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Uvod: Fibrilace sini (FS) je onemocnéni postihujici mnoho lidi, zvlasté starsi osoby. U viech z nich je pfitomno
zvysené riziko tromboembolické pFihody. Ke snizeni rizika se u téchto nemocnych provadi antikoagula¢ni
lécba. K dispozici jsou dva typy antikoagulancii — antagonista vitaminu K warfarin a nova (neboli pfima
peroralni) antikoagulancia dagibatran a rivaroxaban. Protoze osoby s FS obvykle maji nékolik dalsich one-
mocnéni a jiné komplikace, napf. riziko krvaceni a tromboembolie, uzivaji soucasné nékolik 1éCiv, coz pfri
jejich metabolické preméné zvysuje riziko lékovych interakci spolecnych pro P-glykoprotein a CYP450. Vétsi
pozornost vénovana zdravotniky monitorovani Gcinku farmakoterapie a edukace pacientli o nejcastéjsich
Iékovych interakcich pfi uzivani peroralnich antikoagulancii by mohla pomoci zajistit bezpecnéjsi a ucinnéjsi
antikoagula¢ni 1écbu.
Cil: Definovat a analyzovat nej¢astéjsi mozné Iékové interakce u perorélnich antikoagulancii — warfarinu,
dabigatranu a rivaroxabanu - nejcastéji podavanych vysoce rizikovym pacienttim s FS v Lotyssku.
Materidly a metody: Na kardiologické klinice fakultni nemocnice Paulse Stradinse (Lotyssko) se v obdobi od
fijna 2016 do Cervna 2017 provadéla prirezova studie s naslednou kvantitativni analyzou udaju ziskanych
od vysoce rizikovych nemocnych s FS, ktefi denné uzivali peroralni antikoagulancia. Po podepsani informo-
vaného souhlasu pacientli se shromazdovaly jejich demografické udaje, zjistovaly informace o pravidelné
a Casto uzivané medikaci a potravinovych doplricich. Vysledky laboratornich testl a echokardiografického
vysetieni byly zkombinovany s osobni anamnézou pacientd. Statisticka analyza ziskanych udaju se provadéla
s pouzitim softwaru SPSS Statistics.
Vysledky: Do studie bylo zafazeno celkem 143 pacient(; z tohoto poctu bylo 46,2 % muzd a 53,8 % Zen
prameérného véku 69,7 (SD 9,9) roku. Z medikace jich 53,8 % uzivalo warfarin, 16,1 % dabigatran a 33,6 %
rivaroxaban. U 49,7 % pacientd bylo zjisténo zvysené riziko moznych Iékovych interakci. U osob uzivajicich
warfarin se nejCastéji jednalo o mozné Iékové interakce s potravinovymi doplriky obsahujicimi omega-3
kyseliny (20,8 %), s amiodaronem (16,7 %) a s inhibitory protonové pumpy (13,8 %). V pfipadé pacientu léce-
nych dabigatranem byly zaznamenany nejcastéjsi potencialni interakce s inhibitory protonové pumpy (26,1
%), s amiodaronem (17,4 %) a s potravinovymi doplriky obsahujicimi omega-3 kyseliny (13,0 %). U pacientt
uzivajicich rivaroxaban se jednalo o nejcastéjsi mozné lékové interakce s amiodaronem (29,2 %), s potra-
Zaveér: Ze viech vysoce rizikovych pacientl s FS bylo u 47,7 % zjisténo stfedné vysoké nebo vysoké riziko moz-
nych lékovych interakci, nejcastéji ve spojeni s uzivanim potravinovych doplrikd. Celkem 50,3 % pacientd
uzivalo antagonistu vitaminu K warfarin. Nejcastéjsi mozné lékové interakce ve skupiné s warfarinem byly
zaznamenany ve spojeni s potravinovymi doplriky obsahujicimi omega-3 kyseliny (20,8 %) a amiodaronem
(16,7 %), ve skupiné uzivajici dabigatran to byly inhibitory protonové pumpy (26,1 %) a amiodaron (17,4 %);
ve skupiné uzivajici rivaroxaban byly zjistény mozné lékové interakce s amiodaronem (29,2 %) a s potravino-
vymi doplriky obsahujicimi omega-3 kyseliny (16,7 %). Povédomi zdravotnikd o téchto interakcich by mohlo
prispét k vyssi bezpecnosti a ucinnosti antikoagulacni 1é¢by vysoce rizikovych osob s fibrilaci sini.
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ABSTRACT

