba pfipravkem ihned ukoncena. Pacient(im s oboustrannou
stendzou renalni arterie nebo se stendzou arterie zasobujici jedinou funkéni
ledvinu hrozi béhem Lécby zvysené riziko tézké hypotenze a renalni nedostatecnost.
Thiazidim podobnd diuretika jsou plné i¢innd pouze pfi normalni nebo minimalné
snizené funkci ledvin. U pacientd s poruchou renalnich funkci uzivajicich
telmisartan se doporucuje sledovani kalemie a kreatininemie. U pacientd
s primarnim aldosteronismem se lécba telmisartanem nedoporucuje. Je treba
vénovat zvySenou pozornost pacientdm trpicim stenézami aortalni nebo mitralni
chlopné nebo obstrukéni hypertrofickou kardiomyopatii. Pravidelné sledovani
hladiny glukézy v krvi je dulezité u diabetiki. U pacientd, jejichz cévni tonus
a renalni funkce zaviseji prevazné na aktivité RAAS (napf. u pacientl se zavaznym
méstnavym srdecnim selhanim nebo u pacient( s privodnim onemocnénim
ledvin, vcetné stendzy renalni arterie), miize byt léba spojena s akutni hypotenzi,
hyperazotémii, oligurii nebo vzacnéji i s akutnim selhanim ledvin. U pacientd
s poklesem intravaskulamiho objemu nebo koncentrace sodiku (napr. v disledku
diuretické terapie, omezovani soli v dieté, prijmd nebo zvraceni) se zejména po
prvni davce telmisartanu/indapamidu mize objevit symptomaticka hypotenze.
Natrémii je nutno stanovit pfed zahajenim Lécby a pravidelné kontrolovat, Castéji
u starsich pacientd a u pacientdi s cirhdzou jater. U rizikovych pacientd z hlediska
hyperkalemie se doporucuje kalemii monitorovat. Je tfeba zabranit vzniku
hypokalemie, zejména u vysoce rizikovych skupin pacientd, tj. u starsich pacientd,
podvyzivenych pacientd a/nebo nemocnych osob, uzivajicich fadu lékd soucasng,
u cirhotikd s otoky a ascitem, u pacienti s onemocnénim koronarnich tepen,
pacient( se srdecnim selhanim a osob s dlouhym QT intervalem.V téchto pfipadech
Je tfeba Castéji kontrolovat a korigovat kalemii, stejné jako u pacientd uzivajicich
srdecni glykosidy nebo Latky zpisobujici torsade de pointes. Pipravek mdze zplsobit
prechodné zvyseni hladin vapniku v plazmé. Skutecna hyperkalcemie muze byt
vysledkem nerozpoznané hyperparatyredzy. U nemocnych se zvyenou hladinou
kyseliny mocové hrozi zachvat dny. Sulfonamidy nebo derivaty sulfonamidd mohou
zplisobit idiosynkratickou reakci vedouci k choroidalni efuzi s defektem zorného
pole, prechodné myopii a akutnimu glaukomu s uzavrenym dhlem. Pfi nadmérném
snizeni krevniho tlaku u pacientd s ischemickou kardiopatii nebo s ischemickou
chorobou srdecni miize dojit k infarktu myokardu nebo k cévni mozkové pfihodé.
Davkovani a zpiisob podani: Doporucena davka je jedna tableta denné. Pri tézké
poruse funkce ledvin (clearance kreatininu pod 30 ml/min), u hemodialyzovanych
pacient( a pfi tézké poruse funkce jater je pripravek kontraindikovan. U pacientd
s lehkou az stfedné tézkou poruchou funkce jater je nutna Uprava davkovani
a davka telmisartanu nemd prekrocit 40 mg telmisartanu denné. Tablety se uZivaji
pred jidlem, béhem jidla nebo po jidle s trochou tekutiny. Zvlastni opatfeni pro
uchovavani: Uchovavejte v plvodnim obalu, aby byl pripravek chranén pred
svétlem. Baleni: 30 tablet po 80 mg / 2,5 mg. Datum revize textu: 30. 8. 2022.
S podrobnéjsimi informacemi o pripravku se seznamte v SPC. Pripravek je vazan
na lékafsky predpis a je hrazen z prostfedkd zdravotniho pojisténi. Vijrobce
a drzitel rozhodnuti o registraci: PROMED.CS Praha ass., Teltska 377/1, Michle,
140 00 Praha 4, Ceska republika.
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Digitalni technologie se jiz staly soucasti mediciny. Néstroje pro vyhledavani, screening, diagnostiku a mo-
nitorovani parametrd souvisejicich se zdravim zlepsily péci o pacienty a jedincdm umoznily seznamovat se
s nejrliznéjsimi otdzkami vedoucimi k Gcinnéjsi péci o vlastni zdravi. PFistrojové technika oznacovana sou-
hrnné slovem nositelna elektronika (wearables) ma v sobé vestavéna cidla (senzory) a dokaze méfit télesnou
aktivitu, srdecni frekvenci a rytmus i hodnoty glykemie a elektrolytd. U jedinch s rizikem mohou byt nosi-
telnd elektronika a dalsi pfistroje uzitecné, protoze umoznuji casné odhalit fibrilace sini nebo subklinicka
stadia kardiovaskularnich onemocnéni, ovliviiovat svdj zdravotni stav i svoje kardiovaskuldrni onemocnéni,
jako jsou hypertenze a srdeéni selhéni, i upravovat vlastni Zivotospravu. Udaje o zdravi Ize ziskavat z ne-
preberného mnozstvi zdrojl, konkrétné z klinického i laboratorniho vySetfeni, z vySetfeni zobrazovacimi
metodami, z genetickych profild, z nositelné elektroniky, implantabilnich pfistrojd, raznych méfeni spousté-
nych samotnym pacientem, i ze socialnich siti a zdroj( z vnéjsiho prostfedi. Pro Gcinny sbér a vybér cennych
informaci z tohoto neustale se zvétsujiciho objemu nejriznéjsich udajll je nutna uméld inteligence, ktera
rovnéz pomahd s jejich interpretaci. Ve skutecnosti neni problémem ziskavani digitalnich informaci, ale spis
racionalni nakladéni s nimi a jejich analyza. Existuje dlouha fada zainteresovanych skupin a stran Ucastnicich
se vyvoje a ucinného vyuzivani digitalnich néstroju. | kdyz se potreby téchto skupin a stran mohou lisit, maji
i mnoho spolecného vcetné prani zachovavat soukromy charakter a zabezpeceni udajd, potfebu srozumi-
telnych, divéryhodnych a transparentnich systémd, standardizovanych procest hodnoceni systéma regulace
a thrad a dokonalejsich zptsobu rychlého posouzeni hodnoty tdaju.

ABSTRACT

Digital technology is now an integral part of medicine. Tools for detecting, screening, diagnosis, and mo-
nitoring health-related parameters have improved patient care and enabled individuals to identify issues
leading to better management of their own health. Wearable technologies have integrated sensors and can
measure physical activity, heart rate and rhythm, and glucose and electrolytes. For individuals at risk, wear-
ables or other devices may be useful for early detection of atrial fibrillation or sub-clinical states of cardio-
vascular disease, disease management of cardiovascular diseases such as hypertension and heart failure, and
lifestyle modification. Health data are available from a multitude of sources, namely clinical, laboratory and
imaging data, genetic profiles, wearables, implantable devices, patient-generated measurements, and social
and environmental data. Artificial intelligence is needed to efficiently extract value from this constantly
increasing volume and variety of data and to help in its interpretation. Indeed, it is not the acquisition
of digital information, but rather the smart handling and analysis that is challenging. There are multiple
stakeholder groups involved in the development and effective implementation of digital tools. While the
needs of these groups may vary, they also have many commonalities, including the following: a desire for
data privacy and security; the need for understandable, trustworthy, and transparent systems; standardized
processes for regulatory and reimbursement assessments; and better ways of rapidly assessing value.



M. Téborsky et al.

647

Graficky abstrakt

Spole¢né navrhovani |
a realizace viech
uvedenych aspektl

Poskytovatelé
zdravotni péce
Dlvéryhodné, transparentni
a dokonale integrované
systémy

Pacienti

Edukace, informace, podpora,

. zachovani soukromi a bezpecnosti
udaju. Pristup ke zdrojim digitalni
diagnostiky

Pramysl/vyvojafi
Standardizovany proces sbéru
udaju. Lepsi znalost systému
\\ regulace a hrad. Metody

sdileni udajd respektujici
néaklady na vyvoj

-
N

Zékladni potreby zainteresovanych skupin a stran podilejicich se na digitalni zdravotni péci

Uvod

Neni pochyb o tom, Ze digitdIni technologie zménily svét,
v némz zijeme. V oblasti mediciny zkvalitnily rizné pfistroje
pro zachyt, screening a diagnostiku onemocnéni i monitoro-
vani rlznych stava pédi o pacienty, jednou z nejvétsich zmén
vsak je moznost pro zdravé i nemocné jedince pouzivat tyto
technologie k ucinnéjsimu ovliviiovani svého zdravotniho
stavu i Zivotosprdvy. Lze pozorovat vyvoj v uvazovani, od
uzavienych systém (shora dold), smérem k otevienym (pro-
pojenym) sitim. To mUze platit obzvlasté v oblasti zdravotni
péce, kde se pacienti obecné stali stale aktivnéjsimi ucastniky
Usili 0 udrzovani a zlepsovani svého zdravotniho stavu. Vztah
pacient-lékar se méni z hierarchického, institucionalizované-
ho systému na systém spoluprace a sdileného rozhodovani.
Pacienti mohou ziskavat informace na téma zdravi a jistou
napovédu v tomto ohledu, aby se dokazali vyznat v poten-
cidlné matouci zaplavé rlznych zdroju vcéetné webovych
strdnek, zdravotnické dokumentace, online pacientskych
skupin vcetné socialnich médii, pfistroju automaticky mo-
nitorujicich rizné parametry pacienta v domacim prostredi,
i aplikaci v chytrych mobilech (tzv. zdravi v mobilu), a ne pou-
ze z tradi¢nich zdravotnickych systémU nebo od pracovnik(
ve zdravotnictvi. Pfinos toho vieho je potencidlné obrovsky,
vyZaduje vSak aktivni Ucast pacientll a komunikaci mezi pa-
cienty a jejich lékafi, stejné jako flexibilitu, transparentnost,
dlvéru a vhodné nastaveny uhradovy systém.

Z pacientl se stdvaji digitalni partnefi; nékdy se o nich
hovofi jako o ,e-pacientech”; jedinci sami zachycuji prvni
zndmky onemocnéni, sami si stanovuji diagndzu, sami o sebe
nasledné pecuji, a stale vice ocekavaji, ze se budou podilet
i na rozhodovani. V pfipadé chronickych onemocnéni a one-
mocnéni souvisejici s Zivotospravou usnadriuji zdravotnické
mobilni aplikace sebepéci. Navic béhem nékolika let mohou

centra pro stanovovani diagnézy samotnymi pacienty do vel-
ké miry nahradit tradi¢ni diagnostickou infrastrukturu. Oba-
vy nicméné neustale vyvolavaji otdzky tykajici se sbéru uda-
ja, jejich ukladani a pfistupu k nim vcetné otazek zachovani
soukromi a divérného charakteru udaju (at jiz skute¢ného,
nebo domnélého). Déle slozitost Udaja a informaci z riznych
zdrojl vyzaduje dokonalou znalost rtznych aspektt eduka-
ce jak pacientd, tak zdravotnikd. Zdravotnik je naprosto ne-
zbytny pro interpretaci Udajl a posouzeni potencidlnich rizik
a pripadné Ujmy na zdravi v souvislosti s jakymkoli rozhod-
nutim o lécbé kazdého jednotlivého pacienta. Absence zna-
losti, omezeny pfistup ke zdravotni péci i omezena dostup-
nost spotiebni nositelné elektroniky kvali pomérné vysokym
cenam muze vést k nerovnosti v oblasti péce o vlastni zdravi.

Pandemie onemocnéni covid-19 podstatné urychlila zava-
déni digitalnich technologii do bézné praxe. Napfiklad v pra-
zkumu mezi evropskymi elektrofyziology jich 65 % uvedlo,
Ze nové zacali pouzivat pfistroje pro dalkové monitorovani
v oblasti kardiologie implantované jesté pred pandemii. Na-
vic Udaje z Anglie prokazaly, Ze pocty telekonzultaci (online
konzultaci) se vice nez zdvojnasobily, kdyZz vzrostly pfiblizné
z 850 000 na > dva miliony za tyden v prvnich mésicich pan-
demie. Podobné i ve Francii predstavovaly telekonzultace,
v dobé jejich maximalniho vyuzivani, 27 % vsech konzulta-
ci, a zatimco byl u nich nasledné zaznamenan jisty pokles,
Ize z Udajl usuzovat, Ze budou pravdépodobné i déle vyu-
zivany vice nez pred pandemii. Pfetrvavajicimi prekazkami
vyuzivani obrovského potencidlu téchto novych technologii
pro zlep3eni klinického stavu pacienta a rozsifeni zkusenos-
ti s péci jsou v soucasné dobé nedostatecna infrastruktura,
podpora a snad nejvice nedostate¢na uhrada nakladu.

Digitélni technologie jsou dnes jiz zakladni soucasti
zdravotni péce a tato oblast zazivd obdobi trvalého roz-
voje a promén.
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Obr. 1 - Prehled nékterych typa chytré nositelné elektroniky, na které casti téla se nosi nebo pripeviiuji, jaké jsou senzory a mérené para-
metry. ZaloZeno na citacich. Pfehled neni vycerpavajici. Parametry sledované fotopletysmograficky (photoplethysmography, PPG): SF, HRR,
HRV, TK méfeny bez pouZiti manzety, Sa0,, srdecni vydej, tepovy objem, detekce srdecniho rytmu podle pulsu a spanek a jeho stadia. EKG
- elektrokardiogram; GPS - navigacni systém Global Positioning System; HRR - zotaveni srde¢ni frekvence (heart rate recovery); HRV - vari-
abilita srde¢ni frekvence (heart rate variability); PPG - fotopletysmografie (photoplethysmography); Sa0, - saturace krve kyslikem (oxygen

saturation); SF — srde¢ni frekvence; TK - krevni tlak.

Zdravotnicky systém potrfebuje zajistit odpovidajici
edukaci a podporu pro vsechny zucastnéné strany. Na du-
kazech zalozené pouzivani digitalnich technologii se musi
stdt soucasti doporucenych postupl a regulacni urady
museji urychlené vypracovat jednoznac¢né standardy pro
jejich hodnoceni a orienta¢ni pokyny pro jejich pouzivani.

Tento dokument je vysledkem prezentaci a debat
v ramci virtuadlniho workshopu, akce oznacené jako Ku-
laty stal na téma kardiovaskuldrni zdravi (Cardiovascular
Round Table, CRT), kterou v fijnu roku 2021 zorganizo-
vala Evropskd kardiologicka spole¢nost (European Society
of Cardiology, ESC). Cilem této akce bylo zkoumat pfinosy
a ukoly spojené s riznymi postupy v oblasti digitaIni zdra-
votni péce z pohledu fady zucastnénych stran véetné pa-
cientd, pracovnikd ve zdravotnictvi, vyrobcu léciv a zdra-
votnickych prostfedkd i technologii, spolecnosti vyrabéji-
cich pFistroje a prostifedky pro bézné zakazniky, spole¢nos-
ti zabyvajicich se technickymi feSenimi, spravci nemocnic,
specialist na zdravotnické systémy, regulac¢nich uradu
a odbornych lékarskych spolecnosti.

Digitalni reSeni v oblasti arytmii
a srdecniho selhani

Terminologie pouzivana v kontextu digitalniho zdravi se
neustdle vyviji. Zasahuje do oblasti tréninku a edukace
pres internet, dalkového monitorovani, telemediciny i tzv.
zdravi v mobilu (tedy nositelnou elektroniku pro bézné
spotrebitele a aplikace pro chytré telefony). Dalkové mo-

nitorovani zajistuje prenos udajl od pacientl k lékarim
v klinické praxi s naslednou interakci pacienta a lékare
pres telefon nebo internet pfi prekroceni predem nasta-
venych prahovych hodnot pro vyslani varovného signalu,
a pouze vzacné osobni navstévu pacienta. Pojem digitalni
zdravi zahrnuje i sbér, sdileni a interpretaci udajl pro de-
tekci rznych poruch a vypracovani strategii pro zlep3ova-
ni zdravi jak jedincd, tak skupin pacientu.

Chytra nositelna elektronika a jeji uplatnéni

v péci o kardiovaskularni zdravi celého
kardiovaskularniho systému

Nositelna elektronika pouziva nejriznéjsi senzory (snima-
Ce), jako jsou akcelerometry, barometry, elektrokardio-
grafy, oscilometry a fotopletysmografy. Obrazek 1 pfinasi
prehled nékterych chytrych pfistrojd, které Ize nosit na
téle, typy senzord, i parametry, které méfi.

Prokazana uzitecnost u arytmii a srdecniho selhani

Pouzivani pfristrojl, jako jsou implantabilni elektronické
pfistroje v kardiologii (cardiovascular implantable electro-
nic device, CIED) s dalkovym monitorovanim, se ukazalo byt
pfinosnym pfi zachytu arytmii véetné snizeni poc¢tu navstév
Iékafe v ordinaci/nemocnici i nevhodnych vybojl, dfivéjsi-
ho zjisténi poruchy nebo chybné funkce pfristroje a kratsi
doby do rozhodnuti Iékare v klinické praxi. Byla prokazana
i bezpecnost téchto pfistroju bez zvyseného rizika zavaz-
nych nezadoucich kardiovaskularnich pfihod (major adver-
se cardiac event, MACE); nékteré studie dokonce popsaly
i mozné snizeni mortality. Metaanalyza 12 studii nalezla
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hodnotu relativniho rizika cévni mozkové prihody ve vysi
0,513 (95% interval spolehlivosti [Cl] 0,265-0,996) u pacien-
tU s CIED, ale bez rozdilu v procentu zachytu fibrilace sini
(FS). Nékolik studii prokazalo, ze u jedincl s rizikem vzniku
arytmii mohou byt nositelna elektronika nebo jiné pfistroje
i dalkové monitorovani uzite¢né z hlediska ¢asného zachy-
tu FS a jinych kardiovaskuldrnich onemocnéni. Doporucené
postupy ESC pro kardiostimulaci a srde¢ni resynchronizacni
terapii z roku 2021 zminuji dalkové monitorovani kardiosti-
mulatoru jako prostfedek pro snizeni poctu navstév ordina-
ci 1ékart v ramci sledovani pacienta (jedna osobni navsté-
va kazdé dva roky) a uvadéji, Ze je tfeba o pouzivani této
metody uvazovat jako o moznosti ¢asného zachytu rdznych
obtizi nebo technickych problému pfistroje a muze se hodit
i pfi svolavani vyrobkl na pravidelnou kontrolu, kalibraci
nebo pro jeho vadnou funkci.

Doporucené postupy ESC pro diagnostiku a lécbu akut-
niho a chronického srde¢niho selhani z roku 2021 (2021 ESC
guidelines for the diagnosis and treatment of acute and
chronic heart failure) podporuji pouzivani CIED u podsku-
pin pacientt se symptomatickym srdec¢nim selhanim (heart
failure, HF) i u podskupin s arytmiemi. Autofi doporucenych
postupl nicméné uzavreli, Zze zatimco dalkové monitoro-
vani pristroji je uzite¢né pro casny zachyt chybné funkce
pfistroju, existuje méalo dikazl o sniZzeni poctd hospitaliza-
i pro HF nebo umrti na HF. Metaanalyzy studii dalkového
monitorovani implantabilnich pfistroju dospély k zavéru,
ze celkové nedoslo k zadnému statisticky vyznamnému

ovlivnéni celkové mortality nebo hospitalizaci pro HF, ale
Ze dalkové monitorovani tlaku v plicnici maze snizit riziko
hospitalizace pro HF. Tento poznatek do velké miry vycha-
zel z vysledktd studie CHAMPION. Uvedena zjisténi byla ne-
ddavno Castecné podporena vysledky vétsi studie GUIDE-HF,
kterd v predem specifikované analyze dopadl onemocné-
ni covid-19 popsala statisticky vyznamny pfinos dalkového
monitorovani z hlediska incidence celkové mortality nebo
pfihod v souvislosti s HF ve skupiné s intervenci. Celkové
vysledky nebyly statisticky vyznamné.

Podle doporucenych postupt ESC Ize o neinvazivnim te-
lemonitorovani z domova uvazovat u pacientt s HF ve sna-
ze omezit pocty hospitalizaci pro recidivy kardiovaskuldr-
nich onemocnéni (KVO) a HF, stejné jako pocty umrti z KV
pricin. Tuto predstavu podporuji metaanalyzy publikované
jesté pred vydanim doporucenych postupt i jedna novéjsi
analyza. Doporucené postupy uvadéji, ze jestlize jsou da-
lezité dodrzovani vzdalenosti mezi lidmi (social distancing)
a ,zelend” agenda, pak je pouzivani dalkového monitoro-
vani na misté — pokud neni spojeno s horsimi vysledky nez
standardni péce. Nebyl viak dosud ziskan dostatek dlka-
zU ohledné toho, zda nositelna elektronika nabizi néjaké
prednosti ve srovnani se samotnym telemonitorovanim.

Uméla inteligence v kardiologii

Zdravotni udaje dnes pfichazeji z celé rady zdroja, jako
jsou klinicka a laboratorni vysetfeni, vySetfeni zobrazo-
vacimi technikami, genetické profily, nositelna elektroni-

Typ pfristroje

Bryle

Miniaturni jednorazovy
zdznamnik

Hrudni pés/popruh

Chytry prsten
Chytry telefon

Senzory v odévu
a obuvi

Peckova bezdratova sluchatka

Chytré hodinky nebo pasek

Mérené parametry

Akcelerometr | Cinnost (napf. pocitani
Barometr krok, schod(, zatéz),
GPS odhad spélenych kalorii

PPG SF, HRR, HRV, tonometr
bez manZety, Sa0,, srdec-
ni vydej, tepovy objem,
detekce rytmu podle pul-
su, spanek a jeho stadia

EKG Jedno- a vicesvodové EKG,
kontinualni monitorovani
nebo monitorovani podle
potreby, méreni intervall
(napf. QTc), zachyt
arytmii, abnormalnich
hodnot elektrolytd

Tonometr s manzetou na
zapésti

Oscilometr

Invazivni: monitorovani
glykemie a elektrolytd
Neinvazivni: elektrolyty
v potu a slinach a stav
hydratace

Biochemické
senzory

Obr. 2 - Potieba Al/ML pro analyzu velkych objem udajd shromazdovanych pro vyvoj klinicky uzite¢nych nastroji. ZaloZzeno na citacich.
Al - uméla inteligence (artificial intelligence); ICD - implantabilni kardioverter-defibrilator (implantable cardioverter-defibrillator); ML -
strojové uceni (machine learning); HRR - zotaveni srdecni frekvence (heart rate recovery); HRV - variabilita srde¢ni frekvence (heart rate
variability); PPG - fotopletysmografie (photoplethysmography); SaO, - saturace krve kyslikem (oxygen saturation); SF - srde¢ni frekvence.
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ka, implantabilni pfistroje a senzory, parametry mérené
samotnymi pacienty, udaje tykajici se uhrady zdravotni
péce, socidlni charakteristiky a udaje z okolniho prostredi
(obr. 2). O téchto ,velkych udajich” se casto hovofi jako
o velkoobjemovych, vysoce rychlych, rozmanitych, hod-
notnych a (patrné) pravdivych.

Pojmem uméla inteligence (artificial intelligence, Al) se
oznacuje pouzivani algoritm0 a softwaru, které vykazuji
schopnost poznavani pfi analyze, interpretaci a chapani
slozitych udajua jako proces podobny lidskému uvazova-
ni. Soucasti Al je strojové uceni (machine learning, ML)
véetné hlubokého uceni a neuronovych siti, v némz stro-
je ziskavaji informace z udajd. Aby algoritmy dokazaly
zpracovavat informace, je nutno je to naucit; pak budou
schopny zvySovat vyuziti neustdlého zvétSovani objemu
a ruznorodosti longitudindlnich udaju. To maze pomahat
zdravotniklm presnéji interpretovat ziskané informa-
ce a tak uc¢innéji podpofit sdilené rozhodovani i vysled-
ky a zkuSenosti péce, i kdyz je nutno zdlraznit nutnost
dukladné externi validace. Algoritmy Al byly vyvinuty
s cilem snizit pocty pripadlt falesné pozitivnich varov-
nych upozornéni pfi monitorovani FS, definovat shodné
charakteristiky pacientt s rizikem pro jejich vyhledavani
a spolehlivéji predpovidat nutnost hospitalizace pro HF.

Pohled jedinci s onemocnénim/s riziky

Jak bylo uvedeno jiz vyse, jedinci dlouhodobé Zzijici s né-
jakym onemocnénim mohou mit pfimy pfinos z dalko-
vého monitorovani pomoci CIED a z pouzivani nositelné
elektroniky nebo jinych pfistrojd pro ¢asny zachyt FS a KV
pfihod i ze sledovani progrese nebo stability HF. Digitalni
pristroje umoznily jedincm aktivné se podilet na vlast-
nim zdravi, zvlasté pokud se tyce chronickych onemocné-
ni a onemocnéni souvisejicich s rizikovymi faktory.

Uvedené pfistroje/nastroje je nutno validovat v klinic-
ké praxi. Pacienti (a ¢asto i pracovnici ve zdravotnictvi) si
nicméné mozna ani nejsou vzdy védomi toho, Ze nékteré
mobilni pFistroje jiz prosly klinickym hodnocenim a byly
schvaleny regulac¢nimi urady (dalsi informace o digital-
nich pfistrojich pro zachyt FS, viz napf. www.knowyour-
pulse.org nebo www.cta.tech).

V prizkumu, ktery v roce 2021 provedla britska Atrial
Fibrillation Association u 508 osob, jich 79 % odpovédélo,
Ze by jako nastroje pro zachyt FS rddo pouzivalo mobil-
ni elektrokardiograf (EKG) (www.heartrhythmalliance.
org). Jedinci (n = 159) souhlasili s nasledujicimi vyhodami
dalkového monitorovani: méné dojizdéni do nemocni-
ce, moznost podilet se na péci o sebe, uklidnujici pocit/
pohoda, duslednéjsi sledovani a kontrola a méné casové
omezujicich povinnosti. Program sledujici pomoci aplika-
ce epizody FS zjistil, ze vétSina pacientd (74 %) ma diky
nepretrzité kontrole srdecni frekvence a rytmu pocit bez-
pedi, a témér dvé tretiny jich chtély v budoucnu dél tento
program pouzivat. Tento pfinos z hlediska kvality Zivota
pfitom nemusi tradi¢ni sledované parametry studii vzdy
zachytit.

Ve velkém americkém prizkumu u bézné populace bylo
hlavnim dlvodem, pro¢ lidé pouzivali nositelnou elektro-
niku, dislednéjsi chovani ve zdravi a pro zdravi (napf. cvi-
¢eni, zhubnuti, spanek a stres). Kromé toho v roce 2020

uvedlo vice respondentl, Ze nositelnou elektroniku pou-
Zivaji ke zlepSeni ,péce o sebe po diagnostikovaném one-
mocnéni”; toto ¢islo vzrostlo z 28 % v prizkumu v roce
2019 na 51 % v roce 2020, coz pravdépodobné souviselo
s pandemii onemocnéni covid-19. Protoze prlzkum vyza-
doval digitalni pFistup, ukazaly demografické charakteris-
tiky dotazované populace tésnou shodu s demograficky-
mi charakteristikami zjisténymi pfi americkém s¢itani lidu
co do véku, pohlavi, pfijmua a etnika.

Ukoly
Zatimco vétsina pacientd by rdda pouzivala pfistrojovou
techniku pro sledovani EKG a dalkové monitorovani, né-
ktefi o to nestoji; tito pacienti by pritom méli mit stejné
moznosti pro posouzeni jejich potfeb z hlediska zdravi.
Néktefi pacienti jsou negramotni jak co do pouzivani di-
gitalnich technologii, tak zdravotnich otdzek, nemaji po-
tfebné finan¢ni zdroje, nemaji v dlsledku regionalnich
nerovnosti pfistup k digitalni technice nebo si ani nepreji
digitdIni technologie pouzivat (tabulka 1).

| kdyZ néktefi pacienti uvadéli snazsi pristup ke zdra-
votni péci, jini vyjadfovali obavy ohledné zachovani sou-
kromi nebo potiebu absolvovat fyzikalni vysetieni osobné
v ordinaci lékafe. Castym problémem p¥i online vy$etfeni
pacienta formou videohovoru jsou technické otazky. Po-
kud méli pacienti spolehlivy pfistup k internetu a byli gra-
motnéjsi v otdzkach zdravi, vyjadfovali spokojenost spise
s fenoménem telehealth. Navic existovala vyssi pravdépo-
dobnost, Ze telemedicinu budou pouzivat pacienti trpici
jednim nebo nékolika chronickymi onemocnénimi (78 vs.
56 % bez chronického onemocnéni; p < 0,001). Je tedy
naprosto nezbytné pfipravovat a podporovat jedince (at
uz pacienty, nebo pracovniky ve zdravotnictvi).