Introduction: Atrial fibrillation (AFib) is a disease that affects many people, especially elderly ones. All of
these persons have an increased risk of thromboembolic event. For lowering the risk these patients use an-
ticoagulation therapy. There are two types of oral anticoagulants - vitamin K antagonist warfarin and new,
known also as direct oral anticoagulants, dabigatran and rivaroxaban. Due to several comorbidities and
other complications, e.g. the risk of bleeding and thromboembolism, AFib patients are using different me-
dication simultaneously, therefore increasing the risk of drug-drug interactions because of one metabolism
path through P-glycoprotein and CYP450. Monitoring of medical therapy and patient education about most
frequent drug-drug interactions using oral anticoagulants could raise attention of health care professionals
to the possible drug-drug interactions and promote safe and effective anticoagulation therapy.

Aim: To define and analyze the most common potential drug-drug interactions for most frequent used oral
anticoagulants — warfarin, dabigatran, rivaroxaban - in patients with high-risk AFib in Latvia.

Materials and methods: Quantitative analytic cross-section research was made in time period from October
2016 till June 2017 in Pauls Stradins clinical university hospital, Center of Cardiology in Latvia. The data
about patients with high-risk AFib who used oral anticoagulants daily were selected. After signed patients
consent form the demographic data, regularly and frequently used medication and food supplements were
obtained. Laboratory analysis and echocardiography data were specified with the help of case anamnesis.
For statistical data analysis were used SPSS Statistics database.

Results: Altogether 143 patients were enrolled in this study, from which 46.2% were male, 53.8% female,
with the mean age 69.7 (SD 9.9) years. 53.8% used warfarin, 16.1% dabigatran and 33.6% used rivaroxaban.
49.7% of patients had increased risk of possible drug-drug interactions. For warfarin users the most frequent
potential interactions were with omega-3 supplements (20.8%), amiodarone (16.7%) and proton pump
inhibitors (13.8%). For dabigatran users the most frequent potential interaction was with proton pump
inhibitors (26.1%), amiodarone (17.4%) and omega-3 supplements (13.0%). For rivaroxaban users the most
frequent potential drug interaction was with amiodarone (29.2%), omega-3 supplements (16.7%) and non-
-steroidal anti-inflammatory drugs (4.2%).

Conclusion: From all high-risk AFib patients 47.7% had potentially moderate or major risk of drug inter-
actions, most frequently with food supplements. 50.3% patients used warfarin, K vitamin antagonist. The
most frequent potential drug interaction in warfarin group was with omega-3 supplements (20.8%) and
amiodarone (16.7%), in dabigatran group with proton pump inhibitors (26.1%) and amiodarone (17.4%),
in rivaroxaban group with amiodarone (29.2%) and omega-3 supplements (16.7%). Awareness of these in-
teractions between health care professionals could promote the safety and effectiveness of anticoagulation

Warfarin therapy for high-risk atrial fibrillation patients.
reign substances out of the cell back into the lumen and
Introduction decreasing their concentration in blood. P-glycoprotein

is also a part of dabigatran and rivaroxaban metabolism

Atrial fibrillation (AFib) is a problem that affects 1.5% of
Latvia’s population (1,5%)'. The prevalence of AFib in-
creases with age, in a group of 60-70-year-olds presen-
ting in 3,7-4,2% of cases but in a group of 80 and older
reaching 10-17% prevalence.?

Persons with this condition, depending on individual
risk factors, are in an increased ischemic stroke risk group.?
To lower this risk patients are required to use antithrom-
botic prophylaxis with oral anticoagulants. For many
years the only oral anticoagulant was K vitamin antago-
nist warfarin. Warfarin is rather complex to use because
of the regular needed laboratory tests, diet restrictions,
difficulties maintaining the INR (international normalized
ratio) in its therapeutic range and the large number of
medication that has the potential of interacting with it,
raising its levels in the blood and leading to overdosing.