Existuji i obavy ohledné sbéru udajd, jejich uchovavani
a spravy a pristupu k nim. V americkém prazkumu vyjadfi-
la vétsina dotazanych ochotu sdilet svoje zdravotni Udaje
se svym lékafem (72 %), jiz méné vsak se svou zdravotni
pojistovnou (53 %) nebo s rodinou (52 %). Z osob pouzi-
vajicich digitalni ,stopovaci” (tracking) systémy byly dvé
tfetiny ochotny sdilet udaje se svymi |ékafi, avsak pouze
tfetina by je sdilela s vyzkumnymi institucemi, a pouhych
14 % by sdilelo své udaje s technologickymi spole¢nostmi
(mezi néz patfi napf. Amazon, Apple, Facebook, Google,
IBM, Lyft, Intel, Microsoft, Samsung, Uber) nebo s vladni-
mi organizacemi. Spotrebitelé si moznd mysli, Ze techno-
logické spole¢nosti maji pravo prohlizet si, vlastnit nebo
pouzivat udaje pro jakykoli ucel. Evropsky dokument na-
zvany Obecné nafizeni o ochrané osobnich udajd (Gene-
ral Data Protection Regulation) konstatuje, Ze kazdy ma
pravo kontrolovat a chranit svoje osobni udaje. Vyrobci
museji brat otazky soukromi a bezpecnosti v uvahu od
samého zacatku vyvoje daného produktu. V mnoha pfi-
padech vsak uZzivatelé museji sami vyslovné urcit (opt
out), Ze chtéji omezit pouzivani informaci o sobé pouze
na urcité ucely. Bohuzel malo lidi — pokud vibec nékdo
— si precte viechny dnes jiz dostupné informace tykajici
se vyuzivani Udaja shromazdovanych pfistrojovou tech-
nikou, kterou jiz sami pouzivaji, v¢etné raznych aplikaci
nebo platforem socidlnich médii. Pro rozvoj vyzkumu na
univerzitach i v primyslu je nezbytné definovat moznosti
pfistupu k uvedenym udajim a tomuto tématu je nutno
naléhavé vénovat pozornost.
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Tabulka 1 - Prehled prednosti a moznych prekazek spojenych

s pouzivanim nastrojt digitalniho zdravi (nositelné elektroniky

a dalkového monitorovani) - pohled jedince

Prednosti

¢ Jednoduchost, domaci
prostredi

* Vice soukromi pro nékteré
pacienty

* Minimalni potreba cestovani

e Prevence virového
onemocnéni

e Kombinace s nositelnou

Mozné prekazky

¢ Digitalni gramotnost

e Gramotnost v oblasti zdravi

¢ Absence soukromi pfi
videondvstévach pro nékteré
pacienty

¢ Ndklady na pfistroje nebo
pristup k internetu

* Nerovnost v pfistupu

elektronikou, telemonitoring
e Snadny zachyt pfitomnosti
onemocnéni
¢ Individudlni uprava
e \/étsi nezdvislost pacienta
a moznost sebepéce (self-
management)
* Vy3$3i compliance

k digitalnim technologiim

e Kvalita signalu

e Absence osobniho
(socialniho) kontaktu

e Spatny zrak, horsi sluch nebo
motorické schopnosti

¢ Absence nastrojl pro
komunikaci jinym nez
anglickym jazykem

¢ Soukromy charakter udajl

¢ Nejistota ohledné krokd,
které je nutno podniknout
v pfipadé abnormalnich
hodnot

Reseni

* Poskytnout pacientovi/spotrebiteli edukaci na téma pfistroje
a Al véetné interaktivnich servisnich platforem s podporou
zakaznika

e Poskytnout instrukce ohledné toho, kdy se obréatit na
zdravotnika a vyhledani a kontaktovani pfislusného, mistniho
|ékare/zdravotnika

* pro starsi pacienty nebo jedince s postizenim je nutno zvazit
nabidku nastroju spliujici audio, vizudlni i motorické potreby
— obecné podileni se na navrhu (,co-design”) a realizaci
(,co-implementation”) spolu s koncovymi uzivateli je nutny od
samého zac¢atku navrhu digitalni technologie

* pro pacienty, u nichz mdze predstavovat problém jazyk, musi
programy integrovat / zahrnovat prekladatelské sluzby na
webu stejné tak jako v telemediciné nebo videotechnologii

e Uklidnit pacienty ohledné soukromého charakteru
a zabezpeceni jejich udaju

* Podporovat sdileni zdravotnich udaju. Digitalni zdravi
vyzaduje Udaje, nemUze se zlepSovat bez pacientova
souhlasu se sdilenim jeho udajl (a obétovani tak trochy svého
soukromi)

* Zajistit pacientdm pristup k jejich vlastnim Gdajim

e Usnadnit uhradu nebo v pfipadé potieby poskytnout financni
pomoc

Tabulka 1 pfinasi prehled nékterych vyhod a ddvodu
ke znepokojeni z pohledu kazdého jednotlivého spotre-
bitele stejné jako mozné sméry dalsiho vyvoje.

Pohled zdravotnickych pracovnik

Pro pracovniky se pfinos pouzivani digitdlnich programa
zdravi muze projevit v podobé pfiznivéjsiho vysledného
zdravotniho stavu (a zkusenosti nebo vhodnéjsi péce
o pacienta) pacientl s HF nebo s FS. Jak jiz bylo uvedeno,
kontinudlni dalkové monitorovani pacienta s CIED muze

potencidlné snizit pocty ndvstév ordinaci a nemocnic a za-
jistit casnéjsi zachyt pfihod, na néz lze reagovat, chyb-
nou funkci pfistrojl i vyhledani pacientd s rizikem. Uda-
je z nositelné elektroniky mohou poskytnout detailné&jsi
informace o profilech rizikovych faktord; pfitom udaje
o dodrzovani predepsané lécby jiz nezdviseji pouze na
tom, co uvadéji samotni pacienti.

Vyvijeji se algoritmy Al pro klasifikaci poznatku z raz-
nych studii se zobrazovacimi metodami pouzitymi pro
vysetfeni srdce a pro vyhleddvani nebo predpovidani
pfitomnosti onemocnéni podle ziskanych obrazkud, EKG
zdznamu, fyzikdlniho nebo laboratorniho vysetfeni. Pro-
biha napfiklad vyvoj algoritma (a nékteré se jiz pouzivaji)
pro screening pacientt z hlediska rozvoje nebo zhorso-
vani HF podle EKG zaznamu. Mnohé z téchto pocitaco-
vych program0 viak jesté nebyly ve vétsi mife zavedeny
do klinické praxe. Pouzivani téchto nastroji pro casné;si
detekci by mohlo umoznit provést intervenci a zahajit
individualizovanou péci o pacienta dfive, a zabranit tak
progresi onemocnéni, hospitalizaci a uamrti. Tyto velice
nadéjné algoritmy je nutno nejdrive validovat z hlediska
vyznamu pro klinickou praxi.

Nékolik studii rovnéz popsalo statisticky vyznamné
snizeni poctu pripadld ruseni navstév u lékare pacienty
pouzivajicimi telemedicinu (10-20 %) ve srovndni s osob-
nimi navstévami lékare (~30 %). Metod ML/AI Ize rovnéz
vyuzit k optimalizaci planovani navstév pacientt i jednot-
livych vykonU, predvidani potfeb nemocnic a jednotek
intenzivni péce i zajisténi dostatecného poctu personalu.
Snadnost prenosu udajl maze zjednodusit automatickou
analyzu zéznamu EKG a socidlni média mohou usnadnit
vyménu Udajl a poznatkl mezi zdravotniky.

Ukoly

S fadou Uukoll, které stoji pred pacienty, se potykaji
i pracovnici ve zdravotnictvi (tabulka 2). Problém muze
predstavovat digitdlni (ne)gramotnost a (ne)schopnost
orientovat se ve stale rostoucim objemu udajd, i zvysujici
se pocty stale se ménicich pfistroju. Pfes obrovsky rozvoj
v této oblasti dosud mnoho studijnich programd na Ié-
karskych fakultach nezaradilo digitdlni zdravi do svych
osnov. Tyto programy se mezi riznymi zemémi a institu-
cemi znacné lisi, museji se viak stat standardem a soucasti
celozivotniho vzdéldvani. Navic je nutno vypracovat nové
profesni profily a formy vzdélavani jako digitalni studijni
programy pro zdravotni sestry, aby lépe odpovidaly ob-
rovskym pfilezitostem, jez nabizi digitalizace.

Otazky zachovani soukromého charakteru udajd pa-
cienta jsou déale komplikovany jistymi obavami souvise-
jicimi s etickymi a regulacnimi aspekty celé této oblasti,
i moZnou pravni odpovédnosti pfi pouzivani uvedenych
pfistroji nebo programt v klinické praxi. Existuji obavy
ohledné toho, kdo udaje shromazduje a jak se s nimi na-
klada. Pacienti mohou mit pocit, Ze jsou pod neustalym
dohledem a je na zdravotnicich, aby jim vysvétlili ucel mo-
nitorovani a dostatecné je ujistili o dodrzovani soukro-
mého charakteru i zabezpeceni jejich udaju. | zdravotnici
mohou mit pocit, Ze je jejich nemocnice, pojistovny nebo
jiné instituce neustale sleduji.

NedUvéru zvysuje i absence transparentnosti nékte-
rych algoritmu Al. Pro nékoho muze byt tézké pochopit,
co které udaje znamenaji a jaké informace jsou z nich
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Tabulka 2 - Prehled vyhod a moznych prekazek spojenych

s nastroji digitalniho zdravi (nositelné elektroniky a dalkového

monitorovani) - pohled HCP

Prednosti

e Snizit pocty navstév ordinaci
a nemocnic

e Zajistit casnéjsi zachyt
pfihod, na néz Ize reagovat,
i chybné funkce pristrojl

° Provadét screening pacientl
s rizikem

® Provadét screening pacient
z hlediska rozvoje nebo
zhorsovani HF

e Umoznit ¢asné,
individualizované intervence,
které by zlepsily vysledny
stav pacientd

e Telemedicina muze snizit
pocet pripadd, kdy se pacient
na dohodnutou névstévu
|ékare nedostavi

¢ Nositelna elektronika
mUze nabidnout detailnéjsi
pohled na rizikové faktory
i dodrzovani plénu lécby
a péce pacientem

Reseni

Potencialni prekazky

e Digitalni gramotnost

e Naklady a uhrada

e Zaclenéni do elektronické
zdravotni dokumentace/
organizace préace

¢ Infrastruktura a podpora

¢ Absence osobniho
(socialniho) kontaktu

¢ Obavy o zachovani
soukromého charakteru
udaju a pravni otazky,
kyberneticka bezpecnost

e Pacientova dlvéra

e Orientace v predlouhé
fadé programt a urceni,
které z nich byly validovany
a schvaleny

e Absence transparentnosti:
porozuméni vysledkdm, aby
bylo mozno urcit dalsi kroky

e Vysvétleni zjisténi pacientliim

e Zajistit pravidelny trénink, skoleni a edukaci v oblasti
digitélnich technologii pro viechny zaméstnance

* Prosazovat zfizeni pravidelné aktualizovaného a snadno
prohledavatelného online ulozisté validovanych, regulovanych

nastrojd a program

e Ujistit pacienty o dodrzovéni soukromého charakteru

a bezpecnosti jejich udajh

¢ Podporovat pacienty ve sdileni jejich udaju

e Usilovat o to, aby pacienti méli pfistup ke svym vlastnim
udajlim, nebo jim poskytovat pravidelné prehledy

e Pfimlouvat se za platce, aby dostévali vys$si Uhrady za pfistroje,
algoritmy/programy a komplexni sluzby v oblasti ,digitalnich

reseni”

o Urcit specialni odborné zaméstnance pro spousténi
a monitorovani digitalnich programt

HF - srdecni selhani (heart failure).

ziskavany, zvlasté v pripadech, kdy se uvazuje o dalsich
diagnostickych vysetfenich. Nékteré algoritmy byly vyvi-
nuty pro pfili§ Uzce definované datové soubory, coz vede
k problémUim s externi validitou a mozZnosti zevieobec-
néni ziskanych udaja. Problematicky mlze byt i pfistup
k vysledkdm valida¢nich studii.

Pokud se tyce péce o pacienta, neni vzdycky naprosto
jasné, jak postupovat, napriklad, jaké prahové hodnoty
vyzaduji lécbu, pokud jiz hodnoty pred stanovenim dia-
gndzy ukazuji na zvysené KV riziko.

Volba nastroje, ktery pouzit a ktery doporucit pacien-
tovi, muze pro zdravotniky predstavovat zna¢né obtizny
ukol. PoZzadavky na dokumentaci a dukazy se zvysuji se
zvysujicim se rizikovym profilem a uvadénymi vylepseny-
mi vlastnostmi a funkcemi pfistroje pro klinickou praxi. Je
tfeba nastolit rovnovdhu mezi tempem inovaci a odpo-
vidajicimi pozadavky na ziskavani dikaz( pro bezpecné
a ucinné pouzivani novych produktd AI/ML jesté pred je-

jich uvedenim na trh. V systematickém prehledu 215 stu-
dii pouzivajicich metody AI/ML v KV mediciné jich 10 %
bylo registrovanych jako klinické studie. Pouzité metody
nebyly ¢asto presné popsany, coZz omezuje reprodukova-
telnost vysledkd, takze Ize studie obtizné srovndvat. To
Casto souvisi se skutecnosti, Ze fada pocitacovych pro-
gramu a pfistroji pouziva patentové chranéné technické
prvky. Proto je tfeba vyvinout a aplikovat standardni po-
stupy pro popisovani metod a uvadéni vysledk vyzkumu
v oblasti AI/ML.

Mimoto ne vsechny chytré hodinky/telefony a dalsi
senzory mohou zaznamenavat pfesné hodnoty. Nékteré
pfistroje a software byly schvdleny Evropskou lékovou
agenturou (European Medicines Agency, EMA) a ziskaly
oznaceni CE. Podle EMA patii software uréeny k pouziti
pro medicinské ucely mezi zdravotnické prostifedky, za-
timco samostatny software pro obecné ucely pouzity ve
zdravotnictvi zdravotnicky prostfedek neni. Stejné jako
v USA, neni mnoho softwaru klasifikovdno jako zdravot-
nicky prostfedek, a nevyzaduje tak schvaleni regula¢nim
uradem. Mnoho potencidlné uzite¢nych mobilnich pfi-
stroj, webU a dalsich technologii je naprosto bez do-
zoru, nebo se pouziva pro jiné ucely, nez k jakym byly
schvaleny. Je nutno néjak , o3etfit” mezeru mezi témito
pfistroji uréenymi pfimo pro spotfebitele a jejich pouzi-
vanim ve zdravotnictvi. Dalsi komplikaci je skutecnost,
Ze pristroje schvdlené (nebo neschvalené) regulacnimi
Urady pro zdznam ruznych hodnot muze spustit bud
zdravotnik, nebo sdm pacient. Cilem vznikajici Evropské
databaze zdravotnickych prostfedkd (European Databa-
se on Medical Devices, EUDAMED) je vytvofit aktualni
databazi zdravotnickych prostfedkd dostupnych v ram-
ci Evropské unie (https://ec.europa.eu/tools/eudamed/#/
screen/home).

| kdyz digitaIni nastroje budou slouzit jako jistd podpo-
ra zdravotnikl, nezastoupi je, a i kdyz nékteré véci uleh-
¢i, a budou patrné i pfesnéjsi, jejich nepretrzité sledovani
a nutnost v pripadé potfeby podniknout pfislusné kroky
mUze vyZzadovat spousty ¢asu a zmény v organizaci prace,
coz je pro mnohé lékare v klinické praxi a zdravotnické
organizace naro¢né. Tyto zmény v organizaci prace vy-
Zaduji nejen zavedeni nékterych digitalnich feseni, ale
prestavbu celého procesu stanoveni diagnézy a néasledné
|é¢by. Fale$né pozitivni varovna upozornéni na FS mohou
predstavovat obrovskou zatéz, ta se viak snizila po za-
vedeni zdokonalenych algoritm@ Al filtrujicich prichozi
udaje (obr. 3). Pro praci s digitalnimi programy nicméné
zdravotnicti pracovnici potrebuji infrastrukturu a vysko-
leny persondl s odpovidajici podporou. Prizkumy pro-
vadéné mezi zdravotniky uvadéji jako nejvétsi prekazky
pouzivani digitdlnich nastrojd ve zdravotnictvi absenci
infrastruktury/personalu a uhrad. Pro mnoho Iékafskych
praxi budou i nadale velkym problémem naklady. BEhem
pandemie onemocnéni covid-19 sice doslo ke zvy3eni
Uhrad za ndvstévy na vzdalend mista a zavedeni digital-
nich technologii, feseni viak nebylo systematické a bu-
doucnost zUstava nejista.

Jednou z nejvice praktickych nevyhod pro koncept te-
lehealth a dalkové monitorovani je nemoznost provést
potiebné fyzikalni vysetreni pacienta. V pridzkumu ame-
rickych lékaru jich > 70 % uvedlo, Ze béhem navstév for-
mou telehealth nemohli pacienty radné vysetfit. Tabulka
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Obr. 3 - Pouzivani pfistroju a algoritmd Al v klinické praxi pii spravé udaji. Al - uméld inteligence (artificial intelligence).

2 shrnuje nékteré prednosti a obavy i mozné sméry dalsi-
ho vyvoje v této oblasti.

Pohled vyvojara a partnera v primyslovych
odvétvich navazanych na medicinu

Pfedpovidany ro¢ni rlst na trhu nositelné elektroniky je >
20 %, a ocekava se, Ze v pristich péti letech obrat dosahne
hodnoty > 40 miliard eur za rok a celkové ¢astky > 150
miliard eur v roce 2028. Pandemie onemocnéni covid-19
jesté zintenzivnila nadseni z nositelné elektroniky jak na
strané pacient(, tak u zdravotnik(. Ocekava se, ze v Ev-
ropé trh s nositelnou elektronikou dosdhne v roce 2025
hodnoty 170 milionU jednotek pfi ro¢nim tempu rlstu
13 %. Zdravotnictvi je jednim z hlavnich obord na trhu
s nositelnou elektronikou.

V roce 2020 vydélaly mobilni systémy v Evropé > 125
miliard eur a tento prdmyslovy obor zaméstnaval témér
1,2 milionu osob. Odhaduje se, Ze 86 % evropské popula-
ce vyuziva sluzby mobilnich siti a 78 % ma chytry mobilni
telefon. Celosvétové pouzivalo v roce 2021 chytré telefo-
ny témér 6,4 miliardy osob, a toto cislo se stale zvysuje.

Ukoly

Mezi nejvétsi ukoly stojici pfed vyvojafi jsou neustdle se
ménici technologické a komunikacni platformy (napf. 4G
vs. 5G), které vyzaduji neustalé aktualizace a adaptace.
Ukolem vyvojafra nositelné elektroniky je zajistit pfesnost
méreni (napf. presné hodnoty srdecni frekvence), coz
v nékterych pfipadech muze byt ovlivnéno otresy a po-
hyby pfi cviceni.

Hardware nebo software konkrétné navrzené pro
pouziti v mediciné jsou klasifikovany jako zdravotnické
prostiedky a je do nich vloZzeno znacné Usili béhem jejich
vyvoje a testovani, zabezpeceni udajl a certifikace. Tato
feSeni jsou typicky spojena s potfebami zdravotni péce,
predepisuji je zdravotnici, a jsou tedy nejspiSe hrazeny ze

zdravotniho pojisténi. Nicméné hranice mezi pfistroji ur-
c¢enymi pro pouziti v mediciné a pro bézného spotrebitele
jsou stale méné zrejmé.

Znacné usili, a rovnéz znacné vydaje, je tfeba vynalo-
Zit pfi schvalovani vyse uvedenych produktt regulacnimi
urady. Proces schvalovani se mezi jednotlivymi zemémi
vyrazné lisi z hlediska zamysleného pouziti, co je nut-
no regulovat, a kritéria pro schvéleni. V Evropé povazu-
je EMA hardware nebo software za zdravotnicky pro-
stfedek, ktery — pokud je urcen k pouziti v diagnostice,
prevenci, monitorovani, |écbé nebo mirnéni zdvaznosti
onemocnéni — musi schvalit regula¢ni ufad. Nicméné
vzhledem k vy3e uvedenym ndrokdm mohou vyvojafi
omezit funkce a vyuziti daného produktu v mediciné
a zamérit ucinky a pusobeni pfistroji nebo medicinskych
aplikaci na udrzovani psychické i fyzické pohody, zvyso-
vani télesné zdatnosti nebo na informacni funkce. Tedy
na vyrobky pro spotfebitele, jejichz pofizeni nemusi byt
hrazeno zdravotnimi pojistovnami. Britskd organizace
National Institute for Health and Care Excellence (NICE)
vypracovala ramcovy program zaloZeny na dlkazech,
jez by mély byt dostupné v digitalnich technickych pro-
stfedcich, aby tak prokdzal uc¢innost i nakladovou ucin-
nost téchto prostredkd.

Daldim ukolem je zajistit compliance a trvalou ochotu
pacienta pouzivat nositelnou elektroniku. Napfriklad do
studie Apple Heart Study bylo zafazeno 419 297 osob,
z nichZ na prlzkum na konci studie neodpovédélo cel-
kem 30 % ucastnikd. Dokonce i z téch pacientu, ktefi byli
upozornéni na nepravidelny puls (n = 2 161), jich studii
dokoncilo pouze 43 %. Je moznd pfitom tfeba uvést,
Ze Ucastnici téchto studii se do nich hlasi sami a pouzity
pfistroj nebyl z medicinského hlediska nutné indikovan
k monitorovani diagnostikovaného onemocnéni jako
soucast probihajici Ié¢by nebo péce. Neni tedy nadale jas-
né, zda pacienti, ktefi pouzivaji uvedend feseni pro medi-
cinské indikace, intervence nebo farmakoterapii, budou
vykazovat vyssi compliance.
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Tabulka 3 - Prehled prednosti a moznych prekazek spojenych
s pouzivanim nastroju digitalniho zdravi (nositelné elektroniky

a systému pro dalkové monitorovani) - pohled vyvojafi a part-

nerd v daném pramyslovém odvétvi

Prednosti

e Rostouci trh s obratem
v miliardach dolart

e Personalizovand medicina

e Vys$i ucinnost a bezpecnost
diky nepretrzitému
monitorovani a Upravé |écby

e Vyssi adherence k lécbé

e Potencidlni pfistup k udajam
z redlného svéta

e Pacient uvadi vysledky
u jednotlivych parametri

Mozné prekazky

e Trvale se ménici pristrojova
technika

* Nejednotné pozadavky regu-
la¢nich uradu

¢ Priibézné zapojeni pacientli
do klinickych studii a chab-
nouci zdjem o konkrétni
pristroj v delSim ¢asovém
horizontu

e Priikaz ucinnosti léciv

e Pfistup k udajim z realného

svéta
¢ Obavy o soukromi, divéra
pacientt
e Spravovani, nakladani s udaji
a jejich slucovani
e Zajisténi dostatecného
personalu pro monitorovani
systému
* Do sektoru zdravotni péce
vstupuji novi hraci (tzn.
spolecnosti nabizejici vyrobky
pro bézné spotrebitele)
Reseni
¢ \Vyvoj technologii zaplnujicich mezeru na trhu
e \/yrdbét produkty a vyvijet algoritmy schopné zachytit
a analyzovat Udaje rtiznych populaci
¢ Rychle a levné testovat potencidlné uzite¢né produkty
e VValidovat produkty ve velkém méfitku u rznych populaci
(prednost maji randomizované klinické studie, uzitecné jsou
pragmatickeé studie)
e Zajistovat kybernetickou bezpecnost
e Podporovat vyvoj spolecné/sdilené platformy
e Podporovat sdileni zdrojového kédu
® Podporovat pfistup k udajim a protokoldm pouzivanym ve
vysledcich publikovanych studii
¢ Podporovat standardni procesy regulace a thrad

Spravovani, uchovavani a propojovani udajd pfi sou-
¢asném chrdnéni anonymity pacientl a spotrebiteld
predstavuje sofistikovanou soucast vyvoje a konstruk-
ce jakéhokoli vyrobku nositelné elektroniky a dalkové
ovlddaného monitorovaciho systému. Obavy pacientd/
spotrebiteld ohledné zachovani soukromého charakte-
ru udaju a nedlvéry k mnoha vyrobcim mohou znacné
ztéZovat ziskadvani obrovského a rozmanitého mnozstvi
udaju potfebnych k vyvoji a validaci program ML/AL
V americkém prlzkumu bylo celkem pouze 11 % spo-
tfebiteld ochotnych sdilet své zdravotni Udaje s tech-
nologickymi spole¢nostmi a u téch, ktefi v prlzkumu
odpovédéli, se davéra v konkrétni technologické spole¢-
nosti lisila, pficemz 45-57 % respondentt bylo ochot-
nych sdilet své udaje s firmami Google, Amazon, Micro-
soft a Apple, ale uz < 40 % jich bylo ochotnych sdilet
své Udaje se spole¢nostmi, jako jsou Samsung nebo Face-
book. Jak jiz bylo uvedeno v kapitolce Ukoly pro jedin-
ce, dokument GDPR striktné posuzuje otazky soukromi
v EU a vyvojafi museji dand pravidla regulace dodrZovat.

Moznosti pro uklidnéni pacientd by mohla byt spole¢na
mandatorni specifikace od vlad.

Pristup k udajam spotrebitelt/pacientl je dale ztizen
tim, jak se na trhu stéle objevuji nové spole¢nosti a tech-
nologie. Vyvojafi vstupuji do sektoru zdravotni péce
a uvadeéji pro spotrebitele na trh vyrobky méfici dulezi-
té parametry, které mozna byly, ale mozna ani nebyly
schvaleny regula¢nimi ufady. To muize vyvoldvat zmatek
a presycovat trh, vést k unavé nebo madst spotrebitele
a omezovat schopnost zucastnénych stran shromazdovat
Udaje z redlného svéta o ucinnosti intervenci v souvislos-
ti s pouzivanim digitdlnich pfistrojd pro zdravotni ucely
i prislusnymi strategiemi. Tabulka 3 pfinasi prehled né-
kterych prednosti a obav z pohledu vyvojari stejné jako
prehled moznych feseni.

Zavadéni do zdravotnickych systému

Vyvoj hardwaru (napf. implantabilnich a nositelnych pFi-
stroju) a softwaru (napt. algoritmi ML/AI nebo jinych
algoritml) neni dostacujici. Jednou z nejvétsich pre-
kadzek v pfijimani a zavadéni digitalnich technologii je
otdzka, jak je v soucasném prostredi klinické praxe po-
uzivat pfesné a ucinné. Nékteré z téchto obav mohou
byt neopodstatnéné. Program TeleCheck-AF pro feseni
epizod FS, ktery pouzival dalkové monitorovani srdecni
frekvence a rytmu pomoci aplikace v mobilnim telefonu
s naslednym nasazenim telemediciny, byl pfijat béhem
pandemie onemocnéni covid-19 rychle. Vétsina klinic-
kych pracovist po celé Evropé nehlasila Zadné problémy
se zavadénim tohoto pfistupu bez ohledu na zdravotnic-
ké prostfedi nebo miru predchozich zkusenosti s digital-
nim zdravim.

Zavadéni digitalnich technologii nicméné vyzaduje
odbornou zdatnost specialistd z vySe uvedenych oblasti,
i vzdélavani, skoleni a podporu téch, kdo ony technolo-
gie pouzivaji, coz se tyka jak lékard v klinické praxi (ktefi
rovnéz potrebuji jistou miru odborné zdatnosti), tak pa-
cientl. Na trhu se objevilo mnoho spolecnosti zabyvajicich
se ,digitalnimi resSenimi”, které nabizeji prislusné sluzby
a podporu vcetné platforem plné zac¢lenénych do systému
elektronické zdravotni dokumentace. Tyto spolec¢nosti
mohou zajistovat prlbéZnou inovaci a aktualizace, mo-
nitorovani udaju pfichdzejicich z rdznych zdrojd i hodno-
ceni raznych kritérii vykonnosti systému; nékteré nabizeji
dalsi podporu jako pomoc pfi uctovani a uhradach (napfr.
Geneva Health Solutions, Philips — BioTelemetry).

Implementacni pldny se museji zaméfit na pfistro-
je a softwarové programy schvalené regula¢nimi urady.
Navic kazdy systém musi splfiovat minimalni vykonnostni
standardy, byt prakticky pouzitelny v bézném klinickém
provozu a ziskané uUdaje museji byt ddvéryhodné a vy-
svétliteIné. Udaje museji byt shromazdovany v otevieném
rezimu a pacienti museji byt informovani o tom, jak se
s jejich udaji naklada. Aby se zavadéni vyse uvedenych
technologii jesté zrychlilo a v budoucnu se stalo béznou
rutinou, uznava se vieobecné nutnost kompatibility raz-
nych platforem véetné integrace pfistrojd, algoritmu Al,
elektronické zdravotni dokumentace i integrace uda-
jb z jinych zdrojd (napf. socidlni charakteristiky a udaje
z vnéjsiho prostredi) (tabulka 4).
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Tabulka 4 - Hlavni faktory pro implementaci

e Pouzivani regulacnimi urady schvalenych pfistroja a algorit-
mU (aktualizovana databaze schvalenych systému. Databéaze
EUDAMED se buduje,
https://ec.europa.eu/tools/eudamed/#/screen/home)

¢ Dobre dokumentovany, standardizovany proces Uhrady,

v némz se zadatel snadno orientuje

e Standardizovana nemocnicni politika

¢ Spolehlivé dodrzovani soukromi tidaju

* Zajisténi pravidelnych aktualizaci

* Spole¢na platforma se systémy pro integraci vétsiho poctu
pfistroju

e Zahrnuti pravidelného tréninku/skoleni a edukace na téma
digitalnich technologii pro vsechen personal

e Zajistit skoleni pro pacienty s pfistroji zafazenymi do programt
monitorovani

e Specidlné interni nebo nasmlouvany personal pro oblast
digitalniho zdravi

® Zajistit vypracovani medicinsko-pravnich standardd

Zevseobecnitelnost doporuceni nabizenych programy
zavisi do velké miry na pacientské populaci zafazené do
sbéru udajl. | kdyz muaze obtizné vystupy z algoritma ML/
Al vysvétlovat, musi se edukace provadét tak, aby zdravot-
nikdm i pacientdm bylo jasné, které udaje byly zarfazeny
do modelu, jaké filtry byly pouzity, jaké predpoklady byly
formulovany a jaké kroky vedly k rznym rozhodnutim.
Vysokd transparentnost v nakladani s udaji by usnadnila
rozhodovani zdravotnikd i pacientl. Soucasné vyvstavaji
otdzky medicinsko-pravni odpovédnosti za omyly pfi po-
uzivani programi Al, pfipadné kdyz se lékafri v klinické
praxi rozhodnou nepouzit strategii doporuc¢enou umélou
inteligenci nebo ji pouzit, pokud by takové rozhodnuti
pfitom mohlo byt nevhodné.

Je jasné, Ze zasadnim krokem v evoluci fenoménu di-
gitalniho zdravi a jeho zafazeni do hlavniho proudu kli-
nické praxe je schvaleni regula¢nim ufadem. Vzhledem
k rychlému technickému pokroku véetné oblasti hardwa-
ru a softwaru musi zdravotnicky systém uznat své limitace
z hlediska presnosti pfistrojd méficich zdravotni paramet-
ry i softwarovych programt pfi rozhodovani. Schvalovaci
proces zajistuje, ze Udaje jsou generovany a validovany
s cilem optimalizovat Uc¢innost a bezpec¢nost nastrojd di-
gitdIniho zdravi. Zatimco regulacni urady zavedly jisté
standardy pro zdravotnické prostfedky a software, pred-
stavuji neustalé zmény v digitalnim svété znacny pro-
blém. Proto je tfeba zavedené standardy pravidelné kon-
trolovat. Procesy regulace a uhrad vyzaduji dokonalejsi
harmonizaci a vznika i potfeba systematického pfistupu
k aktualizacim.

V soucasnosti zlstava i nadale nejasné, kdo by vlastné
mél pouzivani samotnych udajl monitorovat a regulovat.
Aby se mohlo digitalni zdravotnictvi dédle rozvijet, bude
nejspise tfeba zavést povinnost podavat plné transparent-
ni hlaseni o situaci ve sdileni udajl pfi sou¢asné ochrané
soukromi a pfitom otevrené pfistupném.

Budouci sméry vyvoje a vyzva

Pfes znacny pokrok, kterého jiz bylo dosazeno, zUstava
pfed nami stéle jesté mnoho ukold. Digitalni technologie

Tabulka 5 - Kroky podnikané odbornymi lékarskymi

spole¢nostmi, jako je ESC

e Usilovat o zafazeni digitalnich technologii do osnov Iékarskych
fakult

o Zajistit prlbézné skoleni a podporu v oblasti technologii a na
védeckych a edukacnich akcich predstavovat aktualizované
poznatky

e \lypracovat doporucené postupy (guidelines) pro pouzivani
pristrojl a softwaru pro Al

¢ Podporovat validaci viech pfistrojd a softwaru pro Al

* Prozkoumat proveditelnost vytvoreni a vedeni

aktualizovaného ulozisté validovanych pfistroju a programt

¢ Zasazovat se o vypracovani standardizovanych strategii pro
uhradu feseni, pfistrojt, softwaru pro dalkové monitorovani
i Casu straveného pri zajistovani vyse uvedeného zdravotniky

o \/ytvorit specidlni komise pro digitalni zdravi (https://www.
escardio.org/The-ESC/What-we-do/Initiatives/about-digital-
health)

¢ Podporovat odborné ¢asopisy vénuijici se tématu digitalniho
zdravi (napf. EHJ-Digital Health)

¢ Podporovat vypracovéani pravniho ramce pro zajisténi
bezpecnosti Udajl pfi jejich sou¢asném pouzivani pro ucely
védeckého vyzkumu a vyvoje

¢ Usnadnovat spolupraci: vyvoj a randomizované validacni
studie vyZaduji pro priikaz hodnoty pro klinickou praxi
partnerstvi primyslu-univerzit-pacientd (Digital Health
Summit, October 2021)

EHJ - European Heart Journal; ESC - Evropskd kardiologicka spo-
le¢nost (European Society of Cardiology).

se jiz staly plnohodnotnou soucasti zdravotnického sys-
tému a celd oblast se nepretrzité dal rozviji a méni. Zdra-
votnictvi musi zrychlit vypracovani jasnych standardd pro
jejich validaci i jakychsi ndvodu pro jejich pouzivani, coz
je nezbytné pro lékare v klinické praxi. Tabulka 5 zmifiuje
nékteré oblasti, v nichz odborné |ékarské spolecnosti jako
ESC pusobi a zasazuji se o rychlejsi zavadéni digitalnich
technologii do oblasti kardiologie. Uvedené technologie
lékari v klinické praxi nutné potrebuji, prfitom respektu-
ji zajmy pacientl a zajistuji optimalni péci o né v jejich
vlastnim prostredi.

Déle pretrvavaji dllezité otazky, které vyZzaduji deba-
tu mnoha zucastnénych stran. Dokazeme zrychlit vyvoj Al
vytvorenim velkych, rdznorodych a dobfe spravovanych
datovych soubort, dostupnych pro vyvoj a testovani vy-
robkd ptFi sou¢asném respektovani soukromi, ukladani
udajl a manipulaci s nimi a praci s , pfidanou hodnotou”
pfi ziskavani a spravé udaju? Dokazeme vibec vytvorit
spolecny ramec pro cely proces od ¢asného pfijeti novych
nastrojd Al (nejspiSe dosud jesté neschvalenych regulacni-
mi Urady, ale povolenych k pouziti hodnoceni) pfes ome-
zené prijeti (schvalené regula¢nimi urady) az po jejich
siroké uplatnéni v klinické praxi (s dostatecnymi dikazy
o jejich ucinnosti a bezpecnosti, i hodnoceni technolo-
gii v oblasti zdravotnictvi)? Jak nejlépe se mohou hlav-
ni strany Ucastnici se téchto procest spole¢né podilet na
navrhovani a realizaci digitaInich feseni, které znamenaji
pfidanou hodnotu, tedy zlep3uji vysledek nebo rozsituji
zkusenosti s péci a udrzitelnost zdravotnictvi? Mdzeme
urychlit hodnoceni novych technologii tak, aby ty, které
pfinaseji pfidanou hodnotu, byly schvéleny a podporové-
ny pfi jejich zavadéni do bézné praxe rychleji, a aby ty,
které pridanou hodnotu nepfinaseji, byly opustény drive?
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A nakonec, dokdzeme zvysit schopnost jedincd sezndmit
se s novymi pristroji a nositelnou elektronikou a pouzi-
vat je optimalné, bez zbytec¢nych zmatk( nebo falesnych
obav tak, aby se zvysila u¢innost vztahu mez pacientem
a zdravotniky?
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Protoze Erdheimova-Chesterova nemoc (Erdheim-Chester disease, ECD), zndma i pod oznacenim polyosto-
ticka skleroticka histiocytéza, plisobi i na cévni struktury, mize byt mylné diagnostikovéna jako ischemicka
choroba dolnich koncetin. Postizeni aorty pfi ECD obvykle odhali rentgenové vysetreni. Dosud vsak neméame
k dispozici dostatek informaci o vzhledu postizeni béhem chirurgického vykonu ani o 1é¢bé postizeni aorty
pfi ECD. V tomto ¢lanku popisujeme piipad pacienta s postizenim vzestupné aorty zjisténym nahodné pfi
provadéni koronarniho bypassu a dalsiho pacienta s postizenim bfisni aorty pripominajicim aortoiliackou
okluzivni nemoc.
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ABSTRACT

Erdheim-Chester disease (ECD), known as histiocytic neoplastic disease, can be diagnosed as a peripheral
arterial disease because of its effects on vascular structures. Aortic involvement in ECD is usually recognised
radiologically. However, there is insufficient information about the surgical appearance and treatment of
aortic involvement in ECD. In this report, we presented a patient with ascending aortic involvement detected
incidentally during coronary bypass and a patient with abdominal aortic involvement mimicking aortoiliac
disease.

Introduction

Erdheim—Chester disease (ECD), which was classified as
a haematopoietic neoplasm of histiocytic origin by the
World Health Organisation, is defined as Langerhans (L)
group histiocytosis characterised by foamy macrophage
accumulation, chronic inflammation, and fibrosis."2 Alt-
hough ECD is diagnosed histologically, it is increasingly re-
ported in the literature, thanks to radiological advances,
but its global incidence is still unknown. ECD can be asym-
ptomatic or life-threatening by causing complications
such as myocardial ischaemia, organ perfusion damage,
and renovascular hypertension.>* Unlike other system in-
volvement, it is rare that patients present to the hospital
with vascular involvement.> Aortic involvement has been
mostly reported in the literature.®

Herein, we present a patient with ascending aortic in-
volvement detected incidentally during coronary bypass
and a patient with abdominal aortic involvement mimick-
ing aortoiliac disease.

Case description

Case 1

A 57-year-old male patient was admitted to the cardiolo-
gy clinic with chest pain. Coronary angiography was per-
formed after the effort test was positive. The patient had
no complaints, except for stable angina pectoris. He had
used hypertension treatment (beta blocker) for 5 years,
and a stent had been applied to the left anterior descen-
ding artery (LAD) 3 years ago. He did not have diabetes,
any systemic disease, and did not smoke. In his family,
only patient’s mother had coronary artery disease. Phys-
ical examination, biochemical parameters, and complete
blood count were normal. Echocardiography showed that
ejection fraction was normal (60%). Because the LAD pro-
ximal lesion was not suitable for percutaneous interven-
tion, coronary artery bypass graft (CABG) operation was
selected after coronary angiography (Figs 1A, 1B). After
the pericardium had been opened, the ascending aorta
was very stiff and had a marble-like appearance surroun-
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Fig. 2 - (A) Intraoperative view of the ascending aorta. (B) Left internal mammary artery and saphe-

nous vein anastomosis.

ded by grey-white fibrous tissue (Figs 2A, 2B). Therefore,
off-pump CABG was performed. After the left internal
mammary artery-LAD anastomosis was completed, the
proximal part of the right coronary artery (RCA) saphe-
nous anastomosis was applied to the truncus brachioce-
phalic artery (Figs 2A, 2B). The image of the aorta was
compatible with ECD. Therefore, in the biopsy taken from
the ascending aorta, a mononuclear infiltrate of lipid-lo-
aded foamy histiocytes stained positive for CD68 and ne-
gative for CD1a (Figs 3A, 3B). No complications such as
mediastinitis developed during the follow-up. Since the
patient was asymptomatic for ECD, he was treated for co-

S L
o

Fig. 3 - Pathological view of the biopsy taken from the ascending
aorta for the first patient: (A) fibrotic background with mono-
nuclear inflammatory cells; (B) CD-68 + histiocytic cells.

ronary artery disease and was referred to the oncology
clinic after discharge. Since he had undergone surgery,
corticosteroid tablets were prescribed by the oncology
department, and he was followed up closely.

Case 2

A 54-year-old male patient was admitted to our clinic
with the complaint of intermittent claudication at 150
m and walking distance decreased compared with the
last year, and the pain was usually localised at hip level.
He had not smoked for 5 years, and he had no other di-
sease in his medical history and family. Pulse was wea-
kly palpable on the femoral and distal artery bed, and
the ankle-brachial index value was 0.8. All laboratory
values were within the normal limits. Abdominal aortic
colour Doppler ultrasonography (USG) was performed
for the prediagnosis of peripheral artery disease. Ab-
dominal computed tomography (ACT) was performed
because the abdominal aortic diameter measured 4 cm
on USG. On ACT, the abdominal aorta was completely
covered with fibrous tissue, and the diameter at the
bifurcation level was <1.5 cm. Since the image made us
think of ECD, we wanted to perform periaortic biopsy
guided by CT, it was suggested to the patient; however,
the patient refused to undergo the procedure. He was
referred to oncology with a prediagnosis of ECD. The
patient was followed because he did not have any
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A

aorta intraoperatively (arrow).

other organ involvement and was negative for BRAF
mutation.

Nearly 6 months later, the patient was hospitalised for
severe right lower-extremity pain at rest, and surgery was
decided because the right femoral artery pulse was not
palpable. The abdominal aorta was exposed by median
laparotomy. The aorta had a firm texture with a thick fi-
brous tissue narrowing the lumen, and iliac artery steno-
sis was prominent at the level of the bifurcation (Figs 4A,
4B) Aortobifemoral bypass with 16-8 mm gelatin sealed,
knitted Dacron polyester was performed, and a large-
scale biopsy was taken from the abdominal aorta. Biopsy
showed CD1a-negative histiocytes and CD68-positive
histiocytic multinuclear cells and diffuse fibrous stroma
including foamy histiocyte infiltration and mononuclear
cells (Figs 5A, 5B). After the operation, the patient’s com-
plaints improved. The treatment with sirolimus and pred-
nisone tablets was initiated by the oncology department,
as the patient was followed up for pseudoaneurysm. No
complications developed in the first year of follow-up.

Discussion

Given its rarity, vascular surgeons seldom encountered pa-
tients with ECD. Our knowledge of ECD is limited to the
approximately 1500 patients identified since the first case
of ECD was reported in 1930. Multisystem involvement
and potentially fatal nature make ECD an important dise-

Fig. 5 - Pathological view of the biopsy taken from the abdominal
aorta for the second patient. (A) Foamy histiocytic infiltration and
diffuse fibrous stroma; (B) CD68+ histiocytic multinuclear cells.

P - B

Fig. 4 - (A) Muscle-isodense tissue coated the abdominal aorta (arrow) and (B) thick fibrotic wall of the abdominal

ase, and in the clinic, the disease may be asymptomatic or
symptomatic depending on the organs involved.”2 It is not
easy to predict which organ will be affected by the ECD.
Therefore, a patient with ECD should undergo whole-bo-
dy scanning; however, cardiovascular system involvement
is known to be associated with a poor prognosis.® Villato-
ro-Villar et al.> published the rates of cardiovascular system
involvement in ECD. Our first patient did not have cardiac
involvement, such as pericardial effusion, pericardial and
myocardial thickening and non-atherosclerotic coronary
artery thickening, as described in a retrospective cohort
study.® This patient had coronary artery disease and had no
complaints, except for stable angina pectoris, and had no
symptoms of ECD. LAD and RCA lesions were atheroscle-
rotic, and aortic involvement in ECD was observed during
CABG. The right atrium was normal, and coronary arteries
were normal enough to easily perform distal anastomoses.
This may indicate that ECD has a very different clinical
picture because of its heterogeneous nature.

The ‘coated aorta’ phenomenon was defined by Ser-
ratrice et al. as a new sign of ECD.' This pathognomonic
sign, which is a radiological definition, should be differen-
tiated from aortic aneurysms. However, we have macro-
scopically viewed aortic involvement of ECD. The ascend-
ing aorta was so hard that we described this as a marble
aorta. The abdominal aorta also had a firm structure but
not as much as the ascending aorta, and we did not ex-
perience any difficulty in placing the graft end-to-end
proximal to the abdominal aorta. This may be due to the
disease duration or its different behaviours depending on
the organ involved. In the literature, various procedures
are performed according to organ involvement, such as
pericardial, intracranial, and orbital. However, we did not
find any operative images related to aortic involvement,
except for radiological imaging. Therefore, the images
we obtained from our patients are valuable (Figs 2A, B
and Figs 5A, 5B). Although ECD has been described ra-
diologically for years, cohort studies are necessary to give
a surgical name to the macroscopic image of ECD.

Aortic involvement in ECD is usually asymptomatic and
is detected incidentally or becomes symptomatic by causing
stenosis according to the affected anatomical region. Ha-
roche et al." reported the main aortic branch involvement
in 13 of 66 patients. In the arterial map of Villatoro-Villar
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et al.,® this rate was 10-30%. Since ECD is not a very com-
mon disease, these rates are likely to be higher. Our two
cases were identified incidentally and radiologically. In the
first patient, the ascending aorta was surrounded by fibrous
tissue from the truncus to the brachiocephalic branch. The
incision of the brachiocephalic trunk for the proximal anas-
tomosis of the RCA showed that the lumen was completely
open, and there was no non-ostial infiltration.?

In the second patient, intermittent claudication made
us consider aortoiliac disease. In our clinic, our first ap-
proach for these patients is to perform non-invasive ex-
aminations. As an abdominal aortic diameter of 4 cm and
stenosis extending to the iliac bifurcation level were de-
tected on USG, we considered the prediagnosis of ECD
with ACT. Therefore, we wanted to perform CT-guided
periaortic biopsy; however, the patient declined the pro-
cedure. We performed surgical intervention because the
patient complained of severe lower-extremity resting pain
after approximately 6 months. The clinical picture of this
case highlighted that patients with ECD should be fol-
lowed closely and immunosuppressive therapy should be
started immediately after diagnosis.

Surgical or endovascular treatment strategies may
be considered when the aorta and its branches are in-
volved.>"" However, there is no definite information about
treatment interventions in patients with vascular involve-
ment but renovascular stent. These interventions must be
performed more carefully than traditional atherosclerotic
vascular interventions. According to our experience, the
fibrous tissue surrounding the vessel can damage the
stent and even make its placement difficult. As the sur-
gical experiences of aortic involvement in ECD become
widespread, our surgical and interventional knowledge
will increase.

Conclusions

Although ECD is extremely rare, it should be well reco-
gnised in terms of vascular involvement. Asymptomatic
vascular involvement, and the lack of knowledge and ex-
perience may overlook many cases. Perhaps, cardiovascu-
lar surgeons who do not frequently encounter ECD may
not have recognised ECD in most patients with aortic ane-
urysms. Therefore, we believe that a retrospective re-eva-
luation of patients with aneurysms is beneficial. Surgeons
presenting their experiences on vascular involvement will
provide us with more information about ECD.
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Infiltrace srdce pfi generalizaci lymfomu muaze vést k poskozeni jeho funkce, coz se mize manifestovat
srdecnim selhdnim, arytmiemi nebo systémovymi embolizacemi. Kazuistika popisuje pfipad 64leté zeny se
zachytem non-hodgkinského difuzniho B-bunécného lymfomu v srdci prezentujiciho se srdecnim selhanim.
Pacientka za hospitalizace podstoupila fadu zobrazovacich metod k urceni diagnézy (echokardiografie,
magneticka rezonance srdce, CT hrudniku a bficha). Utvar mél rozméry 90 x 80-90 x 90 mm, byl rozsifen
predominantné v pravostrannych srdecnich oddilech, postizeno bylo rovnéz i mezisiiové septum, Usti horni
duté zily a vytokové trakty obou komor. K presnému zhodnoceni nélezu byla doplnéna magneticka rezo-
nance srdce a endomyokardidlni biopsie, v rdmci patrani po mozném origu i CT hrudniku a bficha s nalezem
diseminované lymfadenopatie. Histologicka verifikace byla vzhledem k rychlému fatalnimu prabéhu stano-
vena az post mortem.

© 2022, CKS.

ABSTRACT

Infiltration of the heart in generalized lymphoma can lead to impaired cardiac function. Usually this mani-
fests as heart failure, arrhythmias or systemic embolism. The case report describes a 64-year-old woman who
presented with progressive shortness of breath and lower extremities edema. Extensive diagnostic workup
including cardiac magnetic resonance imaging and CT scan revealed a well-defined, right-sided cardiac mass
and generalized lymphadenopathy. The dimensions of the lesion were 90 x 80-90 x 90 mm and the tumor
expanded predominantly into the right atrial septum and the mouth of the upper vena cava. In addition,
the outflow tracts of both chambers were also affected. Despite prompt and rigorous treatment, the patient
died four days following admission due to sudden cardiac arrest. Post-mortem histological assessment veri-
fied a non-Hodgkin’s diffuse B-cell lymphoma.

Uvod

manifestovat srde¢nim selhanim, ale pfitomny mohou byt
i arytmie nebo systémové embolizace.

Srdecni selhani je jednou z nejcastéjsich pfic¢in hospitali-
zaci na internim oddéleni. Pfes nejbéznéjsi priciny, jako
je koronarni nemoc, arytmie ¢i kardiomyopatie, je tfeba
myslet i na pfi¢iny malo casté az raritni.

V této kazuistice se snazime poukdazat na jednu ze
vzacnych, ale velmi zdvaznych diagndz, ktera se muze

Popis pFipadu

Ctyriaedesatileta pacientka byla pfijata na spadové inter-
ni oddéleni pro otoky dolnich koncetin a klidovou dusnost
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Obr. 1 - Echokardiogram, apikalni projekce, ctyfdutina — nadorova
infiltrace interatridlniho septa (IVS), pravostrannych srdecnich oddi-
10. LK - levd komora, LS - leva sin; PK — prava komora; PS — prava sin.

pfi bilaterdIni kardidlni dekompenzaci nejasné geneze,
progredujici posledni dva mésice. Byla zahajena sympto-
maticka terapie a doSetfovani etiologie srde¢niho selhani.
Laboratorni nélezy byly bez jednozna¢ného nélezu vysvét-
lujiciho jeji stav, na EKG zachycena eufrekvencni fibrilace
sini nejasného stari. Doplnéno echokardiografické vyset-
feni s ndlezem nehomogenniho Utvaru v pravostrannych
srdec¢nich oddilech. Provedené CT hrudniku a bficha nacha-
zeji generalizovanou lymfadenopatii a loziska v solidnich
organech, a proto byla doplnéna i cytoflowmetrie a ster-
nalni punkce, jejichz vysledky moznou hematologickou
malignitu neprokazaly. V Uvodu pacientka byla zalécena
parenteralnimi diuretiky, po kterych doslo k pfechodnému
zlepSeni stavu. Nasledné byla pacientka preloZzena na nase
pracovisté k dalsi diagnostice a lécbé.

Po pfijeti bylo provedeno kontrolni echokardiografic-
ké vysetreni s ndlezem normadlni systolické funkce levé ko-
mory s ejek¢ni frakci 75 % a bez regionalni poruchy kon-
traktility, dale byly pfitomné znamky tézké diastolické
dysfunkce levé komory. Z mezisirnového septa, které bylo
zesilené na 25 mm, vychéazel lalo¢naty utvar, ktery vypl-
foval vétsinu pravé siné, Sifil se pfes volnou sténu a také
parcidlné obturoval trikuspidalni Usti a pfechazel do pra-
vé komory (obr. 1). V dalsim kroku podstoupila pacientka
magnetickou rezonanci, kterd ukazala rozsah tumordézni
infiltrace a predevsim prestup pres sténu pravé komory
do perikardialniho prostoru. Postizeno bylo rovnéz me-
zisifiové septum, obé siné, usti horni duté Zily i vytokové
trakty obou komor, bez detekce perikardialniho vypotku.
Nejvétsi rozméry tumoru jsou 90 mm transverzalné, 80—
90 mm apikobazalné a 90 mm kraniokaudalné (obr. 2-4).
Ke stanoveni diagnézy byla provedena endomyokardialni
biopsie z pravé komory pod echokardiografickou kontro-
lou, nicméné bioptické vzorky jednoznac¢nou nadorovou
infiltraci nezachytily. V rdmci terapeutickych moznosti

Obr. 2 - Magneticka rezonance srdce, ¢tyrdutinova projekce, pozdni
syceni — nadorova infiltrace v pravostrannych oddilech. LK - leva
komora; LS - leva sii; PK — prava komora; PS — prava sin.

Obr. 3 - Magneticka rezonance srdce, ¢tyfdutinova projekce, ¢asné
syceni — nadorova infiltrace v pravostrannych oddilech. LK - leva
komora; LS - leva sin; PK — prava komora; PS - prava sin.

Obr. 4 - Magneticka rezonance srdce, kratka osa, pozdni syceni -
nadorova infiltrace v pravostrannych oddilech. LK - levé komora,
PK - prava komora.
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Obr. 5 - Srdecni svalovina extenzivné infiltrovana difuznim velko-
bunécnym B-lymfomem, barveni hematoxylin-eosinem, originalni
zvétseni 100x

Obr. 6 - Imunohistochemické vysetieni exprese CD20 s prikaznou

difuzni expresi CD20 v nadorovych burikach DLBCL, origindlni zvét-
eni 200x

bylo kontaktovano kardiochirurgické pracovisté stran
posouzeni operability, ale vzhledem k rozsahu postizeni
a nadoru nejisté biologické povahy nebylo operacni fese-
ni indikovéno. Ctvrty den hospitalizace doslo u pacientky
k nahlé obéhové zastavé, vstupné byla pfitomna asysto-
lie, byla zahajena rozsitend kardiopulmonalni resuscitace
vzhledem k potencidlni moznosti 1é¢by — chemoterapie
v pfipadé potvrzeni podezieni na srde¢ni lymfom. Avsak
resuscitace byla neuspésnd, obéh se nezdafilo obnovit,
echokardiograficky nebyly pfitomny znamky srdecni tam-
ponady, konstatovan exitus letalis. V ramci indikované
patologicko-anatomické pitvy byla prokazana generali-
zace maligniho non-hodgkinského periferniho B-lymfo-
mu, morfologicky a imunofenotypové odpovidajiciho di-
fuznimu velkobunéé¢nému B-lymfomu (DLBCL) postihujici
lymfatické uzliny retroperitonea a organy dutiny bfisni
i hrudni (obr. 5, 6). V srdci nadorova infiltrace vyplnovala
pravou sin s Utlakem levé siné, ¢astecné i pravou komoru
a obrustala vytokovy trakt obou komor (obr. 7, 8). Peri-
kard byl vyplnén pfiblizné 300 ml sangvinolentni tekuti-
ny. Pacientka umird pod obrazem srdecniho selhani.

Obr. 7 - Makroskopicky nalez na srdci pfi sekci u pacientky se
sekundarni tumorem srdce - difuzni velkobunécny B-lymfom

Obr. 8 - Makroskopicky nalez na srdci pfi sekci u pacientky se se-
kundarnim tumorem srdce - difuzni velkobunécny B-lymfom

Diskuse

Nadorova onemocnéni srdce jsou vzacna. Mlzeme je roz-
délit na srde¢ni tumory primarni a sekundarni, tedy meta-
statické, kdy jsou postizeny zejména struktury perikardu
v ramci Sifeni maligniho tumoru jiného primarniho origa.
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Metastazy byvaji asi 20- az 40krat ¢astéjsi nez primarni sr-
decni tumory a patfi mezi né napfiklad maligni melanom,
karcinom plic, karcinom prsu, lymfom a jiné."

Siteni tumord do srdce mGze probihat ¢tyfmi moznymi
zpUsoby: 1. hematogenné, 2. lymfogenné, 3. per continui-
tatem z mediastina ¢i plic a 4. transvendzné — prorUstanim
dolni a horni dutou Zilou, napfiklad z ledvin, nadledvin
anebo z jater ¢i plicni Zilou z plic."?

Primarni tumory jsou velmi vzacné, s ohledem na jejich
histologickou povahu se déli na tumory benigni a maligni.
Benigni tumory celkové tvofi 75 %, nejcastéjsi z nich jsou
myxomy (az 50 % vsech benignich nadort srdce), papildrni
fibroelastomy, pfipadné dalsi méné casté jako lipomy, fib-
romy, hemangiomy, rhabdomyomy. Maligni tumory tvofi
zbyvajicich 25 % srde¢nich nddorl — nejcastéji jsou to na-
dory vychazejici z mezenchymalni tkané — sarkomy (az 95
% malignich tumorl srdce), a to predevsim angiosarkom
u dospélé populace a rhabdomyosarkom v détském véku,
pfipadné mohou primarni tumory srdce vznikat z hemato-
poetické tkané (napf. DLBCL).>*

Klinickd manifestace je podminéna lokalizaci tumoru
v srdci, jeho velikosti a histologickou povahou. Dokonce
i mensi tumory histologicky benigni mohou vést k zavaz-
nému stavu a komplikacim, jako jsou embolizace do plicni-
ho nebo systémového recisté ¢i vznik arytmii. Vétsi tumory
jsou rizikové zejména z divodu obstrukce vtokovych/vy-
tokovych traktl nebo mohou vést az k srde¢nimu selhani.
Tedy obecné |ze pfiznaky rozdélit do tfi hlavnich skupin,
a to: 1. arytmie (poskozeni prevodniho systému srdecniho
¢i indukce malignich komorovych arytmii pfi prorastani
nadoru srdecnim svalem), 2. srdecni selhani pti obstrukci
vtokovych nebo vytokovych traktl (napodobujicich mit-
ralni nebo trikuspidalni stendzu), pfi postizeni chlopni i
jejich zavésného aparatu a také pfi postizeni systolické
nebo diastolické funkce srdec¢nich komor a 3. embolizacni
prfihody. Samostatnou skupinou pfiznakd jsou nespecific-
ké symptomy jako teploty, nocni poceni, nevysvétlitelnd
ztradta hmotnosti.>®

Ke stanoveni diagndzy se pouzivaji v prvé fadé razné
zobrazovaci metody, pomoci kterych jsme schopni urcit
presnou polohu tumoru, jeho rozsah, velikost a vztah
k okoli. Echokardiografie (transtorakalni a transezofage-
alni) hraje nezastupitelnou roli v diagnostice srde¢nich na-
doru jako zakladni zobrazovaci metoda. Nicméné pokrok
v dalsich zobrazovacich technikach (vypocetni tomografie
CT a magneticka rezonance) vyrazné zlepsil diagnostiku
s moznosti hodnoceni morfologie nadorové masy, jejich
hranic, cévniho zasobeni nebo rozsahu myokardiélni, en-
dokardialni nebo perikardialni invaze.® Magneticka rezo-
nance umozni komplexni pohled na danou problematiku.
TaktéZz pomdhad i ke stanoveni konkrétniho typu nadoru
diky zobrazeni jeho struktury, poskytuje cenné informace
o pritomnosti cystickych ¢i neovaskularizovanych oblasti,
nekréz, tuku, kalcifikaci, prokrvaceni a podobné. Tyto in-
formace pomahaji v dalsim rozhodovani a podle nich se
ridi diagnosticko-terapeuticky postup. Magnetickd rezo-
nance dokaze odlisit mezi nddorovou masou a nenadoro-
vym stavem (napriklad nitrosrde¢nim trombem).5”

Lymfom predstavuje pfiblizné 1 % vsech srdecnich nado-
r a maze byt jak primarni (ty jsou viak extrémné vzacné,
typicky jsou to non-hodgkinské difuzni B-bunécné lymfo-
my, mohou byt asociované s imunodeficitem), tak sekun-

darni postizeni srdce pfi generalizaci lymfomu.> Primarni sr-
dec¢ni lymfom miva akutni pribéh, diagnoza byva castokrat
stanovena az na zakladé sekéniho nalezu.® Obvykle srdecni
lymfomy vychazeji z pravé sinokomorové prepazky, Sifi se
do pravé siné a pravé komory a perikardu.®

Difuzni velkobunécny B-lymfom je nejcastéjsi variantou
non-hodgkinského lymfomu (NHL). Nej¢astéji se DLBCL vy-
skytuje v lymfatickych uzlinach, ale mlze postihnout kte-
rykoliv jiny orgdnovy systém. | kdyZ roste agresivné, po-
mérné dobre reaguje na lécbu, ktera spociva v kombinaci
antracyklinl a cyklofosfamidu. Musime si byt vzdy védomi
toho, Zze kromé samotného tumoru muze vést k dalSimu
kardialnimu poskozeni a rozvoji srde¢niho selhani i poda-
vana onkologicka [éc¢ba.>®

Zavér

Srdecni tumory predstavuji jen nepatrnou cast pfriciny
morbidity a mortality v kardiologii.® Jejich diagnostika
i 1éCba je zalozena na multioborové spolupréci s tymem
zahrnujicim kardiologa, onkologa, hematoonkologa,
patologa, radiodiagnostika a kardiochirurga. Nicméné
i pfes soucasné moznosti moderni diagnostiky a terapie je
v mnoha pfipadech prognéza nepfizniva, coz dokumentu-
je i popisovany pfipad.