Almost ten years ago in the market appeared novel
oral anticoagulants (NOACGs), dabigatran and rivaroxa-
ban, that did not need regular laboratory testing, were
easier to use, had lower risk of drug-drug interactions
and altogether provide a better safety profile.*

For all of these potential drug-drug interactions a big
role plays P-glycoprotein and CYP450.> P-glycoprotein,
also called multidrug resistance protein 1, that is an efflux
transporter, mainly is found in tissues with excretory func-
tion, such as in intestine, liver and kidneys, pumping fo-

path.® A spectrum of commonly prescribed cardiovascular
drugs are also P-glycoprotein substrates and can have cli-
nically relevant interactions with anticoagulants.”

Another very important metabolic pathway is through
CYP-450, which is a protein of a superfamily that contains
heme and cofactors. CYP-450 is responsible for about
75% of drug metabolism paths,® also for warfarin and
rivaroxaban metabolism.>'° In a situation, where oral an-
ticoagulant is used with other drugs or food supplements
that can influence CYP450 activity, there is a potential
risk, that it can disrupt the concentration level of antico-
agulant and leading to toxic levels.

AFib patients use daily around four drugs,"" leading to
high possibility that these medications have the poten-
tial to interact with one-another. To lower this risk it is
important to start focusing not only on separate drugs
to treat the disease, but also on the metabolism path for
these medications and how these drugs can potentially
dangerously interact with one another.

Aim

To define the most common potential drug interactions for
oral anticoagulant, warfarin, dabigatran and rivaroxaban,
users in Latvian society with high-risk atrial fibrillation.
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Materials and methods

Quantitative analytic cross-section research was performed
in time period from October 2016 to June 2017 in Pauls
Stradins clinical university hospital, Center of Cardiology.
Research was made by selecting patients that met all the
inclusion criteria and did not have any exclusion criteria.

Inclusion criteria:

e patient is at least eighteen years old;

e patient is hospitalized in Cardiology Center of Lat-
via during the interview;

e patient agrees to participate in this research and
signs an informed consent document, indicating
that they understand the purpose of this study
and are willing to participate in the study;

e person during the interview has full consciousness;

e person is a non-valvular (as defined by European
Society of Cardiology)'? high-risk atrial fibrillation
patient at least in one of the risk evaluation scores
(CHA,D,-VASc score for men more or equal to 2,
for woman more or equal to 3; HAS-BLED score

more or equal to 3, ORBIT score more or equal to
4, ATRIA score more or equal to 6);
e patient uses oral anticoagulants daily.

Exclusion criteria:

e patient does not agree to participate in this re-

search;

e patient does not use oral anticoagulants daily;

e patient is a valvular AFib patient;

e patient uses oral anticoagulant for any other rea-

son that is not AFib.

The interview included demographic questions, ques-
tions about previous echocardiography results, disease
anamnesis, daily and frequently used medication and
food supplements, laboratory tests. Data precision was
made with case anamnesis reviewing. The interview was
held orally and in case of any unclear questions they were
explained and clarified.

After the interview all collected data were entered in
SPSS Statistics and quantitative analysis was made.

The most common drugs and food supplements that AFib
patients use and that have the potential to interact were de-

Table 1 - Potential drug interaction severity for different oral anticoagulants

Antiplatelets  SSRIs, SNRIs  NSAIDs Amiodarone Omega-3 Proton pump  Spironolactone
supplements inhibitors
Warfarin Major Moderate Major Major Moderate Moderate No interr.
Dabigatran Moderate Moderate Major Moderate Moderate Moderate Moderate
Rivaroxaban Major Moderate Major Moderate Moderate No interr. No interr.

Table 2 - Main characteristics of study groups

Warfarin users

Dabigatran users Rivaroxaban users

Variables 72 23 48

Female, % 56.9 52.2 50.0

Men, % 43.1 47.8 50.0

Age, years 71.0 (SD 9.4) 65.3.9 (SD 10.1) 69.9 (SD 10.1)
Hypertension, % 84.1 80.0 78.1

Chronic heart failure, % 66.7 45.0 56.2
Percutaneous coronary interventions, % 12.7 10.0 15.6

Cerebral infarction, % 14.2 10.0 9.3

Artificial cardiac pacemaker, % 23.8 0 21.8
Cardiomyopathy, % 6.3 0 9.4

Coronary heart disease, % 46.0 30 375
Paroxysmal atrial fibrillation, % 11.5 333 29.0