Prohlaseni autorti o mozném stretu zajmu
Zadny stret zajma.
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Konzervativni lécba chronické diseminované intravaskularni
koagulopatie zplisobené disekci a aneurysmatem
torakoabdominalni aorty pomoci rivaroxabanu

(Conservative treatment of chronic disseminated intravascular coagulation caused
by chronic dissection and aneurysm of thoracoabdominal aorta with rivaroxaban)
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Chronickd diseminovana intravaskuldrni koagulopatie (DIC) predstavuje zZivot ohrozujici stav, pri kterém
dochazi k soucasné aktivaci koagulacniho a fibrinolytického systému, obvykle v dusledku perzistentni slabé
nebo chronické intermitentni aktivace koagulacnich procesd v organismu. Pfedevsim v populaci geriatric-
kych pacientu je nutné vzdy pomyslet na moznost aneurysmatu nebo chronické disekce aorty jako kauzalni
pficiny rozvoje chronické DIC. Prezentujeme pfipad 76leté polymorbidni Zeny s implantovanym stentgraf-
tem v hrudni aorté pro disekci typu B, u které byla zjisténa chronicka diseminovana koagulopatie manifestu-
jici se zavaznou recidivujici epistaxi. Pri¢inou rozvoje DIC bylo objemné aneurysma torakoabdominalni aorty
s pretrvdvajici disekci typu B. Vzhledem k polymorbidité a kfehkosti pacientky nebylo indikovano chirurgické
feSeni nebo endovaskularni intervence, ale byla zvolena konzervativni terapie a dlouhodoba antikoagulacni
lécba (rivaroxabanem) vedouci k Uspésnému zvladnuti stavu.

© 2022, CKS.

ABSTRACT

Chronic disseminated intravascular coagulation (DIC) represents a life-threatening condition, in which
activation of coagulation and fibrinolytic system occurs simultaneously, usually as a consequence of per-
sistent weak or chronic intermittent activation of coagulation system. Especially in the population of
elderly patients the possibility of aortic aneurysm and chronic aortic dissection as a precipitating factor
needs to be considered. We present a case of 76-year-old woman with a history of thoracic endovascular
aortic repair for aortic dissection Stanford type B four years earlier with repeated serious epistaxis during
months, who was diagnosed with chronic DIC due to persisting aortic dissection and complicating huge
thoracoabdominal aneurysm and was unsuitable for surgical or endovascular treatment for the general
health condition and frailty status. We initiated a therapy with anticoagulation (rivaroxaban) which has
led to successful outcome.
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Uvod

Chronickd diseminovand intravaskularni koagulopatie
(DIC) predstavuje Zivot ohrozujici stav, pri kterém nastava
soucasna aktivace koagulacnich a fibrinolytickych systé-
mu a muzZe vést k rozvoji zdvaznych krvacivych i trom-
botickych komplikaci. Chronickou diseminovanou intra-
vaskuldrni koagulopatii obvykle nalézdme predeviim
u pacientl s pokrocilou malignitou, rozsahlymi heman-
giomy ¢i onemocnénim jater, u kterych dochazi k perzis-
tujici nebo chronické intermitentni aktivaci koagulacnich
procesl v organismu. V populaci starSich pacientu je ale
nutné pomyslet i na moznost cévnich onemocnéni jako
pfi¢inu rozvoje DIC - pfedevsim patrame po aneurysmatu
aorty nebo pfitomnosti chronické aortdlni disekce. P¥i-
znaky chronické DIC jsou podobné jako u akutni formy
onemocnéni — tvorba tromb0 v cévnim fecisti s odpovi-
dajici symptomatologii tkariové ischemie a hemoragicka
diatéza. V pfipadé chronické formy jsou pfiznaky casto
okultni. Nejucinnéjsi terapie chronické diseminované in-
travaskularni koagulopatie asociované s aneurysmatem
nebo disekci aorty predstavuje kauzalni chirurgické re-
Seni nebo endovaskularni intervence, obé metody jsou
ale provazené signifikantnim rizikem rozvoje krvacivych
komplikaci a v pripadé chirurgického reseni i vy3si mor-
talitou." Pro kiehké polymorbidni pacienty je tedy casto
jedinou moznosti konzervativni l1é¢ba sestavajici ze sub-
stituce fibrinogenu, antikoagula¢nich a fibrinolytickych
[écCiv a jejich kombinace.

Metodika: Kazuistické sdéleni s popisem klinického
pribéhu, vysetireni a lécby pacientky s chronickou DIC
zpuUsobenou disekci torakoabdominalni aorty

Popis pfipadu

Sestasedmdesatileta Zzena s implantovanym stentgraftem
v hrudni aorté pro disekci aorty typu B v roce 2015, hy-
pertonicka, s permanentni fibrilaci sini, s ukon¢enou an-

tikoagulacni 1é¢bou warfarinem pred deseti mésici pro
prevazujici krvaciva rizika, po resekci svétlobunécéného
karcinomu levé ledviny v roce 2012, toho ¢asu neuziva-
jici chronicky zadnou antitrombotickou léc¢bu, byla po
dobu ¢ty mésicl opakované vysetifovana pro recidivujici
epistaxi na ORL oddéleni regionalni nemocnice. Posledni
ataka epistaxe vyustila v refrakterni nestavitelné krvaceni
s nutnosti orotrachealni intubace a umélé plicni ventila-
ce. Na zakladé klinické rozvahy a laboratornich vysledkt
byla potvrzena chronicka DIC (vstupné hodnota hemoglo-
binu 87 g/l, trombocyty 53,10%I, fibrinogen 0,8 g/, D-di-
mer 19,7 mg/l, TT 19,7 s, TTR 1,25, INR 1,26, aPTT 28,9 s,
antitrombin Il 83 %). Inicidlni |é¢ba zahrnovala prevody
erymas (celkem ctyfi jednotky), trombocytt (celkem dvé
jednotky) a plazmy (celkem osm jednotek), substituci
fibrinogenu (celkem 13 g), podani tranexamové kyseliny
(opakované 1 g) a od sedmého dne hospitalizace redu-
kované davky nizkomolekularniho heparinu (enoxaparin
4 000 IU pfi hmotnosti pacientky 51 kg, clearance kreatini-
nu 59 ml/min/1,73 m?). Postupné doslo k zastavé krvaceni,
pacientka byla extubovana treti den hospitalizace. V pa-
trani po spoustéjicim faktoru DIC jsme provedli CT trupu,
které prokdazalo objemné aneurysma torakoabdominalni
aorty a pretrvavajici disekci aorty typu B sahajici az ke spo-
le¢nym ilickym tepndm, je patrnd i dilatace ascendentni
aorty, avsak bez znamek postizeni disekci typu A (obr. 1).
Sestnacty den hospitalizace doslo k rozvoji bolesti a paré-
zy pravé horni koncetiny, pomoci CT byla vylou¢ena moz-
kova ischemie nebo hemoragie, na CT angiografii byla
nalezena okluze pravé axilarni tepny a ndsténnd trombo-
za levé podklickové tepny (obr. 2). Laboratorni parametry
v den trombotické komplikace: hemoglobin 106 g/I, trom-
bocyty 187,107, fibrinogen 3,0 g/l, D-dimer 16,38 mg/l, TT
15,7 s, TTR 1,0, INR 1,08, aPTT 25,3 s (obr. 3-6). Pacientka
byla prelozena na cévni chirurgii univerzitni nemocnice,
kde byla provedena trombektomie. Resekce a nahrada
torakoabdomindlniho aneurysmatu nebyla provedena
pro celkovy stav, kifehkost, vysoké operacni riziko a s re-
spektem k prani pacientky. V terapii byla ndsledné na-

Obr. 1- Aneurysma a disekce torakoabdominalni aorty v CT obraze: (A) sagitalni fez hrudni
aortou se stentgraftem; (B) koronarni fez s dvojitym lumen bfisni aorty; (C) rekonstrukce
torakoabdominalni aorty s trombdzou (Radiologické oddéleni, Oblastni Nemocnice Jicin)
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Obr. 2 - CT angiografie: (A) prehledna rekonstrukce; (B, C) nasténna trombdza a. axillaris vlevo (Radiologické
oddéleni, Oblastni nemocnice Jicin)
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Obr. 3 - Vyvoj hodnot krevnich elementt a koagulacnich parametri v ¢ase. AT3 - antitrombin Ill; DD - D-dimer;
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Obr. 4 - Vyvoj koncentraci fibrinogenu v case

vysena davka nizkomolekuladrniho heparinu (enoxaparin
4000 IU 2x denné). Celkem tedy byla podavana deset dni
davka enoxaparinu 4 000 IU jednou dennég, po trombek-
tomii pak dale ctyfi dny zvySena davka 4000 IU 2x denné).
V dalSim pribéhu byla pacientka obéhové stabilni, bez

Obr. 5 - Vyvoj hodnoty hemoglobinu a po¢tu trombocytl v ¢ase

znamek trombotickych nebo hemoragickych komplikaci.
Dle dostupné evidence (kazuisticka sdéleni) bylo rozhod-
nuto o zahdjeni perordlni antikoagulacni |é¢by reduko-
vanou davkou pfimého antikoagulancia (rivaroxaban 15
mg denné, off-label indikace).? Ve ¢tvrtém tydnu hospita-
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Obr. 6 - Vyvoj koncentraci D-dimeru v ¢ase

lizace byla pacientka propusténa v uspokojivém stavu do
domadciho osetfovani. Po dobu devitimési¢niho sledovani
byla nemocnd v dobrém stavu, bez znamek krvacivych
nebo trombotickych komplikaci.

Diskuse

Rozvoj chronické diseminované intravaskularni koagulo-
patie na podkladé aneurysmatu nebo chronické disekce
aorty v populaci geriatrickych pacientld maze predstavo-
vat relativné frekventni komplikaci téchto stavu (v litera-
ture popisovdno v rozmezi 0,5-5,7 %).2 Vzhledem k moz-
nosti oligosymptomatického pribéhu zlstdva chronicka
DIC casto dlouhou dobu nediagnostikovana a jako prvni
projev onemocnéni se vyskytne az fatalni krvaciva nebo
trombotickd pfihoda v rdmci progrese do akutni formy
onemocnéni.

V pfipadé suspekce na tuto jednotku bychom vzdy méli
komplexné vysetfit parametry koagulace. Ocekavame
prodlouzeni aPTT a PT, hodnoty antitrombinu Ill se bu-
dou sniZzovat, naopak koncentrace D-dimer0d a ostatnich
fibrin degradacnich produktl nalezneme zvysené. Vzidy
bychom méli doplnit odbér hodnoty fibrinogenu a trom-
bocytl, u kterych oc¢ekavame snizené hodnoty oproti nor-
mé. V natéru periferni krve nas zajima zachyt schistocytd.
V rdmci chronické DIC je vhodné doplnit odbéry i o aktivi-
tu proteinu C, kde predpokladdme jeji snizeni. K diagnos-
tice DIC mUzeme vyuzit skérovaci systémy — napf. skoére
Mezinarodni spole¢nosti pro trombdézu a hemostazu, The
ISTH Overt DIC Score (pro akutni DIC) a ISTH Non Overt
DIC Score (pro chronickou variantu).>

Lécba chronické DIC sestava z odstranéni vyvolavajici
pri¢iny, obéhové stabilizace a terapie koagula¢nich ab-
normalit. Kauzalni chirurgickd nebo endovaskularni |é¢ba
je vzdy metodou volby. U kifehkych nemocnych vy3siho
véku viak toto reseni neni ¢asto mozné a zbyvd nam pou-
ze farmakologicka a podpUrna terapie.

V rdmci managementu chronické DIC se snazime o pre-
ruseni aktivace koagulace a zaroven o substituci chybéji-
cich slozek koagula¢niho systému. V substitucni l1é¢bé se
nefidime pouze vysledky laboratornich test(, ale prede-
vsim klinickym stavem pacienta, tedy pritomnosti ¢i absen-
ci krvacivych nebo trombotickych komplikaci. K substituci
faktord a krevnich elementl poddvame erymasy a trom-
bokoncentrat, kdy se snazime udrzet hodnotu trombocy-
ta vys$si nez 50,10%I, fibrinogen poddvame pfi jeho pokle-
su pod 1 g/l, substituci antitrombinu Il cilime na hodnotu

100-120 %, cerstvou mrazenou plazmu prevadime pfi
krvacivych projevech a prodlouzeném PT, ke zvazeni je
podani rekombinantniho aktivovaného faktoru VIl a ak-
tivovaného proteinu C.>¢ Antikoagulacni [écbu poddvame
v pfipadé chronické DIC s cilem zastavit konsumpci koagu-
lacnich faktort a cyklus tvorby trombu a jejich destrukci,
neni-li pfitomno krvaceni.>>¢ V Gvodni fazi 1é¢by obvykle
podavame nefrakcionovany heparin (LMWH) nebo nizko-
molekularni heparin. Nefrakcionovany heparin a LMWH
potiebuji ke svému ucinku dostatecnou koncentraci an-
titrombinu 1l (alesport 70 %). Koncentraty protrombino-
vého komplexu rutinné nepodavdme.> U chronické DIC
v rdmci chronické disekce nebo aneurysmatu aorty je
popisovana zvysena aktivita fibrinolytického systému, ac-
koliv antifibrinolytickou 1é¢bu plosné v ramci DIC nezaha-
jujeme, v pfipadé asociace DIC s chronickou disekci nebo
aneurysmatem aorty je terapie kyselinou tranexamovou
k uvazeni.>’® Po stabilizaci pacienta je tfeba pokracovat
v chronické antikoagula¢ni |é¢bé, vyhodou je jednoznac-
né perordlné podavany pfipravek bez nutnosti monito-
race koncentrace léciva. Kazuistickd sdéleni opakované
dokladaji pfiznivy efekt rivaroxabanu,?°° ktery potlacuje
rozvoj DIC inhibici faktoru Xa.>'" Lé¢ivo neni schvaleno
v této indikaci, a jde tedy o off-label podani. Warfarin
v této indikaci je méné vhodny, jelikoz mlze prohloubit
koagula¢ni poruchu snizenim hodnoty proteind C a S.
Otazkou zUstava, zda je mozné pouzit v téchto klinickych
situacich i ostatni zastupce skupiny pfimych peroralnich
antikoagulancii (direct oral anticoagulants, DOAC) — api-
xaban, edoxaban a dabigatran. U vSech téchto Iéciv jsou
k dispozici kazuistickd sdéleni dokladajici jejich uspésné
pouziti v rdmci managementu DIC."""® V budoucnosti
tedy zfejmé Ize ocekdvat dalsi rozsireni indikace 1éciv ze
skupiny DOAC i o skupiny onemocnéni spojené s patolo-
gii hemostéazy. Problematické pouziti DOAC v rdmci tera-
pie chronické DIC bude u nemocnych s téZ3i renalni nebo
jaterni insuficienci.

Zaver

Konzervativni farmakologicka lé¢ba chronické DIC zpUso-
bené aneurysmatem nebo chronickou disekci aorty pred-
stavuje terapeutickou mozZnost pro nemocné nevhodné
k chirurgické nebo endovaskularni [écbé. Zaklad farmako-
terapie predstavuje kombinace substituce koagulacnich
faktord a antikoagula¢ni |é¢ba, v nasem pripadé reduko-
vana davka nizkomolekuldrniho heparinu ndsledovana



M. Fialova et al.

669

redukovanou davkou pfimého peroralniho antikoagulan-
cia, kombinovand s adekvatni podplrnou lécbou. Kazuis-
tika rovnéz doklada nutnost uzké mezioborové spolupra-
ce v ramci regionalnich a univerzitnich nemocnic.

Prohlaseni autorti o mozném stfetu zajmu
Autofi prohlasuji, Ze nemaji stfet zajma.

Financovani
Zadné.

Prohlaseni autort o etickych aspektech publikace
Sdéleni bylo vypracovano dle etickych standardt v soula-
du s Helsinskou deklaraci.

Literatura

1. Krol E, Panneton JM. Uncomplicated Acute Type B Aortic
Dissection: Selection Guidelines for TEVAR. Ann Vasc Dis
2017;10:1652169.

2. Koba S, Yamaguchi T, Miki K, et al. Management of Chronic
Disseminated Intravascular Coagulation Associated with Aortic
Aneurysm/Dissection. Case Rep Hematol 2019;2019:6204652.

3. Taylor F, Toh CH, Hoots K, et al. Towards Definition, Clinical
and Laboratory Criteria, and a Scoring System for Disseminated
Intravascular Coagulation. Thromb Haemost 2001;86:1327-
1330.

4. Lee JH, Song J. Diagnosis of non-overt disseminated
intravascular coagulation made according to the International
Society on Thrombosis and Hemostasis criteria with some
modifications. Korean J Hematol 2010;45(4):260-263.

10.

11.

12.

13.

Levi M, Toh CH, Thachil J, et al. Guidelines for the diagnosis
and management of disseminated intravascular coagulation.
British Committee for Standards in Haematology. Br J Haematol
Levi M, Toh CH, Thachil J, et al. Guidelines for the diagnosis
and management of disseminated intravascular coagulation.
British Committee for Standards in Haematology. Br J Haematol
2009;145:24-33.

Toh CH, Dennis M. Disseminated intravascular coagulation: Old
disease, new hope. Br Med J 2009;145:24-33.

Fujii M, Watanabe H, Otsu M, et al. Successful treatment of
disseminated intravascular coagulation associated with aortic
dissection. J Vasc Surg Cases Innov Tech 2018;4:268-271.
Yamada S, Asakura H. Management of disseminated
intravascular coagulation associated with aortic aneurysm and
vascular malformations. Int J Hematol 2021;113:15-23.
Kawano H, Hata T, Uda A, et al. Use of rivaroxaban for

the effective management of disseminated intravascular
coagulation associated with abdominal aortic aneurysm. Intern
Med 2015;54:2625-2628.

Kadohira Y, Yamada S, Matsuura E, et al. Aortic aneurysm-
associated disseminated intravascular coagulation that
responded well to a switch from warfarin to rivaroxaban.
Intern Med 2017;56:2913-2917.

Lippi G, Langer F, Favaloro EJ. Direct Oral Anticoagulants

for Disseminated Intravascular Coagulation: An Alliterative
Wordplay or Potentially Valuable Therapeutic Interventions?
Semin Thromb Hemost 2020;46:457-464.

Janjetovic S, Holstein K, Dicke C, et al. Apixaban for the
Treatment of Chronic Disseminated Intravascular Coagulation:
A Report of Two Cases. Hamostaseologie 2019;39:294-297.
Uemura S, Kobayashi H, Seki Y, et al. Successful treatment
with edoxaban for disseminated intravascular coagulation

in a case of aortic dissection complicated with immune
thrombocytopenic purpura. Intern Med 2020;59:2035-2039.



Kazuistika | Case report

Vzacna komplikace tako-tsubo kardiomyopatie

(A rare complication of Tako-tsubo cardiomyopathy)
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Tako-tsubo kardiomyopatie nebo také stresova kardiomyopatie je pomérné vzacné a ve vétsiné pripadi
reverzibilni onemocnéni myokardu. Pocatecni projevy maji podobné rysy jako akutni korondrni syndrom.
vazovan nadbytek katecholamind, ktery pak ma pravdépodobné ustredni roli v omraceni myokardu. Vypla-
veni katecholamini mnohdy predchazi fyzicky ¢i emociondlini stres. V prvni kazuistice predkladdme typicky
pfipad pacientky, u niz byl tako-tsubo syndrom vyvoldn dlouhodobé trvajicim stresem v zaméstnani, ktery
byl v prvni fazi povazovan za infarkt myokardu. Po stanoveni diagnézy a nasledné terapii doslo k Gplnému
uzdraveni pacientky. Ve druhém pfipadé se jednalo o polymorbidni pacientku, u které byl tako-tsubo syn-
drom diagnostikovan po silném emocionalnim stresu vyvolaném Umrtim blizké osoby a paralelné probihajici
infekci mocovych cest. Druhy pfipad byl doprovazen velmi vzacnou komplikaci — rupturou volné stény levé
komory.

© 2022, CKS.

ABSTRACT

Tako-tsubo cardiomyopathy, or stress cardiomyopathy, is a relatively rare and in most cases a reversible
disease of the myocardium, with early signs being similar to an acute coronary syndrome. The pathophys-
iology isn't known to this day, the most accepted theory being an excess of catecholamines that probably
plays a key role in stunning the myocardium. Excretion of catecholamines is mostly preceded by physical or
emotional stress. In the first case report, we present a typical patient, in which Tako-tsubo syndrome was
caused by long-lasting stress at work, being firstly misdiagnosed as a myocardial infarction. After making the
diagnosis and proper treatment, the patient made a full recovery. The second case is about a patient with
multimorbidity that was diagnosed with Tako-tsubo cardiomyopathy after extreme emotional stress due to
the death of a close person, along with an infection of the urinary tract. This case was associated with a very
rare complication: a rupture of the left ventricular free wall.

Uvod

ny spole¢ny geneticky zaklad. PGvodné byl tako-tsubo syn-
drom povazovan za relativné benigni onemocnéni s rych-
lym obnovenim srde¢ni funkce. Nové studie ale naznacuji,

Tako-tsubo kardiomyopatie, téz nazyvana stresova kar-
diomyopatie ¢i stresem indukovand myokarditida, je po-
mérné vzacné, ziskané onemocnéni myokardu."? Ceskou
kardiologickou spole¢nosti je pak Ffazena mezi neklasifi-
kované kardiomyopatie. Termin kardiomyopatie znamena
primarni onemocnéni srdec¢niho svalu a v klinické kardio-
logii se obvykle pouziva pro primarni poruchu srde¢niho
svalu genetického nebo nezndmého plvodu. Oproti tomu
se vSak nezd3, Ze by pacienti s tako-tsubo syndromem méli
primarni svalovou poruchu, a nebyl ani identifikovan zad-

Ze jde o zavaznéjsi srdecni poruchu s rdznymi komplika-
cemi.

Tako-tsubo kardiomyopatie je diagnostikovana asi
u 2 % nemocnych, ktefi podstupuji koronarografické vy-
Setfeni pro podezreni na akutni koronarni syndrom. Tento
odhad vsak nemusi byt zcela presny, resp. mlze byt pod-
hodnoceny, a to z divodu jednak nedostate¢ného roz-
pozndani dané nozologické jednotky a jednak mozZnosti
pfednemocni¢ni ndhlé srdecni smrti zplsobené tako-tsubo
syndromem.'3
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V posledni dobé je viak tako-tsubo syndrom stéle
Castéji spravné rozpoznan diky rozsifenému pfistupu ke
koronarni angiografii a rostoucimu povédomi o tomto
onemocnéni. S ohledem na uvedené lze pak ocekavat ros-
touci incidenci této jedinecné kardiomyopatie.'*

Prvni pfipad tako-tsubo kardiomyopatie dle literdrnich
pramenU poprvé popsali Dr. Hikura Sato a spol. v roce
1990.>7 Svllj nazev dostala podle obrazu pfi ventrikulo-
grafii podobajici se nadobé, kterou japonsti rybari uzi-
vaji k lovu chobotnic. Tako-tsubo pak pradvé v japonstiné
znamena past na chobotnice.®” Oproti tomu byl tento typ
kardiomyopatie popsdn v zapadni literature az o nékolik
let pozdéji, konkrétné v roce 1997.5

Jako nejpravdépodobnéjsi pfi¢ina vzniku tako-tsubo
kardiomyopatie se v soucasnosti povazuje nadbytek ka-
techolaminl vyplaveny napf. pfi emociondlnim rozruse-
ni ¢i v disledku jiné stresové odpovédi, ktery pak vede
k omraceni myokardu. Za zajimavou Ize oznacit i skutec-
nost, Ze zatimco muzi predstavuji méné nez 10 % pfripa-
dud, v 80 az 90 % pripadld byl tako-tsubo syndrom popsan
u Zen po menopauze.*’® Pravdépodobné se na tom podili
snizena hodnota estrogen(i ménici pomér zastoupeni f,-
a p,-receptor( ve prospéch B,-adrenergnich receptor(, vy-
skytujicich se v nejvétsim mnozstvi pravé v hrotové oblasti
levé komory. To poté vede k neadekvatni nadprodukci
katecholamin( v této lokalité.®1°

Kazuistiky

V prvni kazuistice prezentujeme pomérné klasicky pripad
tako-tsubo syndromu. Jednalo se o 54letou zdravotni ses-
tru, ktera byla v poslednich mésicich vystavena nepretrzi-
tému psychickému stresu ve svém zaméstnani. Pacientka
se lécila s arteridlni hypertenzi (trandolapril), diabetes
mellitus 2. typu (metformin, sitagliptin) a byla letitou ku-

fackou. V dopolednich hodinach byla pfivezena manze-
lem na urgentni pfijem okresni nemocnice. StéZovala si
na ndhlé tlakové bolesti v prekordiu s propagaci do krku
a dolni Celisti s pocitem horsiho dechu, jez se vyskytly z pl-
ného zdravi. Poc¢atecni hodnota krevniho tlaku dosahova-
la 210/130 mm Hg. Na EKG byly patrny elevace useku ST
ve svodu | a aVL a deprese useku ST kontralateralné (obr.
1). Cestou urgentniho pfijmu byla |écena pro podezieni
na infarkt myokardu s elevacemi tuseku ST (STEMI) bo¢ni
stény. lhned byla podana intravenézné kyselina acetylsa-
licylova 500 mg, heparin 8 000 j., fentanyl 2 ml, izosorbid-
-dinitrat sprej sublingvalné. S infuzi izosorbid-dinitratu
v davkovaci (10 mg/10 ml Isoket ve 20 ml fyziologického
roztoku, 2 ml/h) a oxygenoterapii (5 I/min) byla neprodle-
né prevezena cestou RLP do naseho kardiocentra. Pfi pfi-
jeti na nase pracovisté byla pacientka pfi védomi, orien-
tovand, bez dusnosti, somaticky nalez byl bez vyraznéjsi
patologie. Na vstupnim EKG byly patrny elevace useku ST
ve svodech |, aVL a deprese uUseku ST ve svodech I, IlI,
aVF, dale negativni viny T v |, aVL, V-V, (obr. 2). Nasled-
né byla provedena urgentni koronarografie s normalnim
nalezem na koronarnich tepnach. Ventrikulografie pro-
kazala akinezi pfedni a hrotové ¢asti spodni stény, mitral-
ni regurgitace nebyla patrna. Laboratorné byla pfitomna
pozitivita kardioenzymu, avsak nebyla pfitomna typicka
pozitivni dynamika (tabulka 1). Hodnota N-terminalniho
fragmentu natriuretického propeptidu typu B (NT-pro-
BNP) nebyla zvysena 193 pg/ml. Pti echokardiografii byla
patrna akineze hrotu a tézsi hypokineze hrotové casti
levé komory srdecni zlepsujici se smérem k bazi. Ejekéni
frakce (EF) levé komory byla hrani¢ni kolem 50 %. Pra-
va komora byla bez poruch kinetiky. Nebyla popsana vy-
znamna chlopenni vada. Vysledky provedenych vysetfeni
a klinicky stav pacientky dotvarely obraz typicky pro ta-
ko-tsubo kardiomyopatii. U pacientky byla nové zahaje-
na lécba beta-blokatory (bisoprolol 5 mg 1x denné). Ve
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Obr. 1 - Prvni natocené EKG ve spadové nemocnici s elevacemi useku ST ve svodech |, aVL a deprese
useku ST ve svodech 11, IlI, aVF
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Obr. 2 - Vstupni EKG v kardiocentru, kde byly stale patrny elevace Useku ST a deprese v kontralateral-
nich svodech s vyvojem negativnich Tvinv |, avL, V-V,

stabilnim stavu byla pacientka v dalSich dnech prelozena
k doléceni zpét na interni oddéleni spadové okresni ne-
mocnice. V okresni nemocnici byla jesté cca tyden sledo-
vana na jednotce intenzivni péce pro prodlouzeny inter-
val QTc (obr. 3). Po aplikaci magnezia a kalia v8ak doslo
brzy k normalizaci pfevodnich intervald (obr. 4). Po celou
dobu hospitalizace nebyla zachycena komorova arytmie.
Pfi kontrolni echokardiografii po tfech tydnech byla pa-
trna Uplna restituce srdec¢nich funkci, nebyla popsana po-
rucha kinetiky a doslo ke zlepseni ejek¢ni frakce na 68 %.
Sama pacientka subjektivné udavala témér normalizaci
stavu a na jeji prfani byla po dvou mésicich uschopnéna
pro denni sluzby. BEhem nasledujicich dvou let pak byla
uschopnéna kompletné.

V dalsi kazuistice popisujeme pfipad 87leté polymor-
bidni pacientky, ktera se chronicky Iécila s diabetes mel-
litus 2. typu (humulin M3 16 j. s.c. rdno), arterialni hyper-
tenzi (perindopril 8 mg v kombinaci s indapamidem 1,25

mg 1x denné, rilmenidin Tmg 1x denné), revmatoidni ar-
tritidou s dlouhodobym uzivanim kortikoidd (prednison
20 mg 1x denné) a dlouhodobé byla sledovana na urolo-
gii pro maligné imponujici loZisko pravé ledviny (na prani
pacientky resSeno konzervativné).

Pacientka byla plvodné hospitalizovana na infek¢nim
oddéleni pro infekci mocovych cest a suspektni pneumo-
nii. Celkové zhorseny stav pacientky pramenil i z nedavné
smutné rodinné udalosti, umrti syna. Byla ji aplikovana
antibiotika (cefotaxim 2 g i.v., clarithromycin 500 mg 2x
denné, ampicilin 1 g 4x denné). BEhem vysetfovani a 1é¢-
by byl jako vedlejsi ndlez na CT zaznamenan suspektni
maligni, stfedné velky bilateralni fluidotorax a fluidope-
rikard, infiltrativni zmény popsany nebyly. Dle doplnéné
echokardiografie nebyly pfitomny echokardiografické
zndmky srde¢ni tamponady. Levd komora vykazovala
dobrou systolickou funkci, ejekéni frakce byla 72 %. Pa-
cientka byla asymptomatickd stran kardialnich obtizi,

Tabulka 1 - Vyvoj laboratornich hodnot béhem 24 hodin u prvni pacientky

1.den
Troponin | 4,15 ng/l
Kreatinkindza 1,82 pkat/I
CK-izoenzym MB 0,36 pkat/l
NT-proBNP 193 pg/ml

Po 7 hodinach 2.den
2,59 ngl/l 0,98 ng/l
1,70 pkat/l 1,19 pkat/l
0,33 pkat/l 0,27 pkat/l

NT-proBNP - N-termindlni fragment natriuretického propeptidu typu B.

Tabulka 2 - Vyvoj laboratornich hodnot béhem 24 hodin u druhé pacientky

1. den
Troponin | 1015 ng/l
Kreatinkindza 2,57 pkat/l
CK-izoenzym MB 0,77 pkat/l
NT-proBNP 34 575 ngl/l

Po 5 hodinach 2.den

8770 ng/l 6 750 ng/l
2,27 pkat/l 1,53 pkat/l
0,76 pkat/l 0,46 pkat/l

NT-proBNP - N-termindini fragment natriuretického propeptidu typu B.
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Obr. 3 - Prodlouzeny interval
QT (QTc 608 ms)

Obr. 4 - Normalizace pfe-
vodnich intervalli po aplikaci
magnezia a kalia

Obr. 5 - Elevace tseku ST ve
svodech |, aVvL, V-V,
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Obr. 6 - Bed-side echokardiografie, substernalni projekce pfi polo-
ze vleze, patrna srde¢ni tampondda s Uplnym kolapsem pravé siné
a komory. (H - hemoperikard - svétly trombus, tmavsi volna teku-
tina, LK - leva komora, kde je jiz spontanni echokontrast, srazena
krev, leva sin neni dobre prehledna).

proto byl zvolen konzervativni postup. V medikaci byla
zahéajena lécba kolchicinem. Nesteroidni antirevmatika
nebyla nasazena pro renalni insuficienci a probihajici
infekci mocovych cest. K posouzeni psychickych funkci
byl konzultovdn psychiatr, ktery diagnostikoval uzkost-
né-depresivni poruchu a doporudil antidepresiva (citalo-
pram 10 mg 1x denné) a anxiolytika (oxazepam 10 mg 2x
denné). Na nase oddéleni byla pacientka pfijata o tfi dny
pozdéji s podezienim na transmurdlni infarkt myokardu
bo¢ni stény. Pacientka udavala ndhle vzniklé bolesti na
hrudi, bez dusnosti a na EKG byly popisovany elevace ST
ve svodech |, aVL, V-V, (obr. 5). Pfi pfijmu byla pacientka
spolupracuijici, bez klidové dusnosti, s klidnou pravidel-
nou srdecni akci, normotenzni. Poslechové nevykazovala
zndmky akutniho levostranného srde¢niho selhani, dolni
koncetiny byly bez otokl. Ihned byla pfevezena do kate-
triza¢ni laboratore s provedenim selektivni koronarogra-
fie. Nebyla vsak pfitomna zadna koronarni léze vysvét-
lujici soucasny stav pacientky. Na véncitych tepnach byly
popsany pouze okrajové nerovnosti. Doplnéna ventriku-
lografie vsak odhalila akinezi hrotu a pfilehlé poloviny
predni, bo¢ni a spodni stény, tj. obraz imponujici jako
tako-tsubo kardiomyopatie. Tento nédlez byl pozdéji po-
tvrzen i doplnénou echokardiografii, pfi které byl dale
popisovan stfedné velky perikardidlni vypotek a snizena
ejekéni frakce levé komory srdecni 38 %. Laboratorné
¢inila vstupni hodnota troponinu I 1 015 ng/l, maximal-
ni hodnota pak byla 8 773 ng/l (tabulka 2). Hodnota NT-
-proBNP byla vyrazné elevovana (34 575 ng/l) pfi soucasné
pfitomné stiedné tézké renalni insuficienci s kreatininem
124 pmol/l. Byla zahajena lécba srde¢niho selhani a pe-
rikarditidy a pacientka byla za pomoci této 1écby stabi-
lizovdna. Druhy den vecer pacientka pfi defekaci nahle
upadla do bezvédomi, doslo k zastavé dechu a elektro-
mechanické disociaci. BEhem kardiopulmondlni resuscita-

ce byla pomoci echokardiografie patrna masivni srde¢ni
tampondda pfi ruptufe volné stény levé komory srdecni
(obr. 6). Resuscitace byla nelspésna a echokardiograficky
nalez byl nasledné potvrzen i pfi pitvé.

Diskuse

Tako-tsubo kardiomyopatie nebo také stresova kardio-
myopatie je pomérné vzacné a ve vétsiné pripadu rever-
zibilni onemocnéni myokardu. Pocatecni projevy maji
podobné rysy jako akutni koronarni syndrom. Patofyzio-
logicky mechanismus neni dosud presné znam. Nadby-
tek katecholaminl ma ale pravdépodobné ustiedni roli
v omraceni myokardu a v soucasnosti je povazovan za
nejpravdépodobnéjsi pficinu rozvoje tako-tsubo kardio-
myopatie.2 Hodnoty katecholamint v séru jsou pfi tomto
onemocnéni vyrazné vyssi nez klidové hodnoty u stejné-
ho pacienta nebo u srovnatelnych pacientt s akutnim
srde¢nim selhanim v dusledku akutniho infarktu myo-
kardu.® Vyse popsany patofyziologicky mechanismus je
obecné pfijiman vétsinou odbornikd, nicméné neni je-
diny. Teorii o zvy$ené hodnoté katecholamini nékteré
prace zpochybnuji a oznacuji ji pouze za kompenzacni
mechanismus." Dal$i prace se pak zabyvaji ptsobenim
presynaptickych neuront sympatiku, tedy noradrenalinu
a neuropeptidu Y, které mohou svym toxickym pusobe-
nim na myokard vést k epikardidlni a mikrovaskularni
dysfunkci.'*" U nékterych lidi se po vystaveni vyvolava-
jiciho faktoru nemoc vyvine, u jinych nikoliv. Stale neni
jasné pro¢, nicméné svou roli zde pravdépodobné hra-
je i genetickd predispozice." Spoustécem je casto ndahly
a neocekdvany emocionalni ¢i fyzicky stres. Mezi bézné
hlasené stresory patii informovani o smrti blizkého ¢lo-
véka, spolecenské udalosti, jako je naptiklad proslov na
verejnosti, a Uzkost nebo bolest souvisejici s lékarskym
zakrokem.>'° Byl hlasen i iatrogenni tako-tsubo syndrom
po podani sympatomimetik, napf. dobutamin pfi zatézo-
vé echokardiografii.? Dle kohortovych studii se vsak az ve
tfetiné pripadu zadny stresovy spoustéc nepodafilo iden-
tifikovat.! Vékové rozmezi pacientll je pomérné Siroké,
a sice od prvni do devaté dekady. Nejcastéji se viak vysky-
tuje v Sestém, respektive sedmém decenniu.>'> Nejmlad-
$im hlasenym pacientem s tako-tsubo syndromem pak byl
novorozenec narozeny v 28. gestacnim tydnu.' Pokud jde
o charakteristické projevy onemocnéni, jsou jimi poruchy
kinetiky postihujici nejcastéji apikalni a stfedni segmenty
levé komory."® V nékolika pfipadech viak byla popsana
i atypicka varianta tako-tsubo, a to s hypokinezi predni
a zadni stény a normokinezi hrotu, ktera byla nazvana
jako prechodna regionalni hypokineze levé komory ve
tvaru kastanu.’? Pocatecni projevy maji podobné rysy jako
STEMI nebo infarkt myokardu bez elevaci tseku ST (NSTE-
MI)."® Syndrom se déle v 50 az 60 % pripadl projevuje
bolesti na hrudi (nékteré zdroje uvadéji az v 90 %). Méné
Castym priznakem je pak popisovana dusnost (pfiblizné
ve 20-30 %). Byly hlaseny i nespecifické pfiznaky, jako
je synkopa, palpitace, hypotenze, slabost, kasel, horecka
a dyspeptické obtize.>* V laboratornich odbérech typicky
dochazi, a to u vice nez 90 % pacientd, ke zvyseni kar-
diospecifickych markerd, tedy hodnot sérovych troponi-
na, kreatinkinazy a jeji izoformy. Jejich narust je viak ne-
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umérné nizky a kontrastuje s velkym rozsahem poruchy
kinetiky levé komory, a je tak vyrazné nizsi nez u akut-
nich koronarnich syndrom0. Také pokles jejich hodnot je
Casngjsi.#'2 Naopak koncentrace srdecnich natriuretickych
peptidd BNP a NT-proBNP v séru jsou u tako-tsubo kar-
diomyopatie vétdinou vyrazné elevovany. Casto je tato
elevace az extrémni, a proto jsou zafazeny do novych
diagnostickych kritérii. Nizka hodnota NT-proBNP muze
spolehlivé naznacovat pfiznivou prognézu.t Zkoumaly se
i dalsi biomarkery, zejména sérové katecholaminy jako
epinefrin, norepinefrin, dopamin, dale neuropeptid-Y
a serotonin. V klinické praxi se viak zatim nedoporucuji.®
Pfi hodnoceni EKG zaznamu nachazime normalini kfivku
jen vzacné, asi jen u 6 % nemocnych. Ve valné vétsiné
pfipadu je na elektrokardiogramu zaznamenana abnor-
malita. BEhem akutni faze (< 12 h od zacatku priznakua)
se vyskytuji elevace useku ST. Castéji se elevace useku ST
vyskytuji ve svodech V, az V, neZ ve svodech V, az V.. Bé-
hem nékolika hodin se poté segment ST normalizuje a je
nasledovan vyvojem negativnich vin T ve svodech V, az V,,
I a aVL. Tyto zmény mohou pretrvavat tydny az mésice.
Interval QT se zpocatku casto prodluzuje a ke zpétnému
zkraceni muze dojit az po tydnech. Samo prodlouzeni je
Casto vyrazné, a mlze tak snadno predchazet komoro-
vym tachykardiim typu torsade de pointes ¢i fibrilacim
komor. U STEMI je prodlouzeni intervalu QT, zplsobené
koronarni okluzi, vidét jen zfidka, a mlze tedy pomoci re-
trospektivné rozlisit tyto dvé nozologické jednotky. Zfid-
ka se vyskytuje deprese Useku ST a vyvoj kmitu Q. Avsak
EKG kritéria sama o sobé nestaci k odliseni tako-tsubo
syndromu od STEMI.37:#

Transtorakalni echokardiografie (TTE) by méla byt po-
uzita jako prvni neinvazivni zobrazovaci metoda k ové-
feni diagnézy tako-tsubo syndromu. Lze pfi ni hodnotit
morfologii a funkci srde¢nich komor a detekovat poten-
cidlni komplikace jako dynamickou obstrukci vytokového
traktu levé komory srde¢ni, jez je podminéna doprfednym
systolickym pohybem predniho ¢i obou mitralnich cipa,
stfedné tézkou az tézkou mitralni regurgitaci ¢i postize-
nim kontraktility pravé komory, a to nejcastéji apikola-
teralniho, anterolaterdlniho nebo spodniho segmentu.
Daéle lze pfi TTE zobrazit tvorbu trombu a rupturu volné
stény. Jednim z klicovych rysd této diagnézy je dysfunk-
¢ni oblast myokardu presahujici oblast zasobeni jedné ko-
ronarni tepny. Echokardiografii lze monitorovat celkovy
prubéh onemocnéni az po zotaveni.”#"°

Dalsi zobrazovaci metodou uzivanou pfi diagnostice je
magneticka rezonance (MR), kterd presnéji posuzuje re-
giondlni funkce levé i pravé komory. MuUze také objasnit
patofyziologii a eventualné pficinu srde¢ni choroby, a od-
lisit tak tako-tsubo syndrom od jinych srdec¢nich chorob.?
Pravd komora srdecni je postizena az u jedné tretiny pa-
cientld a MR casto poskytuje Uplnéjsi pohled na pravou
komoru na rozdil od echokardiografie. UzZiti MR je téz
lepsi k detekci apikalnich levokomorovych trombu u pa-
cientl s velkymi oblastmi apikalni akineze. MR dale pro-
kazuje edém myokardu v misté typické poruchy kinetiky
levé komory (T2 vazené zobrazeni). Dokaze tak odlisit ta-
ko-tsubo syndrom od akutniho infarktu myokardu, nebot
neni vyjadreno (nebo je vyjaddieno jen minimalné) pozdni
syceni kontrastni latkou (late gadolinium enhancement,
LGE) dané absenci nekrézy srde¢niho svalu. Porucha ki-

netiky je zde podminéna prfechodnym omracenim myo-
kardu."® Pokud je to mozné a MR je dostupnd, méla by
byt zvaZena u viech pacientl s podezienim na tako-tsubo
syndrom v akutni fazi, tedy pfriblizné do sedmi dnt od
zacatku priznakd. Dale mlze slouzit pro potvrzeni obno-
vené komorové funkce.*”8

V klinické praxi pak pred vypocetni tomografickou
angiografii dostdva prednost selektivni koronarografie
(SKG). SKG je povazovana za zlaty standard, pfi kterém
Ize v pfipadé prokazani akutniho korondrniho syndro-
mu ihned katetrizacné zasdhnout.* Avsak pro subakutni
faze, tj. vice nez 48 hodin od zacatku bolesti, ¢i pro re-
trospektivni hodnoceni pacienta s typickou anamnézou
tako-tsubo syndromu pred tydny nebo mésici mlze byt
dané neinvazivni vySetfeni pfinosnéjsi, a to i za cenu vys-
$i radiacni expozice. V soucasné dobé neexistuje lékarské
oduvodnéni pro oddaleni invazivni korondrni angiogra-
fie u pacientud s pokracujici akutni bolesti na hrudi a akut-
nimi zménami na EKG.8

Vyse byl popsan primdrni syndrom tako-tsubo, jehoz
akutni pfiznaky jsou primdrnim ddvodem pro vyhledani
lékarské péce. Dale autofi uvadéji jesté tzv. sekundarni
tako-tsubo syndrom, ktery mize komplikovat celou fadu
zdravotnich stavl. Vyskytuje se Casto u jiz hospitalizova-
nych pacientd pro jiné onemocnéni. Nahla aktivace sym-
patického nervového systému nebo narlst katecholami-
nU vyvolava akutni syndrom tako-tsubo jako komplikaci
primarniho stavu nebo jeho lécby. Patfi sem napfiklad
tyreotoxikéza, subarachnoidalni krvaceni, akutni my-
asthenia gravis, syndrom Guillaina-Barrého, akutni exa-
cerbace astmatu nebo chronickd obstrukéni plicni nemoc
(CHOPN), plicni embolie, akutni pankreatitida, ale tfeba
i potrat nebo Uzkostné a panické poruchy. Dale Ize syn-
drom tako-tsubo diagnostikovat pfi akutni myokarditidé,
a dokonce i po nékterych kardiologickych vykonech, jako
je zatézovd dobutaminova echokardiografie, radiofre-
kven¢ni ablace, implantace kardiostimulatoru, elektricka
kardioverze a tak dale."®

Dfive nebyl tako-tsubo syndrom povazovan za zavazné
onemocnéni, a to predevsim z diivodu rychlého obnoveni
srdecni funkce. Na zdkladé poznatkl z poslednich studii
doprovazenou nejriiznéjsimi komplikacemi.

Mezi nejcastéjsimi komplikacemi Ize uvést akutni sr-
decni selhani, které se vyskytuje az u 12-45 % pfipadd, Ci
mitralni regurgitace vyskytujici se u 14-25 % pacientu. PFi-
blizné u 25 % nemocnych je prokdzana dynamicka prekaz-
ka vytokového traktu levé komory (LVOTO), kdy omraceni
apikalnich segmentt myokardu a hyperkontrakce bazalni
oblasti levé komory zpGsobi dynamicky intraventrikuldrni
tlakovy gradient a dopredny systolicky pohyb predniho
nebo obou cipd mitralni chlopné. U 20 % pacientl dochazi
ke vzniku kardiogenniho Soku, ktery je nejcastéji zpUso-
ben akutni dysfunkci levé komory a mUze byt dale zhorsen
dysfunkci pravé komory, jiz uvedenou LVOTO nebo akutni
mitrdlni requrgitaci. Letalita je vysokd, dosahuje az 30 %.
Dalsi pomérné béznou komplikaci u tako-tsubo syndromu
je arytmie (5-15 % pacientt), pficemz komorové arytmie
se vyskytuji u 4-9 % pacientd béhem akutni faze syndro-
mu. Ve vzacnych pripadech byly komorové arytmie zdo-
kumentovany po tydnech od prvni manifestace tako-tsubo
kardiomyopatie. V akinetickém srde¢nim hrotu je ve 2-8 %
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pfipadd popisovan trombus, ktery maze vést k cévnim kom-
plikacim ve smyslu systémové embolizace. Béhem faze zo-
tavovani byla u nékterych pacient pozorovana akutni pe-
rikarditida s opakujici se bolesti na hrudi, elevaci useku ST
a malym mnozstvim perikardidlniho vypotku. Naopak velmi
vzacnou komplikaci je perikardialni tampondda vyzadujici
perikardiocentézu (0,05 %). Dalsi velmi vzacnou komplikaci
je ruptura volné komorové stény nebo intraventrikuldrni-
ho septa (pod 1 %). Dle dostupnych zdrojd bylo dosud hla-
$eno méné nez 25 pripadld.* Vyskytuje se vétsSinou 2-8 dni
po nastupu pfiznakl a casto pfi ni pretrvava zvyseni useku
ST.? Pravé pretrvavani elevace useku ST mUze byt dobrym
prediktorem pro srde¢ni rupturu obvykle benigné probi-
hajiciho onemocnéni. K Upravé useku ST obvykle dochazi
do tfi dnd od pocatku nemoci, k prevraceni viny T pak do-
chazi do dvou dnUl. Poté se po nékolik dni stava plochou
a znovu se prohloubi pfiblizné za dva az tfi tydny. Interval
QT se prodluzuje spolu s prohlubuijici se vinou T a zkracuje
se s normalizaci viny T.° Ruptufe mize napomahat i vysoky
gradient vytokového traktu.®

Pro stanoveni diagnézy tako-tsubo syndromu je tfeba
vyloucit dalsi stavy, jako je koronarni onemocnéni, feo-
chromocytom, subarachnoidalni krvaceni, subduralni he-
matom a akutni myokarditida.’? Vzhledem k dramatické
akutni fazi a jiz popsanym moznym malignim kompli-
kacim je pacienty s podezfenim na tako-tsubo syndrom
nutné hospitalizovat na jednotce intenzivni péce. U ne-
komplikovaného pribéhu dochdzi béhem nékolika tydna
k normalizaci funkce levé komory a dlouhodobd progné-
za je srovnatelnd s béznou populaci. Recidivy se uvadéji
pfiblizné v 10 % pfipadd.’® Lécba neni dostatecné podpo-
fena studiemi a jako takova neexistuje. U stabilnich pa-
cientl jsou podavany beta-blokatory se snahou o ovlivné-
ni dynamické obstrukce vytokového traktu levé komory.
Pokud neni obstrukce vyjadiena, podavaji se i inhibitory
angiotenzin konvertujiciho enzymu (ACEIl). Pfi rozsahlé
poruse kinetiky levé komory se doporucuje antikoagula¢-
ni terapie a pfi srde¢nim selhavani i podavani diuretik.™
Ddle je Zadouci podat anxiolytika ¢i antidepresiva pacien-
tam s anamnézou psychického stresového faktoru jakozto
spoustéce onemocnéni, se snahou snizit pravdépodobnost
opakovani kardiomyopatie v nasledujicich letech.

Nemocni¢ni Uumrtnost pacientd s tako-tsubo syndro-
mem je ve velkych studiich a registrech uddvana kolem
3 %. Umrti je zplGsobeno refrakternim kardiogennim 3o-
kem nebo fibrilaci komor a je spojeno s jeho akutni fazi.*

V prvni kazuistice popisujeme typicky pripad pacientky,
u niz byl tako-tsubo syndrom vyvolan dlouhodobé trvaji-
cim stresem v zaméstndni, ktery byl v prvni fazi povazo-
van za infarkt myokardu. Po stanoveni spravné diagnézy
a nasledné terapii doslo k Uplnému uzdraveni pacientky.
Ve druhém pfipadé se jednalo o polymorbidni pacientku,
u které byl tako-tsubo syndrom diagnostikovan po sil-
ném emocionalnim stresu vyvolaném umrtim blizké oso-
by. Zde byl provazeny velmi vzacnou komplikaci ruptury
volné stény levé komory. Radi bychom zde poukazali na
hodnoty natriuretickych peptidd, které u obou pacientek
predikovaly jejich prognézu. Setkali jsme se také s velmi
vzacnou komplikaci tako-tsubo kardiomyopatie, ktera se
v literature vyskytuje pouze v jednotkach pripadd. V obou
nami prezentovanych kazuistikdch se jednalo o Zeny po
menopauze, coz je typické pro tako-tsubo syndrom.

Zavér

Tako-tsubo kardiomyopatie je prozatim stéle vzacné one-
mocnéni srdce. Nicméné s ohledem na rozvoj kardiolo-
gie a zvysujici se povédomi o této nemoci pocet pacienttd
s touto diagndézou postupné narlsta. Jeho priznaky jsou
snadno zaménitelné s akutnim koronarnim syndromem
a je tfeba na to pomyslet pii diferencidlni diagnostice.
Spravna a brzka diagndza je dulezitd pro klinickou lécbu,
zejména v rané fazi. Ackoli od prvniho popsaného pfi-
padu uplynulo jiz vice nez 30 let, patofyziologie zlstava
i nadale predmétem dalsiho vyzkumu. K objasnéni jejich
zdkladnich mechanismu jsou nezbytné dalsi studie.
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Kontext: Anomalni odstup levé véncité tepny z plicnice (anomalous origin of the left coronary artery from
the pulmonary artery, ALCAPA) je vzacné vrozena srdecni vada spojena se zavaznymi otazkami z hlediska
diagnostiky, operativy i postoperacni péce.
Popis pfipadu: Popisujeme pripad 16mési¢niho pacienta, u kterého byla na nasem pracovisti provedena
chirurgicka korekce ALCAPA. Pacient byl dopraven do nemocnice s tézkymi symptomy srdecniho selhani,
jako jsou dusnost, kasel a neprospivani. Vysetreni prokazalo snizenou funkci levé komory a tézkou nedo-
statecnost mitralni chlopné v dusledku dilatace levé komory. V tomto pfipadé nebyl nalezen kmen levé
véncité tepny, ale dvé Usti (r. interventricularis anterior a r. circumflexus na plicnici); koronarni tepnu se nam
podafilo zaviit pomoci 4mm zaplaty z perikardu (pericardial roll extension). Vykon si nevyzadal pouziti zad-
ného zafizeni pro mechanickou podporu srdecni funkce. Dlouhodobé sledovani pacienta (7 let) prokazalo,
Ze pacient vykon pieZil a jeho stav byl v Rossové klasifikacnim systému srdecniho selhani (Ross Heart Failure
Classification) hodnocen stupném I. Kontrolni echokardiografické vysetieni prokazalo zlepseni ejekéni frak-
ce levé komory a zmirnéni nedostatecnosti mitralni chlopné.
Zavér: Chirurgicka korekce anomaliniho odstupu levé korondrni tepny z plicnice stale jesté predstavuje na-
ro¢ny vykon, je viak vynikajici moznosti, jak zlepsit pacientovu kvalitu Zivota. Korekce s pouzitim zaplaty
(pericardial roll graft) by se mohla stat fakultativnim vykonem pfi feseni této anomalie pro obnoveni dual-
niho systému korondrnich tepen.

© 2022, CKS.

ABSTRACT

Background: Anomalous origin of the left coronary artery from the pulmonary artery (ALCAPA) is a rare
congenital heart defect that has serious challenges from diagnostic, surgical, to postoperative management.
Case description: We report a 16-month-old patient, who underwent ALCAPA repair in our center. This
patient came to the hospital with severe heart failure symptoms such as shortness of breath, cough and
failure to thrive. Decreased left ventricle function and severe mitral valve regurgitation due to left ventricle
dilatation was found. In this case, the left main artery (LMA) was not found and there were two ostial of the
left anterior descending artery and circumflex artery on the pulmonary artery; we managed the coronary
artery transfer by using 4-mm pericardial roll extension. No mechanical assist device was needed. Long-term
follow-up of the patient (7 years) showed that the patient survived and had a class | Ross Heart Failure Clas-
sification. Follow-up echocardiography revealed improvement of left ventricular ejection fraction and mitral
valve regurgitation.

Conclusion: ALCAPA repair is still a challenging procedure but has an excellent opportunity to improve the
quality of life of the patient. Pericardial roll graft could be an optional procedure for ALCAPA repair to
restore the dual coronary artery system.
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Introduction

ALCAPA is a rare congenital anomaly that often causes
myocardial ischemia and infarction within the first few
weeks or months after birth, subsequently leading to left
ventricular dysfunction, mitral valve insufficiency, and
congestive heart failure.” Infant with ALCAPA are subject
to acute myocardial ischemia because of a lack of well-
-developed collaterals and at high risk of death without
surgical intervention. In this case report, we report the
perioperative management of ALCAPA case with long-
-term follow-up result.

Case presentation

Clinical case

A 16-month-old patient underwent ALCAPA repair in our
center. The body weight was 13 kg. The patient presen-
ted with severe heart failure symptoms such as shortness
of breath, cough and failure to thrive. Preoperative ROSS
Heart Failure Classification was class IV. On echocardio-
graphy examination, we found decreased ventricular
function (left ventricular ejection fraction was 45%) and
severe mitral valve regurgitation.

Surgical management

We used standard procedures, including induction of
anesthesia, bi-caval cannulation, antegrade cardiople-
gia and mild hypothermia (32-34 °C). Cardioplegia was
administered through cannulation in the aortic root
with the addition of selective perfusion of the left co-
ronary artery using an olive-tipped catheter after ope-
ning the pulmonary artery. Interestingly, the left main
artery (LMA) was not found and there were two ostial
of the left anterior descending artery and circumflex
artery on the pulmonary artery. Since the direct im-
plantation was not possible, the reimplantation of the
left coronary artery was performed with the addition
of a 4-mm pericardial roll as an interposition graft (Figs
1A, 1B). We used 7-0 nonabsorbable monofilament su-
tures to construct a 15 mm length of pericardial roll

over the Hegar dilator. The anastomoses were created
using a continuous 7-0 nonabsorbable monofilament
suture. The conduits were secured to the epicardium
to relieve tension and prevent angulation. The cross-
-clamp time was 90 minutes and the cardiopulmonary
bypass time was 192 minutes. The chest was closed wit-
hout significant hemodynamic changes and transferred
to the pediatric intensive care unit.

We found no major cardiac adverse event (MACE),
such as malignant arrhythmia during post-operative care.
The patient was extubated 48 hours after surgery. No
mechanical-assisted device was used postoperatively. The
ICU length of stay was 9 days and the patient was dis-
charged on the day 19 after surgery.

The long-term result was evaluated. The ROSS Heart
Failure Classification was class I. The patients also had
no hospital re-admission history related to cardiac prob-
lems. Latest echocardiography data were collected and
we found that mitral regurgitation was significantly im-
proved postoperatively with better left ventricular ejec-
tion fraction (Fig. 1C).

Discussion

Various surgical methods are performed to increase
the survival rate of ALCAPA patients. Earlier, ligation
of the anomalous artery originating from the pulmona-
ry artery was performed. However, this method causes
complete dependence on the collateral circulation,
resulting in a higher initial mortality rate than expec-
ted.? Currently, the success of ALCAPA repair surgery
depends on the success of the dual coronary artery sys-
tem. Several techniques, such as Takeuchi procedure
or direct reimplantation of LCA are the procedure of
choice to achieve the best vascularization.** Several re-
ports have confirmed that the direct reimplantation of
the anomalous coronary into the ascending aorta has
good early and late results.” However, stenosis or to-
tal occlusion of the LCA occasionally can be seen after
repair. Factors related to this complication are short-
-length of LCA, the origin of the LCA from the lateral

Fig. 1 - Coronary reimplantation to the aortic root using 4-mm pericardial roll (A and B); echocardiography
prior to surgery (C) and at 6 years after operation (D) showed improvement of mitral valve regurgitation.
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aspect of the PA, and compression by the repaired PA.
In addition, the vicious circle of ischemia, LV distension,
and increased PA pressure may play a role in stretching
the re-implanted coronary artery.®

Direct reimplantation of LCA to the aortic root might
not be possible and need an additional conduit to mini-
malize the chance of a kinked artery, such as subclavian
artery graft of PTFE graft.®” As we found in our case, the
left main artery was unavailable and there were 2 ostia
of left anterior descending and left circumflex artery. Mo-
bilization of both the coronary artery to the aortic root
was not possible. We used a 4-mm pericardial roll due
to the absence of the left main artery. Post operatively,
we found no ST-elevation changes and no increment of
cardiac marker. We also found that long-term follow-up
of the pericardial roll graft showed good flow patency.
This method could be an optional procedure for ALCAPA
repair.

Normalization of LV function occurs in ALCAPA pa-
tients, and some patients experience improvement within
1 month, 50% improvement in less than 1 year.® A pos-
sible mechanism for restoration of cardiac function after
the repair is myocyte hyperplasia in young patients. The
potential for complete myocardial recovery after revascu-
larization following chronic myocardial ischemia in this
patient can be explained by the hibernation phenome-
non.tIn our study, we found that all the patient who sur-
vived had class | ROSS Heart Failure Classification which
means that the heart function was significantly improved
after the surgery with improvement of heart contractility
and regurgitation.