Persistent atrial fibrillation, % 54.1 50.0 48.4
Permanent atrial fibrillation, % 34.4 16.7 22.6

LVEF, % 51.13 (SD 14.10) 61.08 (SD 6.30) 58.36 (SD 9.10)
LA, mm 46.23 (SD 9.69) 43.93 (SD 4.81) 45.04 (SD 7.98)
LAVI, ml/m? 46.10 (SD 17.41) 40.50 (SD 7.28) 40.19 (SD 13.93)
CHA,DS,-VASc 4.4 (SD 1.4) 3.8 (SD 1.6) 4.1(SD 1.7)
HAS-BLED 2.7 (SD 1.3) 2.6 (SD 1.5) 2.5(SD 1.1)
ORBIT 1.6 (SD 1.4) 1.7 (SD 1.9) 1.7 (SD 1.9)
ATRIA 6.5 (SD 2.5) 5.1(SD 2.9) 5.8 (SD 2.7)




K. Apsite et al.

269

fined antiplatelet agents, non-steroidal anti-inflammatory
drugs, antiarrhythmics, such as amiodarone, omega-3 food
supplements, proton pump inhibitors, such as omeprazole
and pantoprazole, serotonin and norepinephrine reuptake
inhibitors (SNRIs) and selective serotonin reuptake inhibitors
(SSRIs) and spironolactone for interactions with dabigatran.

In Table 1 you can see the defined most common drug
interactions for warfarin, dabigatran and rivaroxaban
users and the potential of interaction.

These medications used together have the potential
of interacting with one another and that puts a higher
bleeding risk for those patients (https://www.drugs.com/
drug_interactions.php).

If the patient daily or frequently used all the other me-
dication except anticoagulants, at least 3 times a week or,
in NSAIDs case, at least once in two weeks, it was noted as
a medication that patient uses.

Results

Altogether 143 patients were included in this research
and were hospitalized in Center of Cardiology in Latvia.

From all the patients 46.2% were male and 53.8% were
female. The mean age was 69.7 (SD 9.9) years. From all
the included patients 50.3% used warfarin, 16.1% dabi-
gatran and 33.6% used rivaroxaban. The main group cha-
racteristics you can see in Tables 2 and 3.

There was discovered that 49.7% of patients using daily
oral anticoagulants have potential drug interactions because
of one metabolism path through P-glycoprotein and CYP450.

Warfarin
Warfarin was the most frequent chosen anticoagulant for
ischemic stroke prophylaxis — in 50.3% of cases.

From all the patients 54.2% (39) had potential drug in-
teraction of which 30.56% (22) were major drug interac-
tions and 33.33% (24) moderate drug interactions. 15.3%
(11) of all the warfarin users had multiple potential drug
interactions, but 38.9% (28) had single potential interac-
tion. In Table 4 you can see all the medication that was
detected and had potential drug interactions with warfa-
rin in descending order, starting from the most common
potential drug interactions and leading to least popular.
Medication combinations that have potentially major
drug interactions were written in bold.

Table 3 - Mean laboratory test results

Warfarin
Leukocyte, x 10%/L 9.1(SD 7.7)
Erythrocyte, x 10™2/L 4.7(5D0.7)
Hemoglobin, g/L 128.6 (SD 27.6)
Hematocrit, % 40.5 (SD 5.8)
APTT, s 50.0 (SD 18.3)
INR 2.2(SD (1.2)
ALAT, U/L 28.8 (SD 15.8)
ASAT, U/L 33.8 (SD 22.0)
Glucose, mmol/L 6.9 (SD 1.9)
Creatinine, mmol/L 93.1 (SD 26.5)
Potassium, mmol/L 4.4 (SD 0.5)
Triglycerides, mmol/L 1.6 (SD 0.7)
Cholesterol, mmol/L 4.5 (SD 1.4)
HDL, mmol/L 1.3 (SD 0.4)
LDL, mmol/L 2.6 (SD 1.1)
CRO, mg/L 16.1 (SD 57.5)