Conclusion

The success in the management of patients ALCAPA is
a serious challenge of diagnostic, surgery techniques, car-
dioplegia techniques and postoperative treatment. The
restoration of dual coronary artery system is the best op-
tion to achieve the best vascularization of myocardium.
After long-term follow-up, all of the patients who survi-
ved showed significant improvement of heart function.
Therefore, ALCAPA repair is still a challenging procedure
but has a good opportunity to improve quality of life of
the patient.
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Acute occlusion of an anomalous left circumflex
artery after aortic valve replacement
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A 55-year-old male patient with an anomalous left circum-
flex artery (LCX) from the right sinus of Valsalva under-
went aortic valve replacement (AVR) with a St. Jude re-
gent 21mm valve (Abbot Inc, St Paul, MN) and tricuspid
valve annuloplasty with a CE 32 mm ring (Edwards Life-

Fig. 1 - (A) Coronary angiography showing the anomalous left cir-
cumflex artery from the right sinus of Valsalva. (B) Cardiac com-
puted tomography showing the anomalous left circumflex artery
from the right sinus of Valsalva. (C) Postoperative coronary an-
giography showing the acute occluded left circumflex artery. (D)
Postoperative coronary angiography after successful percutaneous
coronary intervention of the occluded left circumflex artery.

sciences, Irvine, CA) (Fig. 1A, 1B). Postoperative coronary
angiography showed an acute occluded LCX (Fig. 1C). The
patient underwent successful percutaneous coronary in-
tervention of the occluded LCX (Fig. 1D).

Anomalous LCX from the right sinus of Valsalva occurs
infrequently; however, it can create a challenge during
AVR. Technical considerations during surgery (avoid over-
sizing, sutureless valves, prophylactic coronary artery by-
pass grafting) reduce the risk of injury or compression of
the anomalous LCX and prompt postoperative diagnostic
coronary angiography in case of hemodynamic ischemia
and stenting of the occluded artery could be the first
line treatment in these patients.”* A written informed
consent was obtained from the patient to present these
images.
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I Zemrel prof. MUDr. Karel Zeman, CSc.

V pondéli 10. 10. 2022 nahle a necekané zemrel vyznam-
ny brnénsky kardiolog, pedagog, skvély ¢lovék a hlavné
nestor I. interni kardioangiologické kliniky LF MU a FN
u sv. Anny v Brné.

Narodil se 17. kvétna 1937 nedaleko Brna ve Slapani-
cich. Ovlivnén rodinnym prostfedim, otcem, ktery praco-
val jako dentista, a strycem, ktery externé prednasel na
LF, bylo jeho snem studovat medicinu. V roce 1957 na-
stoupil do 1. ro¢niku na lékarskou fakultu, tehdy Univer-
zity Jana Evangelisty Purkyné v Brné a promoval v roce
1963. Po ukonceni vojenské sluzby nastoupil na interni
oddéleni nemocnice v Kyjové. Od roku 1968 az do konce
svého zivota pracoval na l. interni, nyni kardioangiologic-
ké klinice LF MU ve FN u svaté Anny v Brné. Jeho hlavnim
zdjmem byla medicina, neustdle se vzdélaval a ziskaval
nové zkusenosti v oblasti akutniho koronarniho syndro-
mu, arytmologii, elektrofyziologii pfevodniho srde¢niho
systému a v poslednich letech vyzkumu aterosklerdzy.

Atestaci z vnitfniho Iékarstvi I. a Il. stupné slozil v le-
tech 1967 a 1971, kardiologickou atestaci v roce 1977.
Kandidatskou disertacni praci ,Invazivni elektrofyziolo-
gické vysetfovani siiokomorového uzlu a jeho ovlivnéni
fizenou elektrostimulaci a farmaky” obhdjil v roce 1986.
V devadesatych letech obhajil habilita¢ni praci a Fadnym

profesorem pro obor vnitini lékafstvi na LF MU byl jme-
novan v roce 1995.

Na I. interni klinice v roce 1969 byl inicidtorem budova-
ni koronarni jednotky, jedné z prvnich v CSR, v roce 1970
se podilel na zaloZeni trvalé kardiostimulace a pracovisté
pro invazivni elektrofyziologické vySetifovani srdce. V roce
1976 byl jmenovan ordinafem pro kardiologii a krajskym
kardiologem Jihomoravského kraje. Od roku 1986 byl po-
véren vedenim koronarni jednotky.

Védeckd a publikac¢ni ¢innost byla zamérena na kardio-
logii, intenzivni pé¢i o nemocné s akutnim koronarnim
syndromem, docasnou a trvalou kardiostimulaci, neinva-
zivni a invazivni diagnostiku poruch prevodniho srde¢niho
systému, lécbu srdec¢nich arytmii a vysokého krevniho tla-
ku. Zavadeél nové katetriza¢ni a [é¢ebné metody u srdecni-
ho infarktu a poruch srdec¢niho rytmu. Jako prvni provedl|
v roce 1973 v Brné punkci juguldrni zily, ktera byla od té
doby pouzivana pro docasnou srdecni stimulaci, odbér
krve a urgentni medikamentézni |é¢bu, hemodynamické
monitorovani krevniho tlaku a srde¢niho vydeje.

Je autorem monografie , Koronarni syndrom a jeho in-
tenzivni péce” pro lékare a sestry, dale monografie pro
Iékare ,Poruchy srde¢niho rytmu v intenzivni péci”. Po-
dilel se aktivné na monografii ,Kardiologie” prof. Stejfy.

Publikoval vice nez 150 praci, v 65 je prvnim autorem.
Za plvodni praci ,Vysetfeni atrioventrikuldrniho pre-
vodniho srde¢niho systému sifilovou stimulaci”, kde byl
uveden jako prvni autor, ziskal se spolupracovniky v roce
1976 cenu roku Ceského literarniho fondu - sekce pro vé-
deckou a odbornou literaturu.

Byl ¢lenem fady odbornych spole¢nosti, cestnym cle-
nem CKS, emeritnim profesorem LF MU a v roce 2019 oce-
nén dékanem LF za celoZivotni praci pro LF.

Profesor Karel Zeman byl aZ do své nahlé smrti oporou
kliniky, aktivné se podilel na vyuce a zkouseni medika.
V osobé profesora Zemana ztraci kardiologicka i univer-
zitni obec obétavého lékare, védce, ucitele, a hlavné ka-
marada a pfitele.

Mily Karle, za vse, co jsi vykonal, Ti dékujeme a budeme
na Tebe stale s vdécnosti vzpominat.

Za vsechny pracovniky I. interni kardioangiologické kli-
niky LF MU a FN USA se louci,

Lenka Spinarova a Jifi Vitovec
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I Zemrel profesor MUDr. Zbynék Pisa, CSc.

Ceska kardiologicka spole¢nost se smutkem pfijala zpra-
vu, Ze nds 19. fijna 2022 ve véku nedozitych 99 let opustil
pan profesor MUDr. Zbynék Pisa, CSc.

Profesor Zbynék PiSa se narodil 3. 2. 1924, promoval
na Fakulté lékafstvi Karlovy univerzity v Praze v roce
1950, deset let pak pracoval v Ustavu pro choroby obé&hu
krevniho (UCHOK) a Institutu klinické a experimentalni
mediciny (IKEM) Praha. Jeho hlavnim profesionalnim za-
mérenim byla nejprve klinicka fyziologie, zabyval se expe-
rimentalné problematikou infarktu myokardu. V letech
1961-1962 absolvoval studijni pobyt na Pneumoconiosis
Research Unit ve Walesu u profesora Archieho Cochrane-
ho, zakladatele , evidence based medicine”. Tato staz mu
poskytla nezbytnou metodologii a navedla ho na velmi
Uspésnou drdhu epidemiologie, prevence a rozsahlych
klinickych studii. Postupné z néj pak vyrostla mimorad-
na osobnost svétové kardiologie, coz si dovoluji dolozit
citaci z materiald University of Minnesota, Heart Attack
Prevention, kde byl uvefejnén v roce 2002 rozhovor, ktery
s panem profesorem PiSou vedl Henry Blackburn:

~Zbynek Pisa is a clinical physiologist and pioneer car-
diovascular disease (CVD) epidemiologist who for years
headed Chronic Diseases in the World Health Organiza-
tion (WHO) European Office in Copenhagen. There he
supervised the Myocardial Infarction Registers and later
directed the WHO CVD Unit in Geneva from which he co-
ordinated the international MONICA surveillance study.”

Od roku 1964 totiz témér dvacet let pusobil ve vyso-
kych funkcich ve Svétové zdravotnické organizaci (WHO)

nejprve v Kodani a poté v Zenevé. Jako jeden z hlavnich
organizatorl realizoval fadu vyznamnych projektt WHO,
nejen v oblasti zfizovadni koronarnich jednotek, akut-
ni péce o pacienty s infarktem myokardu a jejich rychlé
rehabilitace, ale v neposledni fadé také prevence (The
North Karelia Project). Jak to v epidomiologii byva, fada
téchto programi Uspésné koncila az po jeho odchodu
z WHO (MONICA Project).

Po navratu do Ceskoslovenska v roce 1983 pracoval
opét v IKEM Praha v oblasti preventivni kardiologie az do
roku 1994, kdy odesel do dichodu. Pfi dnesnim pohle-
du na kardiovaskularni problematiku je pozoruhodné, zZe
to byl prdvé pan profesor Pisa, ktery nejprve realizoval
projekt registru akutnich infarktd myokardu a na néj pak
navazal projektem MONICA. V rozhovoru s Henry Black-
burnem v roce 2002 hodnotil vznik projektu MONICA
takto:

~MONICA was started by the Conference of ‘78. The
Decline Conference in Bethesda. | am convinced that we
could never have started MONICA if we would not have
had experience with the myocardial infarction registers.
Of course, MONICA was the major contribution of WHO
in that it lasted for 10 years and so many people were
involved in it. And there were clinicians and they lear-
ned the epidemiological methods and they saw how you
have to adhere to the protocol, which was agreed and
approved, to compare the international data. This means
[that] epidemiological thinking in the heads of clinicians
became really foremost.”

Kdyz si uvédomime, Ze toto vSechno tedy zacalo s re-
gistry infarktu myokardu v 60. letech, je az neuvéfitelné,
jakym vizionarem profesor Pisa byl. Stal se tak mimorad-
nou osobnosti, ktera skvéle reprezentovala Ceskosloven-
sko na poli svétové kardiologie a jeho prace zanechala
trvalou stopu v oblasti preventivni kardiologie. Jeho syn,
profesor Pavel Pisa plsobi 40 let v oblasti klinické a expe-
rimentdlni onkologie na Karolince ve Stockholmu. Sam
vyjadfil ndzor, Ze pohledem zpatky prostredi a atmosféra
nékdejsiho UCHOK v Praze byly vyjimeéné pro mladé, am-
biciézni |ékare, kterym daly nejen védecké zaklady, ale
i vize presahujici obzory jejich profesionalni kariéry. Tim-
to UCHOK vychoval celou fadu pfednich klinickych osob-
nosti celosvétového dosahu.

Cest pamatce velikana nasi kardiologie - profesora
MUDr. Zbyrika Pisi, CSc.

Za vybor CKS a celou kardiologickou spole¢nost se louéi,
Michael Aschermann
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Docent MUDr. Ivan Malek, CSc.,

oslavi zivotni jubileum

Pan docent lvan Mdlek oslavi 15. 12. osmdesaté naroze-
niny! Ten, kdo mad moznost se s nim potkavat, by tomu-
to ozndmeni jisté nechtél uvérit — Ivan je stale ve formg,
prace je pro néj trvale potésenim. Promoval na 1. LF UK
v Praze v roce 1966, do prazského IKEM nastoupil v roce
1972 a kromé stipendijniho pobytu Svétové zdravotnic-
ké organizace (WHO) na Univerzité v Géteborgu v letech
1975-1976 je IKEM vérny az do dnesni doby. Absolvoval
atestaci I. i Il. stupné z interniho lékarstvi, pak i z kardio-
logie (1981), mezitim stihl obhdjit kandidaturu (1976)
a v roce 2001 byl habilitovan. Po navratu ze Svédska se
v IKEM stal nejprve védeckym pracovnikem oddéleni
akutni kardiologie (1976-1988), poté vedoucim lUzkové-
ho oddéleni Kliniky kardiologie IKEM (1988-2005) a od
roku 1997 byl také vedoucim oddéleni transplantace nit-
rohrudnich organtl (nyni oddéleni srdec¢niho selhdni), na
tomto pracovisti pusobi do dnesni doby jako konzultant.
Hlavnich okruht jeho védeckych zajmU bylo postupné
nékolik: hemodynamika a plicni funkce u akutniho in-
farktu myokardu, studie o ochrané myokardu pfi ischemii
a reperfuzi, zhodnoceni beta-blokatoru v sekundarni pre-
venci infarktu, dale pak diagnostika a 1é¢ba myokarditi-
dy a také problémy pokrocilého srde¢niho selhani véetné
transplantace srdce.

V ramci této ¢innosti byl fesitelem 12 vyzkumnych uko-
|G ministerstva zdravotnictvi a grantl International Grant
Agency (IGA), spolufesitelem vyzkumného zdméru (VZ)
IKEM. Jako autor publikoval vice nez 100 pavodnich sdé-
leni ve formé publikaci, prednasek s abstraktem ¢i poste-
rd. Je autorem monografie , Transplantace srdce. Pohled
kardiologa”, dale také fady kapitol v monografiich a pre-
hledovych sdéleni v kardiologickém tisku.

Mnoho let je také oblibenym pedagogem jak v IKEM,
kde je skolitelem védeckych aspirantd, tak v Institutu
postgradualniho vzdélavani ve zdravotnictvi, kde se podi-
li na doskolovani kardiologl a internistd v problematice
srdecniho selhdni a transplantace srdce, na 3. LF UK pak
pusobi jako externi utitel. Je samozfejmé ¢lenem Ceské
kardiologické spole¢nosti, dnes jiz ¢lenem cestnym, v le-
tech 1996-1999 byl i ¢lenem vyboru CKS. V sou¢asné dobé
pusobi jesté ve vyboru Asociace srde¢niho selhani CKS, po-
dilel se na tvorbé ceské verze guidelines pro diagnostiku
a |é¢bu srde¢niho selhani. Jeho dlouholeta prace v oblasti
srdecnich transplantaci je velmi zndma a je také cestnym
¢lenem Spolecnosti pro organové transplantace CLS JEP.

Ivan Malek byl vzdy prijemnym a vtipnym spolecnikem,
v odbornych diskusich byl vzdy korektnim partnerem
s obdivuhodnou paméti a noblesou. Kromé vazné hudby,
kterou ma rad, se v mladi se vénoval fadé sport(: volejba-
lu, fotbalu a tenisu, vie sleduje se zajmem jiz vice pasivné
dodnes. S velkou rodinou — manzelkou, pani docentkou
Janou, syny Filipem (dnes profesorem kardiologie) a Da-
nielem (zurnalistou) ma v dnesni dobé oblibené prede-
viim vylety a turistiku na milované Vysociné, kam ho casto
provazi i jeho pét vnuka.

Mily Ivane, dovol mi, abych Ti za sebe i za vybor Ceské
kardiologické spole¢nosti podékoval za ohromny kus pra-
ce, kterou jsi s radosti a velkym nasazenim vénoval nasi
kardiologii. Vénoval jsi ji pfedevsim tém vsem nemocnym,
ktefi Ti chodi podékovat po provedené transplantaci srd-
ce. Asi nemas spocitané vsechny indikace, ale v tomto
programu jsi v Ceské republice zanechal nesmazatelnou
stopu. At jsi zdrav a miuZeme Té déle potkdvat na nasich
sjezdech a odbornych akcich.

Srdecné,
Michael Aschermann
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Profesor MUDr. Josef Kautzner, CSc., FESC,

slavi 65. narozeniny

Foto: Jifi Kotatko

V listopadu letosniho roku oslavil pétasedesatiny profe-
sor Josef Kautzner, prednosta Kardiocentra IKEM a Klini-
ky kardiologie IKEM v Praze. Poznali jsme se v roce 1976
jako studenti tzv. nultého rocniku — ten tvofili nepfijati
studenti na medicinu, ktefi dostali $anci si to odpracovat
jako pomocné sily na rtznych klinikach fakulty, jednou
tydné se zucastriovali odbornych seminafd a vrcholem pro
nékteré byla poté navstéva hospody, kde se vie diskuto-
valo. Ta hospoda byla ,¢tyrka” na rohu Lipové a Katefin-
ské a nerfeklo se ji jinak nez Uterus. Pro nas to vrchol byl
a oba s Pepou jsme tam pravidelné chodili. Zajimavosti je,
Ze oba jsme puvodné medicinu délat nechtéli a az razny
zdsah nasich raznych otct zpusobil, Ze z Pepy nebyl aka-
demicky malif a ze mé& muzikant. Béhem studii v rdznych
paralelkach jsme se setkavali hlavné na vojenské pripravé
a zejména praktické ukazky vojenské discipliny pred pub-
likem ze sousedni venerologické kliniky byly nezapome-
nutelné.

Po promoci nastoupil Pepa (ja mu nikdy jinak nefikal)
na dva roky do Odborného Ié¢ebného ustavu tuberkulézy
a respiracnich nemoci Na Plesi a poté v roce 1985 presel na
IIl. interni kliniku VFN v Praze. Tady nastésti poznal kardio-
logii, doktora Munclingera a kouzlo interven¢nich metod.
Zacal studovat plicni hypertenzi, vénoval se invazivnimu
vysetfovani chlopennich vad a koronarniho recisté. Ates-
tace zinterniho lékafstvi I. a Il. stupné ziskal v letech 1987,
resp. 1991. Poc¢atkem 90. let zacali s Dr. Munclingerem sé-
riové testovat antiarytmika u pacientl s komorovymi ta-
chykardiemi po infarktu myokardu. Tak se poprvé setkal
s elektrofyziologii. V letech 1992-1994 absolvoval staze

v St. George's Hospital v Londyné a v St. Luke’s Episcopal
Hospital v Houstonu, které definitivné urcily jeho budouci
profesni zaméreni — intervencni 1é¢ba srdec¢nich arytmii.
Béhem dalsiho jiz dvouletého pobytu v Londyné zdoko-
nalil svoje zkuSenosti s katetrizacnimi ablacemi arytmif
a takto vybaven nastoupil v roce 1996 do IKEM. Toto pra-
covisté bylo tehdy jedno ze tfi, kde se katetriza¢ni ablace
arytmii zacaly provadét u dospélych. Po 13 letech se tedy
nase cesty opét protaly v IKEM, kam jsem ja nastoupil po
promoci. Ackoliv jsme pracovali na jedné klinice, setkavali
jsme se pouze kratce na rannich hlasenich, ponévadz jsme
oba travili vétSinu casu na katetriza¢nich sdlech. Situace
se zménila v roce 2001, kdy se Pepa stal po uspésném kon-
kursu prednostou Kliniky kardiologie IKEM a mé si vybral
jako svého zastupce. Ackoliv profesor Kautzner je zosob-
nénim nikdy nespici sopky, ktera misto lavy chrli napady
a podnéty k préci, vydrzelo ndm to 21 let.

Pepa se od zacatku prace v IKEM vénoval zejména
problematice srde¢ni elektrofyziologie a s tim souvisejici
intervenc¢ni a pristrojové Iécby arytmii. Spolu s profeso-
rem Taborskym byli prvni lékafi, ktefi v CR implantovali
v roce 1999 pfistroj pro resynchronizacni lécbu srdecni-
ho selhani. V roce 2000 pouzil poprvé elektroanatomicky
mapovaci systém a zacal se zabyvat ablacemi komorovych
arytmii. O tfi roky pozdéji zavedl u nas intrakardidlni
echokardiografii a nase pracovisté je v tomto ohledu jed-
nim z prednich center v Evropé. Pozdéji se stal expertem
v pouziti elektromechanické robotické navigace. V roce
1998 ziskal titul CSc. za disertacni praci o neinvazivnich
technikach pro rizikovou stratifikaci po infarktu myokar-
du (IM) a v roce 2001 obh4jil habilita¢ni praci Klinické as-
pekty stratifikace rizika malignich arytmii po IM. V roce
2001 byl jmenovan prednostou Kliniky kardiologie IKEM
a béhem 20 let se mu podafilo vybudovat moderni a re-
spektované pracovisté s evropskou Urovni vysledkd a kva-
lity péce. V roce 2005 byl jmenovan profesorem vnitfniho
lékarstvi na 1. lékafské fakulté UK v Praze a v roce 2021
prednostou Kardiocentra IKEM.

Ceho si na profesoru Kautznerovi velmi cenim, je jeho
vytiibeny klinicky cit a nevycerpatelna chut predavat svo-
je bohaté zkusenosti nabyté neuvéritelnou pili vsem, ktefi
mu chtéji naslouchat. To mezi takovymi odborniky nenf
bézné. Dlkazem je jeho pedagogickd ¢innost s mimorad-
né Sirokym zdbérem — dlouha léta pusobil jako lektor na
interni klinice VFN, prfedndsi v IPVZ na predatestac¢nich
kursech a seminafich, pro studenty zdravotnické techniky
v Liberci, doved| k uUspésné obhajobé Ph.D. osm dokto-
randud, predndsi na Lékarské fakulté Univerzity Palacké-
ho v Olomouci, plsobi jako konzultant v UVN v Praze,
v nemocnici v Olomouci a Tfinci, pfednasi v nejriznéjsich
edukacnich programech EHRA i pro fellows celé fady me-
zinarodnich firem vyvijejicich zdravotnickou techniku. Od
roku 2006 je hlavnim organizatorem Roadshow KK IKEM,
coz jsou vyjezdni semindfe pro nemocnice spolupracujici
s IKEM, a od roku 2017 je hlavnim organizatorem Kardio-
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akademie IKEM, coz jsou sobotni vyukové seminare s té-
maty z celé kardiologie. Mezi jeho nejvyznamnéjsi me-
zindrodni edukacdni aktivity patfi organizace workshopt
o katetriza¢nich ablacich s Zivymi prenosy, které porada
kazdoroc¢né od roku 1998 az do soucasnosti, nyni pod né-
zvem Prague Rhythm. Po 25 letech patfi tento workshop
k jedné z nejvyznamnéjsich akci tohoto druhu na svété,
a diky ucasti pfednich osobnosti svétové arytmologie tak
pfispél k vychové mnoha odbornikd z fady zemi.
Profesor Kautzner patii mezi hlavni postavy bourlivé-
ho rozvoje arytmologie a zejména katetrizacni 1é¢by sr-
de¢nich arytmii v Ceské republice v poslednim ¢tvrtstoleti.
Neni tak divu, Ze se z néj stal i mezinarodné uzndvany
odbornik v tomto oboru, cozZ se odrdzi i v jeho aktivitach
v Evropské kardiologické spole¢nosti (ESC), Evropské aso-
ciaci srde¢niho rytmu (EHRA) i v americké Heart Rhythm
Society. Byl jedno obdobi ¢lenem vyboru ESC, ¢lenem
edukacniho vyboru a vyboru pro regulacni zélezZitosti
a nékolik let ¢clenem programového vyboru kongresu ESC.
Podobné byl ¢lenem vyboru EHRA, opakované clenem
programového vyboru kongrest Europace a jednou pre-
zidentem kongresu konaného v Praze. Dodnes pracuje
jako hodnotitel abstrakt pro vsechny tfi uvedené odbor-
né spolecnosti. Je drzitelem titulu Fellow of the European
Society of Cardiology (FESC) a Cestnym ¢lenem nékolika
evropskych ndrodnich asociaci srde¢niho rytmu. Obdivu-
hodna je i jeho publika¢ni a vyzkumna aktivita. Je auto-
rem 347 recenzovanych ¢lankd, 100 prehledovych ¢lankl
(24 984 citaci dle Web of Science databaze; H index 65),
7 monografii, 55 kapitol v knihach a celé rady editorialt
a kapitol v odborné literature. Je recenzentem a ¢lenem
redak¢ni rady v radé ceskych i svétovych prestiznich perio-

dik. Byl hlavnim fesitelem osmi dokoncenych grantovych
projektl a v soucasné dobé pusobi jako hlavni resitel i
spoluresitel v dalSich domacich i zahrani¢nich vyzkumnych
projektech. Od roku 2001 je ¢lenem védecké rady IKEM,
které pét let predsedal a od roku 2019 je ¢lenem védecké
rady Lékarské fakulty Univerzity Palackého v Olomouci.
Profesor Kautzner je jednim z hlavnich poradateld velké
ucebnice Kardiologie, referenc¢niho dila v této odbornos-
ti, kterd vysla v tisténé i elektronické podobé. Protoze
znam jeho smysl a cit pro racionalni preciznost, pfivital
jsem nasi spolecnou praci na monografii Akutni kardiolo-
gie, kterd ma za sebou jiz tfi vydani.

Popsana aktivita profesora Kautznera hranici az s nad-
pozemskymi schopnostmi, ale profesor si rad poslechne
klasickou hudbu, potési ho krasny obraz, rozumi humoru,
ma rad dobré jidlo, dobré vino, radd si zatan¢i a to jsou
veskrze pozemské slasti. Je také vasnivym fotografem. Se
svoji zenou lékarkou vychoval syna a dceru; syn je vyborny
ortoped a dcera zosobnila otcovy umélecké sny, vystudo-
vala konzervatof a vénuje se hie na housle a pedagogické
¢innosti. Nyni vsichni sdili radost ze ¢ty vnucek.

Mily Pepo, rad bych Ti touto cestou srdecné popral za
sebe i viechny spolupracovniky z Kliniky kardiologie IKEM
k Tvému vyznamnému Zivotnimu jubileu naddle pevné
zdravi, mnoho let spokojeného a produktivniho Zivota,
pokracujici elan a radost z rodiny a vyjadril velké diky za
Tvoji praci a odevzdani ve prospéch ceské i mezinarodni
kardiologie i vSech Tvych pacientu.

Jifi Kettner

Profesor MUDr. Josef Kautzner, CSc.,

slavi zivotni jubileum

9. listopadu oslavil 65. narozeniny pan profesor Josef Kautz-
ner, dlouholety ¢len Ceské kardiologické spole¢nosti,
opakované ¢len vyboru CKS. Profesiondlni i zivotni pout
sepsal velmi podrobné jeho kamarad a spolupracovnik
doc. MUDr. Jiti Kettner, CSc. (viz vyse).

Za vybor CKS a jisté i za celou kardiologickou obec se ke
gratulaci pfipojujeme. Co jesté dodat? Domnivam se, Ze
je to predevsim celoZivotni laska ke kardiologii, ktera pfi-
vedla Pepu Kautznera na $pi¢ku mezi kardiology jak v Ces-
ké republice, tak i na urovni evropské, coz je vzhledem
k ohromné mezindrodni konkurenci mimoradny uUspéch
celé ceské kardiologie. Na zadkladé jeho vysokych profe-
siondlnich kvalit pfedevsim v oblasti arytmologie se prof.
Kautznerovi podafilo ziskat prestizni postaveni v Evropské
kardiologické spole¢nosti — stal se ¢lenem vyboru ESC, coz
se z Ceské republiky v poslednich tficeti letech podafrilo

pouze ¢tyfem ceskym kardiologlim. Stejné tak mimorad-
na je organizace workshoput Prague Rhythm, které oslavi
v pristim roce Ctvrt stoleti existence, patfi v této oblasti
mezi vysoce cenéné akce, na které do Prahy pfijizdi pra-
videlné svétova Spicka arytmologie. Publika¢ni a edukacni
¢innost pana profesora je obdivuhodna a je vyborné, ze
v nich stale velmi ¢ile pokracuje.

Mily Pepo, vaZeny pane profesore, prejeme tedy dobré
zdravi, stdle neutuchajici chut prispivat k ucté pro ceskou
kardiologii jak doma, tak po svété, at Té stdle potkavame
v plné sile a uzivame si Tvého velkého ducha védéni.

Srdecné,
Michael Aschermann
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Praktické aspekty rizikové stratifikace vybranych
srdecnich onemocnéni pomoci biomarkeru
growth differentiation factor 15

Martin Hutyra, Jifi Pafenica, Stépan Havranek

Uvod

Growth differentiation factor 15 (GDF-15) je cytokin na-
lezici do skupiny transformuijicich rastovych faktord, k je-
hoz zvy$enému vyplavovani dochazi v disledku tkaro-
vého poskozeni, apoptdzy, oxidacniho stresu, ischemie
nebo zanétlivé odpovédi v rlznych tkanich véetné myo-
kardu. Fyziologicky jeho koncentrace vzrUstaji v téhoten-
stvi a ve vy3$sim véku.'

Zvysené hodnoty GDF-15 mohou korelovat s renalni
insuficienci, dale s diabetes mellitus, anémii nebo nado-
rovym onemocnénim.?

Fyziologicky efekt molekuly GDF-15 muze byt protiza-
nétlivy, kardioprotektivni — zpomalenim aterosklerdzy,
hypertrofie myokardu a redukci ischemicko-reperuzniho
poskozeni.?

GDF-15 je biomarker s prokdzanou schopnosti predik-
ce zhor3ené progndézy u nékterych srde¢nich onemocné-
ni, zejména u pacientl se srde¢nim selhanim nebo akut-
nim korondrnim syndromem.

Na zakladé stanoveni GDF-15 Ize predikovat prognézu
nékterych kardiovaskularnich onemocnéni, a to nezavisle
na tradicnich klinickych rizikovych faktorech, a vysledky
GDF-15 pfindseji aditivni hodnotu k jiz rutinné pouziva-
nym kardiomarkerim (srdec¢ni troponiny, natriuretické
peptidy, C-reaktivni protein).*®

Zaroven je zvy$end hodnota GDF-15 silnym predikto-
rem rizika krvaceni.”

Stratifikace rizika u pacienti s akutnim
koronarnim syndromem (AKS)

Zvysené hodnoty GDF-15 jsou spojeny s vysokou mortali-
tou jak u pacientd s AKS s elevacemi Useku ST (STE), tak
i ujedincl s AKS bez elevaci Useku ST (NSTE).

Vyssi hodnoty GDF-15 identifikuji pacienty s NSTE-AKS,
ktefi jsou ve zvyseném riziku rekurentniho infarktu a kr-
vacivych komplikaci.

Zatazeni hodnoty GDF-15 do upraveného skérovaciho
systému GRACE zlepsuje predikci Sestimési¢ni mortality
a nefatalniho infarktu myokardu u pacientt s NSTE-AKS.
Hodnoty GDF-15 u pacient s NSTE-AKS pfi pfijeti do ne-
mocnice predpovidaji, ktefi pacienti budou nejvice pro-
fitovat z ¢asné invazivni |écby ve srovnani s neinvazivni
[écbou. 512

U pacientd po probéhlém infarktu myokardu je také
prokazana schopnost GDF-15 stratifikovat pacienty s vys-
$im rizikem krvéaceni.’>

Stratifikace rizika u pacientd se srde¢nim
selhanim

Zvysené hodnoty GDF-15 jsou asociovany s vyssi mortali-
tou u pacientud s chronickym srde¢nim selhanim.

GDF-15 je vyznamny a na hodnoté natriuretickych pep-
tid{, tfidé NYHA a ejek¢ni frakci levé komory nezavisly
biomarker pro identifikaci pacientl s chronickym srdec-
nim selhdnim, ktefi maji horsi prognézu. Koncentrace
GDF-15 v plazmé nejsou vyznamnym zpUsobem ovlivné-
ny, na rozdil od jinych markerd, vyskytem fibrilace sini.

GDF-15 stanoveny u pacientd v kardiogennim Soku
koreluje se systémovou hypoperfuzi, dysfunkci organu
a zvysenym rizikem umrti.">®

Stratifikace rizika u pacientt s fibrilaci sini

Podobné i u pacientl s fibrilaci sini je GDF-15 nezavislym
prediktorem krvacivych komplikaci a bylo verifikovano
jeho pouziti v roli biomarkeru ve skérovacim schématu
lépe predikujicim individudlni riziko krvaceni pti 1é¢bé
peroralnimi antikoagulancii.

Stanoveni GDF-15 je soucdsti nové vytvoreného ,sko-
re ABC rizika krvaceni”, které oproti rutinné uzivanym
skérovacim systémam (véetné HAS-BLED) vyznamné
zlepsuje predikci krvaceni u pacientt s fibrilaci sini. P¥i-
nos nového skérovaciho systému je zejména v lepsim od-
hadu nizkorizikovych pacientl. Proto vysledek stanove-
ni GDF-15 mUlzZe byt cennou pomuckou pfi rozhodovani
o strategii vedeni antikoagulacni terapie v ramci profy-
laxe systémové embolie s ohledem na riziko krvacivych
komplikaci.™

GDF-15 je soucasti i tzv. ABC death skére, kdy ve spo-
jeni s jinymi markery je schopné predikovat riziko umrti
u pacientt s fibrilaci sini. Zde je jeho klinicky vyznam spiSe
maly.?°

Interpretace vysledku stanoveni GDF-15

Vysledek stanoveni GDF-15 musi byt interpretovan vzdy
v kontextu s anamnestickymi udaji, klinickym vysetfenim,
terapeutickou taktikou a ostatnimi nalezy (napf. zobra-
zovaci metody, laboratorni nalezy, pridruzené komplika-
ce a nezadouci ucinky Iécby).

Meéfici rozsah komeréné dostupného laboratorniho tes-
tu je udavan v rozmezi 40020 000 ng/l. Hodnoty pod mezi
detekce se vykazuji jako < 400 ng/l. Hodnoty nad méricim
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rozsahem se vykazuji jako > 20 000 ng/l (nebo az 100 000
ng/l pfi pétindsobném naredéni krevniho vzorku).

Za normalni hodnotu GDF-15 jsou povazovany hodno-
ty niz8i nez 1 200 ng/l.

U pacientd s AKS (STE i NSTE) jsou hodnoty 1 200-1
800 ng/ml spojeny se stfednim rizikem zhorseni progné-
zy, hodnoty vys$si nez 1 800 ng/l jsou spojeny s vysokym
rizikem zhorSeni prognézy (zejména umrti, ¢astecné i re-
kurence infarktu myokardu a srde¢ni selhani). Hodnoty
GDF-15 vyssi nez 1 800 ng/ml vstupné a po jednom mésici
jsou spojeny s rizikem krvacivych komplikaci.

U pacientd s chronickym srde¢nim selhanim hodnoty
GDF-15 vyssi nez 2 300 ng/l predikuji horsi prognézu.

U pacientl v kardiogennim Soku hodnoty GDF-15 vyssi
nez 7 000 ng/l stanovené pfiblizné 12 h od pfijeti predsta-
vuji silny prediktor mortality.

U pacientu s fibrilaci sini je v ramci stanoveni krvacivych
komplikaci online dostupny kalkulator skére ABC https://
www.ucr.uu.se/en/services/abc-risk-calculators.  Obecné
hodnoty 1 200-1 800 ng/l predstavuji stfedné zvysené
riziko krvaceni, hodnoty vyssi nez 1 800 ng/l predstavuji
vyrazné zvysené riziko krvaceni.

Limitace pouziti GDF-15 v bézné praxi

V ramci Sazebniku vykonu lze stanoveni GDF-15 vykazat
v ramci diagnoz | 48 (fibrilace a flutter sini), | 50 (selha-
ni srdce), | 20 (nestabilni angina pectoris) a | 21 (infarkt
myokardu).

Omezeni Cetnosti stanoveni GDF-15 je v soucasnosti
definovano 1/1 den, 2/1 ¢tvrtleti, 4/1 rok.

Klinické vyuziti biomarkeru GDF-15 v kardiologii je
nadale intenzivné studovdno. GDF-15 je zminén v dopo-
rucenich Evropské kardiologické spole¢nosti pro diagnos-
tiku a 1écbu fibrilace sini, jeho pausalni pouziti viak nenf
doporuceno. Bude treba dalSich studii, které prokdzi,
v jaké klinické situaci ma stanoveni GDF-15 pfinos pro léc-
bu a progndézu pacienta.

Prof. MUDr. Martin Hutyra, Ph.D. FESC,
I. interni klinika — kardiologicka,
Fakultni nemocnice Olomouc, Olomouc,
e-mail: martin.hutyra@fnol.cz
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Zprava z kongresu European Society
for Vascular Surgery 2022 v Rimé

Ve dnech 20.-23. zafi 2022 jsem se diky cestovnimu gran-
tu Ceské spole¢nosti kardiovaskularni chirurgie aktivné
zucastnila 36. kongresu Evropské spole¢nosti cévni chirur-
gie (ESVS) v Rimé&. Na kongresu prezentovali své zkuse-
nosti a vysledky studii Iékafi z celého svéta. Prezentace
byly na vysoké urovni a byly zaméreny jak na otevienou
operativu cévnich onemocnéni, tak na endovaskuldrni
terapii, kterd v zahranici patfi rovnéz do spektra vykonl
cévnich chirurgu.

Cast prezentaci byla zasvécena nové letos vydanym do-
porucenym postuptm, kde predevsim spoluautofi téchto
praci prezentovali a diskutovali nad doporu¢enymi postu-
py. Z vybranych témat to byly |é¢ba aterosklerotického
postiZzeni karotid a vertebralnich tepen a chronické Zilni
nedostatecnosti dolnich koncetin. Déle si velkou pozor-
nost zaslouzily prednasky tykajici se aktudlnich poznatku
a doporuceni v 1é¢bé akutni koncetinové ischemie.

Soucasti programu byla také zajimava, nicméné smut-
nd série prednasek ukrajinskych chirurgt, ktefi prezento-
vali své zkusenosti s Ié¢bou vale¢nych poranéni vzniklych
v dUsledku aktualné probihajiciho vale¢ného konfliktu na
jejich uzemi. Evropska spolecnost cévni chirurgie ukrajin-
ské lékare v této ndrocné dobé materidlné podpofila a jeji
podpora naddle pokracuje.

VUbec poprvé na evropském kongresu bylo prezento-
vano téma ,,onkovaskularni chirurgie”, o jehoz prezenta-
ci se zaslouzili predevsim ¢&esti zastupci doc. MUDr. Peter
Baldz, Ph.D., FEBS, MHA, a MUDr. Adam Whitley z Fakult-
ni nemocnice Kralovské Vinohrady v Praze ve spolupra-
ci s experty z Némecka, Finska, Francie a Italie. Jedna se
0 novou rozvijejici se oblast cévni chirurgie, ktera si pra-
vem ziskava vyznamnou pozornost vzhledem k nezfidka
nezbytné pfitomnosti cévniho chirurga u resekci nadord,
které postihuji vétsi cévy. Tyto vykony vyZzaduji koope-
raci chirurgickych multidisciplindrnich tym0 zahrnujicich
cévni a bfisni chirurgy, gynekology, urology, ortopedy,
otorinolaryngology a dalsi specialisty. Soucasna odborna
literatura na toto téma neni dostacujici pro vytvoreni do-
porucenych postupu. Autofi aktualné pracuji na vytvoreni
konsenzu expertl pomoci delphské metody. Rozvoj pro-
gramu onkovaskularni chirurgie probihd na mezinarodni

urovni a jejim cilem je mimo jiné i systematicky sbér dat,
ktery umozni tvorbu doporucenych postupt (evidence-
-based medicine), a tim i zlepseni péce o onkologické pa-
cienty.

Vedle védeckého programu probihal soucasné i akade-
micky program s workshopy, které tematicky pokryly roz-
sahlé spektrum cévni chirurgie od dialyzac¢nich pristupd,
endovaskuldrni terapie, oteviené operativy a zobrazova-
cich vysetreni, tak i pfiprav na,,evropskou atestaci” FEBVS
examination (Fellow of the European Board of Vascular
Surgery). J4 jsem se zucastnila workshopu zaméreného na
syndrom akutni aorty, ktery byl prakticky zaméreny a pro
mé velmi pfinosny.

Co se ty¢e mé aktivni ucasti, méla jsem prednasku, ve
které jsem prezentovala protokol a predbézné vysledky
nasi aktudlné probihajici prospektivni, multicentrické,
mezinadrodni studie VAVASC (Validation of Arterio Ve-
nous Stage Classification). Studie mé za cil validizovat
novy klasifika¢ni systém AVAS (Arterio Venous Stage Clas-
sification) pomoci prediktivnich modelu strojového uceni.
V soucasné dobé se aktivné ucastni centra ze sedmi zemi
svéta (CR, Slovensko, Velka Britanie, Polsko, Italie, Bra-
zilie, Portugalsko) a zarazeno je jiz 560 pacientt. Cilem
studie je validizovat AVAS k predikci typu vytvofeného
cévniho pfistupu pro dialyzu a dale k predikci primarni
patence vytvoreného pfistupu. Pfedbézné vysledky jsou
pozitivni a naznacuji, Ze skore AVAS se zda byt dobrym
modelem k predikci cévnich pristupa.

Celkové kongres nelze hodnotit jinak nez velmi pozi-
tivné. Pfednasejici byli excelentné pfipraveni a atmosféra
na kongresu byla velice pratelska. Rdda bych touto cestou
podékovala Ceské spole¢nosti kardiovaskularni chirurgie
za poskytnutou podporu. Ziskané zkuSenosti a znalosti
budu dale rozvijet a aplikovat v klinické praxi a védecké
¢innosti.

MUDr. Katefina Lawrie,

Divize cévni chirurgie, Kardiocentrum,

3. lékarska fakulta Univerzity Karlovy a Fakultni
nemocnice Kralovské Vinohrady, Praha, e-mail:
Katerina.lawrie@fnkv.cz
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S:;r:iromy Martin Polak:
ve vnitinim PR - v ’
Mt oy 4o Syndromy ve vnitinim Iékarstvi od A do Z
Praha, Grada Publishing a.s., 2022, 195 s.

Cena: 314 KC¢.

Utla kniha ma nékolik vyjimecnosti. Jeji autor neni ani
fakultni, ani vyzkumny pracovnik, ale terénni lékaf.
Dlouho byl vedoucim jednotek intenzivni péce a kar-
diostimulace v nemocnici v Pfibrami. V soucasnosti je
primarem Interniho oddéleni Klaudidnovy nemocnice
v Mladé Boleslavi. Toto neni jeho prvni knizni pub-
likace. V roce 2016 dokonce ziskal cenu Ceské |ékaFské
spolecnosti JEP za nejlepsi knihu roku (Urgentni pfijem,
Mlada fronta, 2015, dockala se dvou vydani a obé jsou
rozebrana).

Tentokrat si vybral téma, které uz nebylo rfadu let
publikovano. Je naro¢né na sbér literatury, coz pfi ome-
zenych moznostech terénniho pracovnika na néj kladlo
predeviim velké casové naroky. Vzdyt vyhledat takovy
pocet (¢asto nezndmych nebo malo znamych syndrom)
je velice ndrocné. V knize je referovano o priblizné 550
syndromech. Nase ¢tenafe bude zajimat, kolik z nich je
z kardiologie a angiologie. Napocital jsem jich 53. Jsou
mezi nimi syndromy velmi znamé, ale i ty, které (mné)
byly zcela neznamé a se kterymi jsem se béhem 60 let
aktivniho medicinského Zivota nesetkal.

Vydani prvni, format 145 x 208 mm,

cernobily vytisk, mékka vazba (brozovana), omyvatelné desky.
ISBN 978-80-271-4738-0 (ePub).

ISBN 978-80- 271-473-3 (pdf).

ISBN 978-80-4738-271-1238-8 (print).

Informace o viech syndromech jsou psany podle fixni
(dodrzované) 3ablony: jméno/nazev syndromu, jeho au-
tor/autofi, rok jeho/jejich narozeni a rok umrti, oborova
specializace, charakteristika syndromu, jeho diagnostika,
|écba, progndza a literdrni odkaz. Vse je stru¢né, uvddéna
jsou jen zasadni fakta.

Kniha nema rejstfik, ten je nahrazen podrobnym jmen-
nym obsahem. Literatura (2. s.), ¢esky a anglicky souhrn
(@ 1s.) a kratky seznam zkratek (1,5 s.) knihu uzaviraji.
K vétsi prehlednosti by pfispél princip ,jedno heslo - jed-
na stranka”. Kniha se zvétsila na pfiblizné 250-270 listu.

Komu knihu doporucit?

Dovolte, abych prepsal pfani autora: ,,... knihu vénuji stu-
dentum lékarskych fakult, Iékaram i zdravotnim sestram
a dalsim a vérim, Ze jim pomuzZze pri studiu a v jejich dife-

rencialné-diagnostickych tvahach...”
Prof. MUDr. Jan Petrasek, DrSc.,
Ill. interni klinika, 1. Iékarska fakulta Univerzity
Karlovy a Vseobecnd fakultni nemocnice v Praze,
e-mail: petrjanv@email.cz
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Ondrej Slama, Ladislav Kabelka et al.

PALIATIVNI
MEDICINA

PRO PRAXI

Treti, pfepracované a rozsirené vydani

Cena: 990 Kc.

S titulem Paliativni medicina pro praxi se ¢tendfi neset-
kavaji poprvé. Prvni vydani vyslo jiz v roce 2007, druhé
pak v roce 2011. Obé se brzy stala velmi oblibend a byla
brzy rozebrana.

K napsani tfetiho, prepracovaného a rozsireného vydani
titulu Paliativni medicina pro praxi pfizvali editofi a auto-
fi MUDr. Ondrej Slama, Ph.D., a MUDr. Ladislav Kabelka,
Ph.D., dalSich 35 spoluautort. Nejsou to jen pracovnici z fa-
kultnich pracovist a z vyzkumnych Ustavd, ale i z praxe (Kraj-
ska nemocnice Tomase Bati ve Zliné, hospice v Praze i v Brnég,
Trebici, Telci, Chebu, Fresenius Medical Care — DS ad.). Dvé
kapitoly psali lékafi pracujici v zahranici (Rakousko, Irsko),
po jedné je autorem teolog a pravnik. Tak byla zajisténa jak
multidisciplinarita, tak prakticka aplikace textu.

Odborny text se sklada ze 72 (!) samostatnych kapitol.
Jsou rozdéleny do péti oddild a fazeny v tomto poradi:
I. Uvod do multidisciplinarni péce: 1. Zakladni principy palia-
tivni péce, 2. Nastroje pro hodnoceni symptomd, potreby
paliativni péce a kvality Zivota, 3. Etické aspekty paliativni
péce, 4. Pravni aspekty paliativni péce, 5. Socialni proble-
matika v paliativni péci, 6. Duchovni potifeby a duchovni
péce u pacientl v paliativni péci, 7. Zaklady komunikace
v paliativni péci. Il. Management bolesti: 8. Zakladni typy
a management chronické bolesti, 9. Obecné zasady |écby
chronické bolesti, 10. Neopioidni analgetika, 11. Opioidni
analgetika — opioidy, 12. Adjuvantni analgetika — koanal-
getika, 13. Nezadouci ucinky opioidd, 14. Tolerance, fyzic-
kd a psychicka zavislost pfi 1écbé opioidy, 15. Anesteziolo-
gické postupy v |é¢bé chronické bolesti, 16. Neurolytické
blokady, 17. Neurochirurgické postupy v Ié¢bé chronické
bolesti, 18. Vyuziti otevienych zaficl v lé¢bé nadorové
bolesti, 19. Konopi pro lé¢ebné vyuZiti. Ill. Management
symptomu a syndromu. 20. Anorexie, kachexie a nutri¢ni
podpora, 21. Nevolnost a zvraceni, 22. Prlijem, 23. Zacpa,
24. Skytavka - singultus, 25. Ikterus — Zloutenka, 26. As-
cites, 27. Hematologické aspekty paliativni péce, 28. Péce
o dutinu Ustni, 29. Dusnost, 30. Kasel, 31. Hemoptyza, 32.
Pleuraini vypotek, 33. Svédéni — pruritus, 34. Unava, 35.
Poceni, 36. Péce o chronické rany, 37. Péce o stomie, 38.
Zachvaty kreci a epilepsie u pacient s pokrocilym one-
mocnénim, 39. Poruchy spanku. IV. Metabolické aspekty
paliativni péce: 40. Hydratace u pokrocile a termindlné
nemocnych, 41. Poruchy metabolismu glukézy u pokro-
Cile a terminalné nemocnych, 42. Maligni hyperkalcemie,
43. Poruchy metabolismu sodiku, 44. Psychické a psychiat-
rické problémy — tzkost, smutek a deprese, 45. Delirium.
V. Vybrana témata paliativni péce v onkologii: 46. Indikace

Ondrej Slama, Ladislav Kabelka et al.:
Paliativni medicina pro praxi

Praha, Galén, 2022. Treti, prepracované a rozsirené vydani, 352 s.
Format 235 x 190 mm, cernobily vytisk, tuha vazba (vazana).
ISBN: 978-80-7492-627-3.

paliativni protinddorové lécby a rozhodovani o jejim ukon-
Ceni, 47. Metastazy do centralniho nervového systému, 48.
Kostni metastazy, 49. Paliativni radioterapie, 50. Interven-
¢ni radioterapie v onkologické paliativni péci, 51. Syndrom
maligni stfevni obstrukce, 52. Syndrom misni komprese,
53. Syndrom obstrukce horni duté Zily, 54. Paraneoplastic-
kd horecka, 55. Paliativni péce v neurologii, 56. Paliativni
péce u chronického srde¢niho selhani, 57. Paliativni 1écba
v neurologii, 58. Paliativni |é¢ba v nefrologii, 59. Paliativ-
ni l1écba v geriatrii, 60. Paliativni |é¢ba u pokrocilé jaterni
cirhézy, 61. Paliativni [é¢ba u pacientl s dlouhodobymi
zdvaznymi poruchami védomi, 62. Paliativni péce v inten-
zivni medicing, 63. Détska paliativni péce, 64. Perinatalni
paliativni péce, 65. Terminalni faze onemocnéni — ,umira-
ni”, 66. Konstatovani smrti, prohlidka zemrelého, indikace
pitvy, 67. Podpora truchlicich pozustalych, 68. Mobilni spe-
cializovana paliativni pére, 69. Llzkovy hospic, 70. Konzi-
lidrni tym paliativni péce v nemocnici, 71. Oddéleni palia-
tivni péce v nemocnici a 72. Ambulance paliativni medici-
ny. Textovou ¢ast uzaviraji seznam ucebnic v oblasti 1écby
symptomu a paliativni péce, seznam zkratek, medailonky
poradateld a kvalitni dvousloupcovy rejstfik. Doporuc¢ena
literatura je uvddéna za kazdou kapitolou. Nékteré kapi-
toly maji tabulku/y, obrazové ilustrace jsou vyjimecné.

Vsechny kapitoly jsou proporcionalni, uvadéji praktic-
ké navody k feseni nejcastéjsich somatickych i psychic-
kych projeva pokrocilych stavl internich i chirurgickych
onemocnéni. Jsou probrany nejen somatické, ale i komu-
nikacni, etické, pravni, psychosocialni a spiritudlni aspek-
ty paliativni péce. Je vhodné pfipomenout, Ze paliativni
péce je mj. etickou alternativou eutanazie. | kdyz je kniha
uréena pro praxi, je jeji odborna uroven vysoka. Vlastni
odborny text je psan velmi dobrou ¢estinou a bude se jak
lehce (ist, tak dobfe pamatovat.

Po formalni strance je kniha bezchybna, nakladatelstvi
Galén odevzdalo kvalitni préci.

Komu knihu doporucit?
Paliativni medicina pro praxi je urcena jak klinickym, tak
ambulantnim lékartm vsech specializaci, protoZze nemoc-
ni viech oborl nékdy vyzaduji paliativni péci. A pravé
k tomu, aby byla kvalitni, pfinasi tato monografie prak-

tické navody.

Prof. MUDr. Jan Petrasek, DrSc.,
lll. interni klinika, 1. Iékafska fakulta Univerzity
Karlovy a Vseobecnd fakultni nemocnice v Praze,
e-mail: petrjanv@email.cz
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USTNI SDELENI - LEKARI

B DETEKCE VULNERABILNICH PLATU
U PACIENTU S AKS A PREDCASNOU ICHS -
KONCEPT PROJEKTU A PILOTNI DATA

Kanovsky J, Hudec M, Kala P

Interni kardiologicka klinika, LF MU a FN Brno-Bohunice,
Brno

Manifestace predcasné ischemické choroby srde¢ni (ICHS)
u mladsi populace je jednim z klicovych témat v kardio-
logii. Vznik akutniho koronarniho syndromu (AKS) nebo
manifestace stabilni ICHS u pacientl ve 3. a 4. decenniu
ma zasadni socioekonomické dopady. Vysoce specializo-
vana péce o tyto pacienty se zaméfuje na optimalni akut-
ni intervenci a dlouhodobou prevenci recidivy. Dalezitou
soucasti péce je ziskani komplexni informace o postizeni
koronarniho fecisté s naslednou individualizovanou tera-
pii a dispenzarizaci v komplexnim kardiovaskularnim cen-
tru. Pilotni projekt zafazuje pacienty ve véku 45 a méné
let, prijaté do centra pro AKS, s ndlezem culprit koro-
narni léze v povodi levé korondrni tepny (ACS). Tepna je
osetfena perkutanni koronarni intervenci (PCl) vedenou
pomoci optické koherenc¢ni tomografie (OCT), nasledné
jsou ziskana kombinovana morfologicko-spektroskopicka
data z obou vétvi ACS — a to jak data OCT, tak data blizké
infracervené spektroskopie (NIRS) identifikujici rozlozeni
lipidovych hmot v tepnédch. Pfedpokladame ziskani uni-
kadtnich kombinovanych pilotnich dat o postizeni koro-
narnich tepen u pacientt s velmi predcasnou korondrni
aterosklerézou. Koncept prezentujeme spolec¢né s prvni-
mi nalezy zarazenych pacientd a vyzvou k pripadné spo-
lupraci v ramci multicentrického projektu.

B POST MORTEM KARDIOGENETICKE
VYSETRENI PRIPADU NAHLE SRDECNI
SMRTI

Krebsova A', Pohlova-Kuéerova 52

" Klinika kardiologie, IKEM, Praha; ? Ustav soudniho
lékarstvi a toxikologie, UK a FN Hradec Kralové, FN
Hradec Kralové, Hradec Krélové

Nahla srde¢ni smrt (SCD) u jedincd mladsich 40 let je ve vy-
znamném procentu zpUsobena dédi¢nym kardiovaskular-

nim onemocnénim. Identifikace téchto pfipadd, provedeni
post mortem genetického vysetfeni a kardiologické scree-
ningové vysetfeni pfimych pfibuznych je prvnim krokem
k primarni prevenci srde¢ni zastavy u pozustalych a vyza-
duje multidisciplinarni a multicentrickou spolupraci.

S ohledem na to, Ze post mortem vysetfeni je doporu-
¢ovano i u jedinch umirajicich v odstupu vice hodin az
dni po srdecni zastavé, je role akutni mediciny, obzvlasté
akutni kardiologie, jednou ze zdsadnich v rozezndni moz-
né dédic¢né pficiny umrti.

Nalezeni jisté dédicné pri¢iny nahlého umrti se podafi
obecné u asi 20 % pfipadd, nicméné v rodinach s pozi-
tivni anamnézou nahlé smrti ¢i srde¢niho selhani a/nebo
malignich arytmii je genetické vysetfeni Uspésné az u po-
loviny rodin. V Ceské republice se v ramci grantového
projektu podafilo ustanovit multidisciplinarni a multi-
centrickou spoluprdci. Vysledky prvni ceské pilotni studie
v obdobi od 2016 do 2021 odpovidaji vystuplim mezina-
rodnich studii a podtrhuji zajem pfibuznych a pfinosy pro
jejich zdravi. Budovani efektivni kardiogenetické sité pro
zachyt a diagnostiku pfipadd nahlé srde¢ni smrti v CR
stale probiha a zapojeni Iékard urgentni mediciny by bylo
velkym prinosem k zachytu téchto pripadu.

B HEMOLYZA U KRATKODOBYCH
MECHANICKYCH PODPOR SRDCE
A MIMOTELNi MEMBRANOVE
OXYGENACE

Kriiger A, Ostadal P, Janotka M, Naar J,
Vondrakova D, Neuzil P

Kardiovaskuldrni centrum, Kardiologické oddélen,
Nemocnice Na Homolce, Praha

Uvod: Rozvoj pouzivani mimotélni membranové oxyge-
nace (ECMO) a kratkodobych mechanickych podpor obé-
hu zlepsily Sance na preziti u kriticky nemocnych. Spolu
s navysenim poctu téchto vykond dochazi i ke vzestupu
vyskytu komplikaci.

Soubor a metodika: Analyzovali jsme soubor 34 nemoc-
nych, u kterych byla aplikovana kratkodoba mechanic-
kd podpora srdce Impella (Abiomed Inc., Massachusetts,
USA) nebo ECMO CardioHelp (Maquet, Wayne, NJ) v pe-
riferni VA ¢i VV konfiguraci nebo kombinace podpor (Im-
pella + VA ECMO). Nemocnym jsme odebirali volny he-
moglobin a posuzovali tizi hemolyzy v zavislosti na typu
podpory nebo kombinaci podpor. Dale jsme hodnotili ri-
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ziko vzniku akutniho rendlniho selhdni a mortalitu téchto
nemocnych.

Vysledky: Primérny vék v nasem souboru byl 58 let
(35-82). VV ECMO bylo pouzito u 16 nemocnych (47 %)
z davodu respiracniho selhani (covid), u 18 nemocnych
(53 %) jsme pouzili VA ECMO, Impellu nebo jejich kom-
binaci z dGvodu refrakterni obéhové zastavy nebo soko-
vého stavu. Hodnota volného hemoglobinu ve skupiné
s Impellou byla srovnatelna se skupinou ECMO (468 + 73
vs. 470 = 61 mg/l), zatimco volny hemoglobin byl v pfipa-
dé kombinace podpor (VA ECMO + Impella) signifikant-
né vyssi (2 213 + 1 163 mg/l, p < 0,05) nez u predchozich
skupin. Celkova mortalita v naSem souboru byla 24 %.
U prezivsich jsme namérili signifikantné nizsi hodno-
ty volného hemoglobinu nez u zemrelych (492 + 66 vs.
1 367 + 383 mg/l; p < 0,05), naopak jsme nepozorovali
rozdil v nutnosti pouziti hemoeliminacnich metod mezi
jednotlivymi skupinami.

Zavér: Pritomnost a stupenn hemolyzy predstavuji jednu
ze zdavaznych komplikaci pouziti mimotélniho obéhu
a mechanickych srde¢nich podpor.

B ANEURYSMA HRUDNi AORTY
Olejnikova D, Adamkova V

Pracovisté preventivni kardiologie, IKEM, Praha

Dvaasedmdesatileta pacientka s hypertenzi a bolesti na
hrudniku, bez vazby na namahu, s postupnym zhorsenim
obtizi, s negativnim troponinem, dusnosti pfi ndmaze,
sporadicky i pfi chlzi, také po roviné, nékdy i v klidu,
s otokem levého lytka, odeslana na akutni prijem IKEM,
odkud na kardiochirurgii IKEM, pro ndlez intramuralni-
ho viedu dle CTAG. Pacientka byla hospitalizovana k ob-
servaci a dalSimu feSeni uvedeného nalezu. TTE vstupné
v IKEM EF LK 60 %. Bulbus aorty dle BSA hrani¢ni veli-
kosti 36 mm (dle absolutniho rozméru nedilatovan),
ascendentni aorta a proximalni ¢ast oblouku aorty hare
prehledné z TTE (lépe CT), dilatace ascendentni aorty 44
mm, oblouk aorty nedilatovan 28 mm, kalcifikace ve sté-
né oblouku aorty a odstupech hlavnich vétvi, bez znamek
koarktace aorty nového charakteru. SKG pouze okrajové
nerovnosti.

Operacni vykon — resekce aneurysmatu a plastika oblou-
ku aorty bez komplikaci. V poopera¢nim obdobi pacient
hemodynamicky a respira¢né stabilni. Kontrolni rtg sni-
mek hrudniku i echokardiografie s pfiznivym nalezem.

B OCCLUSIO AURICULI U FIBRILACE SiNi
Olejnikova D
Pracovisté preventivni kardiologie, IKEM, Praha
Dvaasedmdesatilety hypertonik k CABG LIMA k RIA et

ad RD autovenosus et revisio RPLD, occlusio auriculi sin.
cum Atriclip 2/2022 dosel k planované kontrole. V EKG

u pacienta byly pfitomny dlouhodobé perzistujici fibri-
lace s opakovanymi EKV (2008 — dvakrat, 2015, 6/2022)
po FR ablaci 10/2008, 8/2009, occlusio auriculi sin. cum
Atriclip 2/2022 s naslednou EKV 6/2022 a kratkym ob-
dobim SR (17. 6. 2022), nasledné ambulantni EKG za-
znam FS 22. 6. 2022, nasledné v Podébradech FS, na-
sazen NOAC - apixaban (predtin dabigatran do 2015),
anamnesticky i otoky DK. T. &. FS se stfidanim kratkého
paroxysmalniho SR (SSS — brady-tachy forma). Tlakové
hodnoty u nas 168/82..158/76..145/73 mm Hg, uprave-
na antihypertenzni léc¢ba, k ACEIl pfidand mald davka
indapamidu v kombinované [écbé. V laboratornim
ndlezu LDL cholesterol 1,5 mmol/l, v 1é¢bé rosuvastati-
nem (CK v normé).

B OPERACE PACIENTKY - ANEURYSMA A.
BASILARIS S LOEYSOVYM-DIETZOVYM
SYNDROMEM, PROGNOSTICKY
NEOPERABILNI

Olejnikova D, Adamkova V

Pracovisté preventivni kardiologie, IKEM, Praha

Dvaatficetiletd Zena - pacientka s Loeysovym-Dietzo-
vym syndromem, pozitivni RA disekce aorty, dle aktual-
niho CT (23. 2. 2022) s konfirmaci mirné dilatace kofene
aorty, 40 mm, dle CT koronarografie s normalnim na-
lezem, dale aneurysma a. basilaris, které bylo jiz v roce
2016 oznaceno za inoperabilni a neintervenovatelné en-
dovaskularné, dle MR kontrol bez vyvoje. Emitent pro
vyse uvedena fakta s ohledem na dilataci kofene aorty
40 mm s bolesti na hrudniku byla operovana 27. 5. 2022
— implantaci PEAR. FyzikdIni nalez v normé. Na EKG byl
patrny sinusovy rytmus, bez arytmii, bez znamek ische-
mie. V echokardiografii pooperacné bez perikardidlniho
vypotku, nevyznamnd Tr a Pu regurgitace. Hemodyna-
micky stabilni.

B CASE REPORT - REPOZICE AORTALNI
CHLOPNE 4 DNY PO TAVR PRO MIGRACI
DO LVOT SPOJENOU S VYZNAMNOU
AORTALNI REGURGITACI

Rezek M', Moravcova H?, Novak M3, Sitar J*

"I interni kardioangiologicka klinika, ICRC, FN u sv.
Anny, LF MU, Brno; ? I. interni kardioangiologicka
klinika, FN u sv. Anny, Brno; 3 I. interni
kardioangiologicka klinika, FN u sv. Anny, Brno;

1. interni kardioangiologicka klinika, FN

u sv. Anny, Brno

Prezentujeme case report 69letého pacienta, diabetika
po opakovanych PCl, ktery podstoupil TAVR pro symp-
tomatickou hemodynamicky vyznamnou kalcifikova-
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nou aortalni stenézu. Implantace chlopné probéhla bez
komplikaci, po postdilataci chlopné dle aortografie ne-
byla vyznamna regurgitace, na echokardiografii srdce byl
ovéren dobry efekt implantace. Nasledny pribéh byl viak
velmi komplikovany — od pocatku byla plnd dependence
na docasné kardiostimulaci, doslo k rozvoji amentniho
stavu, jehoz pfi¢inou byla nasledné verifikovana ische-
mickd v.s. emboliza¢ni CMP. V tomto stavu doslo také
k ndhlému rozvoji plicniho edému pfi dekompenzaci ar-
terialni hypertenze. Pro nejasnost stavu a nediagnostické
EKG byla provedena kontrolni koronarografie — bez oklu-
ze koronarni tepny ¢i zhor3eni systolické funkce levé ko-
mory. Pii echokardiografickych kontrolach nejprve nebyl
zjistén vyznamny paravalvuldrni leak, ndsledné se plicni
edém opakoval a bylo vyjadfeno podezieni na migraci
chlopné smérem do LVOT s vyznamnym paravalvularnim
leakem. Byla zvazovéna kardiochirurgicka operace, vzhle-
dem k riziku pfi akutni CMP bylo rozhodnuto o pokusu
repozice, kterd probéhla ¢tyfi dny po implantaci. Chlo-
pert EVOLUT-R byla zachycena dvéma klickami radidlnim
a femoralnim pfistupem a tahem postupné posunuta
kranialnim smérem do aorty. Toto vedlo k upravé hemo-
dynamiky a postupné stabilizaci pacienta, kterého jsme
byli schopni po implantaci kardiostimulatoru po dvou
tydnech propustit domu. V tomto pfipadé Slo o raritni
komplikaci a diskutabilni zplsob feSeni u pacienta s velmi
komplikovanym pribéhem, nicméné s pfiznivym finalnim
vysledkem.

B DLOUHODOBA PROGNOZA PACIENTU
S REFRAKTERNIM KARDIOGENNIM
SOKEM A SRDECNI ZASTAVOU LECENYCH
S POMOCi VENOARTERIALNIHO ECMO NA
PRACOVISTI BEZ KARDIOCHIRURGIE

Seiner J', Karasek J?, Strycek M, Roubicek T,
Polasek R!

! Kardiocentrum, Krajska nemocnice Liberec, a.s.,
Liberec; 2 Il. interni klinika kardiologie a angiologie,
VFN, Praha

Uvod: Venoarterialni extrakorporalni membranova oxy-
genace (VA ECMO) je jednou z metod obéhové podpo-
ry, jez se uplatiuji v [écbé pacientl s refrakternim kar-
diogennim Sokem nebo obéhovou zastavou. Nacasovani
a volba typu podpory je stale predmétem vyzkumu. Tech-
nika perkutanni implantace v sou¢asnosti umoznuje pou-
Ziti VA ECMO i na pracovistich bez kardiochirurgie.
Metoda: Analyza dat registru pacientd s refrakternim
kardiogennim 3okem a obé&hovou zastavou lécenych
VA ECMO od kvétna 2015 do zafi 2022 v Kardiocentru
Krajské nemocnice Liberec.

Vysledky: Ve sledovaném obdobi bylo VA ECMO implan-
tovano 42 pacientim. Vétsina nemocnych (76 %) byli
muzi ve véku 63,0 = 12,5 roku. Ctyfia3edesat procent pa-
cient odpovidalo klinickému stadiu SCAI E a 36 % SCAI
D. Nejcasté&jsi pFicinou Soku byl akutni koronarni syndrom
(64 %). ECMO bylo ve viech pfipadech implantovéano na

katetriza¢nim sale bez zdvazné komplikace. Nejcasté&jsi
komplikaci béhem lécby bylo nefatdlni krvaceni u 60 %
pacientl. Ischemické a trombotické komplikace se vyskyt-
ly u 19 % pacientd. U jednoho pacienta doslo k fatalni
komplikaci v souvislosti s cévnim vstupem. Weaningu od
ECMO bylo dosazeno u 55 % pacientl. Devét pacientl
bylo s podporou transportovano na jiné pracovisté bez
komplikaci. Tricetidenni a ro¢ni mortalita byla v pfipadé
kardiogenniho Soku SCAI D 40 %, respektive 60 %. U sta-
dia SCAI E 78 %, respektive 83 %. Po UspéSném weaningu
zemrielo 65 % pacientl do jednoho roku. Pacienti, ktefi
preziji jeden rok, maji nasledné dobrou prognézu (medi-
an sledovani 1,2 roku [0,8-5,4 rokul).

Zavér: Lécbu refrakterniho Soku nebo zastavy pomoci
VA ECMO Ize bezpecné zahdjit, vést a ukoncit na
pracovisti bez kardiochirurgie. Dlouhodoba prognéza
vétdiny téchto pacientl je i pres Iécbu zavaznd. Pacienti,
ktefi pfeziji jeden rok, maji nasledné prognézu dobrou.

HE DRAMA PAR DNi PO PORODU
Spacek R', Chovancéik J!, Rucki L2, Hanak R®

" Kardiologické oddéleni, Nemocnice Podlesi a.s.,
Trinec, 2 Kardiologie, Nemocnice Tfinec Podlesi,
Trinec; 3 ARO, Nemocnice Podlesi a.s., Trinec

Uvod: Tako-tsubo KMP je onemocnéni s vétiinou rela-
tivné klidnym prabéhem, jez se typicky vyskytuje u Zen
ve véku 60-65 let. Tako-tsubo KMP u mladsi Zeny v tésné
ndvaznosti na porod je velmi vzacnou, ale popisovanou
entitou. V této prezentaci popisujeme kazuistiku 36leté
Zzeny s OHCA a naslednym kardiogennim Sokem pf¥i popo-
rodni tako-tsubo KMP.

Popis pripadu: Sestatficetiletd Zzena, pét dni po porodu
cisafskym fezem, doma se zastavou obéhu, TANR man-
zelem, vstupni rytmus FK, defibrilovana, nastolen ROSC,
transport na spadové ARO, kde rytmicka i obéhova nesta-
bilita, ¢asny preklad do kardiocentra. Vstupné zajisténa
docasnou kardiostimulaci pro bradykardii, LQT a ince-
santni TdP. Echokardiografie prokazuje tézkou dysfunkci
LK se zavaznou MiR. Koronarograficky negativni nalez,
ventrikulograficky obraz apikalni tako-tsubo KMP. Pro
tézkou obéhovou nestabilitu s nutnosti podavani vyso-
kych davek vazopresorl zavedeno VA ECMO. Po tfech
dnech masivni hemolyza, hemoglobinurie, vyména okru-
hu ECMO. Obéh postupné stabilizovan, do [écby kont.
landiolol. Po celkem deseti dnech podpory ECMO se dafi
weaning, dekanylace na lUzku, arteriadlni vstup uzavien
systémem Manta. Déle jiz ¢asnd extubace, intenzivni RHB,
pfiznivy neurostatus. Pacientka po 21denni hospitalizaci
propusténa domu v bezproblémovém stavu s normalizo-
vanym echokardiografickym nalezem.

Diskuse: Nase prace popisuje kazuistiku pacientky s ta-
ko-tsubo KMP ¢asné po porodu, s mimonemocni¢ni za-
stavou a kardiogennim Sokem, s nutnosti pouziti me-
chanické podpory obéhu. Zajimavosti v pribéhu je také
patrny hyperkoagulaéni stav v Sestinedéli vynucujici si
¢asnou vyménu okruhu ECMO i pfes adekvatni antiko-
agulaci.
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B DRENAZ HRUDNIKU -
AKTUALNI POSTUPY A EVIDENCE

Spacek R

Kardiologické oddéleni, Nemocnice Podlesi a.s.,
Tfinec

Uvod: Spektrum diagnéz a komplikaci na jednotkach
kardio-intenzivni péce v poslednich desetiletich expo-
nencidlné roste. At jiz jako komplikace intervencnich
vykond, ¢i spontdnné vznikld patologie, pneumotorax,
fluidotorax, hemotorax ¢i empyém jsou vsechno jednot-
ky, se kterymi se musi kardio-intenzivista umét vypora-
dat. V tomto duchu je také sestaven seznam pozadavkt
na certifikaci Evropské asociace akutni kardiovaskularni
péce (ACVCQ).

Cil prezentace: Popsat state-of-the-art postupy indikace
a provedeni hrudni drenaze ve vy$e uvedenych indika-
cich. Popsat zkusenosti naseho pracovisté v této oblasti,
véetné prezentace kratkych kazuistik.

Zavér: Hrudni drenaz, tedy feseni patologické pfitom-
nosti vzduchu ¢i nejriznéjsich tekutin v dutiné hrudni,
je malo diskutovana problematika na férech kardio-in-
tenzivni péce, aviak tato disciplina musi byt nedilnou
soucasti portfolia komplexniho kardio-intenzivisty.

POSTERY - LEKARI

B PURULENTNI PERIKARDITIDA

JAKO VZACNA PRICINA
SRDECNi TAMPONADY

Strycek M, Seiner J, Tomasov P, Polasek R

Kardiologie, Krajska nemocnice Libereg, a.s.,
Liberec

Uvod: V dobé cilené antibiotické 1é¢by je purulentni
perikarditida relativné vzacnou diagnézou. Predispo-
nujici faktory jsou imunosuprese, abuzus alkoholu,
poranéni hrudniku a hrudni chirurgie. Prezentujeme
kazuistiku pacienta s purulentni (pneumokokovou) pe-
rikarditidou, kterd se primarné prezentovala srdecni
tamponddou.

Kazuistika: 40lety pacient s insuficientnim socidlnim
zdzemim, abuzer alkoholu a intravenéznich drog byl
pfijat na nase oddéleni pro objemny fluidoperikard
(Site az 5 cm) pti soucasném pravostranném fluidotora-
xu. Laboratorné elevace zanétlivych parametrd. Echo-
kardiograficky zndmky incipientni srde¢ni tamponady,
provedena perikardiocentéza, vypusténo celkem 700
ml hnisavého vypotku s dobrym efektem. Kultiva¢né
ve vypotku prokazan Streptococcus pneumoniae (tbc
a oportunni patogeny negativni). Dale CT navigovana
hrudni drendz empyému vpravo s prikazem identické-
ho patogenu. Intravenézni antibiotika byla podavana
dle citlivosti (PNC, gentamicin). Sesty hospitaliza¢ni den
progrese stavu, klinicky i echokardiograficky znamky

srde¢ni tamponddy, znovu provedena perikardiocenté-
za (400 ml hnisavého vypotku) s promptnim efektem.
Vzhledem k selhdni konzervativni 1é¢by byl pacient pre-
loZzen na kardiochirurgii, kde byla provedena propla-
chova drenaz perikardu s dobrym efektem. Pacient byl
propustén na jeho prani 26. hospitaliza¢ni den v cel-
kové dobrém stavu, echokardiograficky perikard bez
separace.

Zavér: Purulentni perikarditida byla v obdobi pred Siro-
kym rozsifenim a pouzivanim antibiotik relativné cas-
tou komplikaci pneumokokové pneumonie. Progndza
je i pres cilenou ATB lé¢bu a drendz perikardu zavazna.
Mezi dlouhodobé komplikace patfi rozvoj konstriktivni
perikarditidy.

B REGIONALNI SATURACE KYSLIKU
NAD FRONTALNIM KORTEXEM
V PROGNOSTIKACI PACIENTU PO
MIMONEMOCNICNI OBEHOVE ZASTAVE
V PODMINKACH KARDIOLOGICKE
INTENZIVNI PECE

Kleissner M, Kettner J, Kautzner J, Sramko M
Klinika kardiologie, IKEM, Praha

Vychodiska: Spektroskopie v blizké infracervené oblasti
umoznuje monitoraci regionalni saturace O, (rSO,) fron-
talniho kortexu. Studie vyuziti rSO, k urceni prognozy
komatéznich pacientdl po mimonemocni¢ni obéhové
zastavé (OHCA) maji své limitace a jejich data jsou
konfliktni.

Cil: Exploracni analyza hodnot rSO, v predikci Sestimésic-
niho neurologického vysledku komatéznich pacientd po
OHCA.

Metody: Dva senzory pro tkarovou oxymetrii byly nale-
peny nad frontdlni laloky 23 konsekutivnich komatéznich
pacientd po OHCA ihned po prijeti k hospitalizaci. Systém
byl napojen na pacienta az do Uplného nabyti védomi
nebo do malfunkce senzorl. Po zpramérovani hodnot
z obou hemisfér byla pro kazdého pacienta zaznamené-
na vstupni hodnota rSO,, aritmeticky prdmér rSO, v prv-
nich péti minutach a 24 h hospitalizace. Ziskané hodnoty
rSO, byly korelovany s nejlep3im dosazenym neurologic-
kym vysledkem mérenym na skdle Cerebral Performance
Category (CPC) v dobé od 72 h do 180 dni po OHCA. CPC
1-2 byla povazovana za pfiznivy a CPC 3-4 za nepfiznivy
neurologicky vysledek.

Vysledky: Priznivy neurologicky vysledek mélo 13
(57 %), nepriznivy deset (43 %) pacientd. Dvanact
pacientt zemrelo (52 %), z nich deset na ireverzibilni
poskozeni mozku. Median snimani rSO, ve skupiné
s CPC 3-4 byl 47 h (42-63 h) oproti 36 h (26-44 h) ve
skupin& s CPC 1-2. Hodnoty rSO, ve skupiné s CPC 3-4
oproti CPC 1-2 se nelisily vstupné (72 % vs. 67 %, p
= 0,24), pramérem v prvnich péti minutach (72 % vs.
67 %, p =0,21), ani v prvnich 24 h (68 % vs. 66 %, p =
0,24). V zobecnéném aditivnim modelu srovndvajicim
mediany rSO, v prvnich 48 hodinach hospitalizace v za-
vislosti na neurologickém vysledku je patrny rozdilny
¢asovy trend rSO, (obr. 1).



Abstrakta odbornych akci :A

698
80 %
Trend: p < 0,0001
75 %
S
Q¢
70% _I )
A
) i
65% T

Oh 4h 8h 12h 16h 20h

24h  28h 32h 36h 40h 44h  48h
Cas

Obr. 1 - Casovy vyvoj regionalni saturace mozku kyslikem v zavislosti na neurologickém vysledku

Zavér: Neprokdzali jsme asociaci mezi nejlepsim CPC bé-
hem 3esti mésic a vstupni ani primérnou hodnotou rSO,
v prvnich péti minutach a 24 h hospitalizace.

B VZACNA ARYTMICKA
KOMPLIKACE
TAKO-TSUBO KARDIOMYOPATIE

Mala V, Hozman M

Kardiocentrum, Karlovarska krajské nemocnice a.s.,
Karlovy Vary

Tako-tsubo syndrom (TTS) predstavuje reverzibilni po-
stizeni myokardu v dusledku zvySené sympatetické sti-
mulace charakterizované prechodnou systolickou dys-
funkci apikalni nebo midventrikularni ¢asti levé komory.
Spoustécim faktorem byvd expozice psychickému nebo
fyzickému stresu. TTS postihuje az 6 % pacientd se
suspekci na akutni infarkt myokardu. Béhem akutni faze
jsou obvykle elektrokardiograficky patrné zmény repola-
rizace a v mensi mire téz depolarizace myokardu komor.
Navzdory reverzibilni povaze onemocnéni se frekvence
komplikaci v akutni fazi (napf. kardiogenni Sok, obstruk-
ce vytokového traktu levé komory, poruchy rytmu) blizi
Cetnosti akutnich komplikaci infarktu myokardu. Torsade
de pointes (TdP) predstavuje vzacnou komplikaci akutni
faze TTS s frekvenci asi 2-5 %.

Predkladame kazuistiku 76leté pacientky s apikdlni for-
mou TTS pfijaté po Uspésné kardiopulmondlni resuscitaci
pro obéhovou zastavu na podkladé fibrilace komor. Elek-
trokardiograficky byla jiz vstupné patrna prolongace in-
tervalu QT, nasledné s rozvojem arytmické boure (opako-
vané polymorfni komorové tachykardie typu TdP). Jako
terapie zvolena overdrive endovazalni kardiostimulace,
metoprolol v maximalni ddvce a posléze téz blokada gan-
glion stellatum. Po stabilizaci stavu a normalizaci systolic-
ké funkce levé komory byl vzhledem k pretrvavajici pro-

longaci intervalu QT pacientce implantovan implantabilni
kardioverter-defibrilator (ICD). Jako velmi pravdépodob-
na pfic¢ina TTS byla verifikovana akutni infekce covid-19
(varianta omicron). Vznik arytmické boure na podkladé
TdP pfisuzujeme rozvoji TTS u nemocné s redukovanou
repolarizacni rezervou (dosud klinicky némy syndrom
dlouhého QT). Béhem tfimésicniho sledovani je pacientka
bez obtizi, v dobré funké¢ni tfidé a bez antitachykardic-
kych terapii ICD.

Uvedena kazuistika ilustruje vzdcnou arytmickou kompli-
kaci TTS s moznymi fatalnimi dUsledky.

USTNI SDELENI - SESTRY

B KARDIOGENNI SOK U KOJiCi
PRVORODICKY

Kufova E, Rusnakova A, Spacek R

Koronarni jednotka, Nemocnice AGEL Tfinec Podlesi,
Trinec

Uvod: Kardiogenni $ok u mladé kojici a dosud zdra-
vé Zeny je velmi vzacny a je vzdy velkou psychickou
zatézi jak pro pacientku a jeji rodinu, tak pro perso-
ndl jednotky intenzivni péce, jez je pfirozené zvykly
osetfovat primarné star$i a polymorbidnéjsi pacienty.
Etiologie takovéhoto stavu je Siroka a je nutno odlisit
nékolik vzacnych diagnostickych jednotek. V této pra-
ci prezentujeme kazuistiku 25leté Zeny, u které doslo
k rozvoji zdvazné akutni myokarditidy se Sokovym sta-
vem.

Popis pripadu: Pétadvacetiletd Zena, pfijata na ldzko ko-
ronarni jednotky, klidové dusna, SpO, 87 %, p¥i Feci kasel,
febrilie, hypotenze. Echokardiograficky dysfunkce LK s EF
30 %, zavaznd/masivni mitrdIni regurgitace se znamkami
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nizkého srde¢niho vydeje. Po zajisténi invazivnich vstup
byla zahdjena |é¢ba Simdaxem, malou ddvkou noradre-
nalinu, intravenéznimi diuretiky, antipyretiky a empiricky
byla nasazena dvojkombinace antibiotik. Provedena ko-
ronarografie byla negativni.

V nésledujicich dnech velmi pozvolné zlepsovani stavu,
denné titrace terapie na zakladé aktualniho echokar-
diografického nalezu. Sesty den dle echokardiografie
vyznamné zlep$eni nalezu, EF LK 35-40 %, stfedné za-
vazna mitrdlni regurgitace, do terapie zarazena mala
davka beta-blokatoru. Sedmy den provedena magnetic-
ka rezonance srdce s ndlezem akutni myokarditidy s po-
stizenim obou komor, EF LK 45 %. Tfinacty den hospi-
talizace dle echokardiografického vysetieni normalizace
systolické funkce LK, regrese mitrdini insuficience t. ¢.
lehka, pacientka propusténa domi v bezproblémovém
stavu.

Diskuse: Nase prace popisuje pribéh hospitalizace mladé
kojici zeny s tézkou formou akutni myokarditidy. V pre-
zentaci bude kladen dliraz nejen na medicinskou stranku
véci, ale také na specifika sesterské a oSetfovatelské péce
u takto mladé, aktudlné kojici a dosud zdravé pacientky.

B AKUTNIi INFARKT MYOKARDU
RESENY URGENTNI PCl
S MECHANICKOU PODPOROU
IMPELLA ANEB SILVESTROVSKA
KAZUISTIKA

Musilova B, Ondrouskova |, Vicikova I, Kanovsky J,
Stipal R, Kala P

Interni kardiologicka klinika, FN Brno-Bohunice,
Brno

Akutni koronarni syndrom je dominantni diagnézou re-
$enou v rdmci akutni péce v katetrizac¢ni laboratofi. U pa-
cientd s komplexnim koronarnim néalezem vyZzadujicim
emergentni intervencni feSeni s vysokym rizikem kompli-
kaci mame moznost vyuzit mechanické srde¢ni podpory
(MSP). Jednou z moznosti MSP na nasem pracovisti je sys-
tém Impella CP.

Prezentujeme pripad 90leté pacientky prijaté na katetri-
zacni sdl pro akutni infarkt myokardu (AIM). Pfi korona-
rografii byl zjistén ndlez postizeni tfi tepen v¢etné kmene
levé korondrni tepny (ACS). PFi bézici ischemii, znamkach
pocinajiciho srde¢niho selhani a kontraindikaci chirurgic-
kého feseni bylo rozhodnuto o akutni perkutanni koro-
narni intervenci (PClI) s nutnosti MSP. Byla provedena PCl
kmene ACS se dvéma stenty s dobrym vysledkem. Vlastni
intervence byla pacientkou dobfe tolerovana, na konci
vykonu byla MSP ukoncena a katétr extrahovan. Dalsi
hospitalizace probihala bez komplikaci a pacientka byla
propusténa do domadci péce.

Vyuziti systému Impella u tohoto typu pacientl patfi
mezi typické indikace mechanickych srdec¢nich pod-
por, spolecné s kazuistikou prezentujeme nase rocni
zkuSenosti a data o vyuziti systému u nami rfesenych
pacientu.

B SPOLUPRACE A KOMUNIKACE LEKARU
MEZI SEBOU Z POHLEDU SESTRY

Navratilova M, Horalkova E, Janota T, Malik J

Koronarni jednotka, lll. interni klinika, VFN, Praha

Dulezitost komunikace a spoluprace mezi lékafi na jedné
strané a sestrami na druhé strané je opakované diskuto-
vana a je ji vénovana pozornost. Jak je to ale s dopadem
komunikace a spoluprace mezi lékafi na sesterskou praci?
Péce sester o pacienty neprobiha odtrzené od prace léka-
0. Neuspokojiva schopnost komunikace a dohody mezi
Iékari navzajem a jeji dopad na sesterskou préci, a tim
potencialné i na zdravi pacienta je nezfidka trochu zane-
dbavéana. Redeni této problematiky je sloZité, ale nemélo
by byt opomijeno.

Napftiklad pFi vySetfovani a [é¢eni nemocnych casto neni
jednoznacné spravny ci spravnéjsi jediny postup. Nékdy
jsou ve hre dvé varianty, nékdy dokonce vice. V nékte-
rych situacich alternativni postupy nemaji zasadné roz-
dilny vysledek. Zvoleni jedné ¢i druhé alternativy nevadi.
Slozitéjsi je to pfi presvédceni o zdsadnim nepfriznivém
dopadu jednoho z postupt. K profesionalité |ékare by
mélo patfit potlaceni osobniho ega v zajmu pacienta
a v zdjmu pacienta je soulad a jednotny pfistup tymu.
Sestra vnima a ocenuje, kdyz je zvoleny postup diagnosti-
ky a lécby respektovan celym tymem lékarl a sester. Ne-
jistota, zda to, co se déla s pacientem, je dobre, sestru
jisté nepovzbudi v pracovnim nadseni.

Lékafi dohadujici se mimo oci a usi pacient by méli mys-
let také na oci a usi zdravotnich sester a bratrd. Mysli tim
i na zajem pacient0.

B DRENAZ PNEUMOTORAXU
#STATE-OF-THE-ART"

Rusnakova A, Kufova E, Spacek R

Korondrni jednotka, Nemocnice AGEL Trinec-Podlesi,
Tfinec

Uvod: MnozZstvi intervenénich vykont v kardiologii v po-
slednich desetiletich exponencidlné roste. S tim samozrej-
mé ruku v ruce nardstd mnozstvi nejriznéjsich komplika-
ci, na které musi byt persondl jednotek kardio-intenzivni
péce pripraven. Jednou z téchto komplikaci je pneumoto-
rax. Pneumotorax je relativné vzacnou komplikaci vykon(
ve vyspélych kardiocentrech, a mozna pravé proto se mu
Casto nevénuje adekvatni pozornost.

Cil prezentace: Popsat zapojeni sestry v celém procesu
péce o pacienta s pneumotoraxem — od drendze pres
oSetrovani az po indikaci k extrakci drénu. Prezentovat
aktualni doporuceni terapie PNO s dirazem kladenym na
pouzivani tenkych (8-10F) drénu, Setrného zavadéni a ul-
trazvukové navigace.

Zavér: Reseni pneumotoraxu neni ¢astym tématem sdé-
leni na férech kardio-intenzivni péce, patfi vsak jedno-
znacné k zasadnim schopnostem a znalostem celého
tymu, jenz pecuje o pacienty po interven¢nich vykonech
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Abstrakta odbornych akci :A

¢i o nemocné pfijimané pro nejasnou dusnost a bolesti na
hrudi. Tato prezentace shrnuje aktualni doporucené po-
stupy v této problematice, a to predeviim s dirazem na
sesterskou cast procesu.

B VENOARTERIALNI EXTRAKORPORALNI
MEMBRANOVA OXYGENACE Z POHLEDU
SESTRY

Vrabelova P, Sturmova D, Ostadal P

Kardiocentrum, Nemocnice Na Homolce, Praha

Uvod: Venoarterialni (VA) extrakorporalni membranova
oxygenace (ECMO) patfi mezi nepulsatilni mechanické
podpory obéhu a pouziva se v l1écbé tézkého kardiogen-
niho Soku nebo u refrakterni srde¢ni zastavy. Tato meto-
da je ovsem spojena s celou fadou specifickych osetfova-
telskych problém.

SEZNAM INZERENTU

Metody a vysledky: Zamérili jsme se na vycet a hodno-
ceni zvladstnosti osetfovatelské péce u nemocnych, léce-
nych VA ECMO. Péce o tyto nemocné vyZaduje specifické
pfistupy v monitoraci vitdlnich funkci, monitoraci sprav-
né funkce a nastaveni systému, moznostech polohovani
a prevence dekubitd, specidlni laboratorni vysetfeni, po-
stupy k monitoraci a kontrole krvacivych a ischemickych
komplikaci. Také transport nemocnych na VA ECMO vy-
zaduje zvlastni pfistup. Zcela nezbytna je znalost principu
metody a nejraznéjsich chybovych hlaseni a alarmu systé-
mu, které ¢asto znamenaji nutnost urgentniho feseni. Ve
srovndni s béznym pacientem v intenzivni péci je u téchto
nemocnych také castéji potifebnd multioborova spolupra-
ce k reSeni probléma.

Zavér: VA ECMO predstavuje casto jedinou cestu k za-
chrané pacienta s tézkym selhanim srdecni pumpy, ale je
spojena s velmi naro¢nou osetiovatelskou péci a klade vy-
soké ndroky na stfedni zdravotnicky personal.

& RECORDATI

Herbacos Recordati s.r.o.,
Strossova 239, 530 03 Pardubice
https://www.recordati.cz/

*Chiesi

Chiesi CZ s.r.o.
Smrckova 2485/4, 180 00 Praha 8
http://www.chiesi.cz

U/, NOVARTIS

Novartis s.r.o.,
Na Pankréci 1724/129, 140 00 Praha 4
https://www.muj.novartis.cz

@ Pﬁzer

Pfizer, spol. s r.o.,
Stroupeznického 3191/17, 150 00 Praha 5
www.pfizerpro.cz/eliquis

ROCHE s.r.o.,
Sokolovska 685/136f, 186 00 Praha 8
https://www.roche-diagnostics.cz/

QERO.MED.CS

Praha a.s.

PRO.MED.CS Praha a.s.,
Telc¢ska 377/1, 140 00 Praha 4
www.promed.cz

§wi¥*° BioPharma

Swixx Biopharma s.r.o.,
Hybernska 1034/5, 110 00 Praha 1
https://www.swixxbiopharma.com/czech.htm
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