Dabigatran Rivaroxaban
8.1 (SD 3.6) 7.3 (SD 1.8)
4.7 (SD 0.5) 4.6 (SD 0.6)
128.9 (SD 32.5) 131.9 (SD 18.0)
40.9 (SD 3.7) 40.5 (SD 5.4)
50.2 (SD 14.2) 39.2 (SD 6.8)
1.2 (SD 0.2) 1.2 (SD 0.2)
33.9 (SD 24.8) 32.0 (SD 24.1)
26.0 (SD 13.4) 30.3 (SD 18.6)
6.2 (SD 1.5) 6.8 (SD 3.1)
75.0 (SD 35.5) 93.4 (SD 17.1)
4.5 (SD 1.0) 4.6 (SD 0.4)
1.4 (SD 0.6) 1.5 (SD 1.0)
4.2 (SD 2.0) 4.3 (SD 1.7)
1.3 (SD 0.4) 1.3(SD 0.3)
2.9 (SD 1.5) 2.5(SD 1.2)
7.8 (SD 18.6) 2.5(SD 2.1)

Table 4 - Most frequent drug interactions for warfarin users

Nr. Drug/food supplement
this medication

1. Omega-3 supplements 20.8%

2. Amiodarone 16.7%

3. Proton pump inhibitors 13.8%

4. NSAIDs 12.5%

5. Rosuvastatin 5.6%

6. Aspirine 4.2%

7. Clopidogrel 1.4%

Percentage of patients that use

Number or patients that use
this medication

15
12
10

9
4
3
1
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Dabigatran
Dabigatran as anticoagulant for ischemic stroke prophy-
laxis was chosen in 16.1% of cases. From all the patients
47.8% (11) had potential drug interaction. From all the
dabigatran users 4.3% (1) had major drug interactions
and 47.8% (11) moderate drug interactions. 13.0% (3) of
the persons who use dabigatran had multiple potential
drug interactions, but 34.8% (8) —single drug interaction.
In Table 5 you can see the most frequent drug inter-
actions between dabigatran and other drugs and food
supplements for patients with high-risk atrial fibrillation.

Rivaroxaban

Rivaroxaban as anticoagulant for ischemic stroke prophy-
laxis was chosen in 33.6% of cases and from this group
a potential drug-drug interaction was found in 43.8%
(21) of cases. From all the patients 4.2% (2) had major
drug interactions and 39.6% (19) moderate drug interac-
tions. 8.3% (4) of the persons had multiple potential drug
interactions, but 35.4% (17) single drug interaction. In
Table 6 you can see the most frequent drug interactions
between rivaroxaban and other drugs and food supple-
ments for patients with high-risk atrial fibrillation.

Discussion

Potential drug-drug interaction is a threat for almost half
of all the high-risk atrial fibrillation patients that use oral
anticoagulants daily. These interactions can dangerously
rise or lower the anticoagulant levels in blood serum de-
pending whether it inhibits or stimulates P-glycoprotein or
CYP-450, leading to bleeding episodes. Identifying these
drug combinations that are used most frequently and have
the potential to increasing bleeding risk, could help draw
health care professional and patient attention to these
interactions. Emphasizing how import is to evaluate all
the metabolism paths for all the drugs and food supple-
ments that the patient uses daily could encourage health
care professionals to make adjustments to the therapy for

Table 5 - Most frequent drug interactions for dabigatran users

lowering the potential drug interaction risk and reducing
the bleeding risk to minimum, gaining the most benefits.

Drug-drug interactions (DDI) are not just a problem
in cardiology and anticoagulant usage. There have been
studies in different medicine field, for example in surgical
departments, where as high as in 89% of all cases there
had been potential drug-drug interactions,'> whereas in
a 2012 study in Brazil, it was calculated that 63% of pa-
tients that used drugs had potential drug interactions, risk
increasing if patient used 3-5 drugs to 6 or more drugs.'
In 2016 a study was made, where was calculated that for
each physician there were 1.3% of woman and 1.2% of
men that had used at least one contraindicated potential-
ly interacting drug-drug combination during the past 12
months. Also it was analyzed that the highest probabili-
ty to be exposed to DDI was in general practitioner and
cardiologist patient care. From anticoagulants the most
frequent potential drug-drug interaction was mentioned
in warfarin with high dose salicylate.”

If we analyze what are the most common potential
DDI in other studies, we can see parallels with our study,
where the number of potential drug interactions have
been around 35% of cases, but the most common ones
have been NSAIDs,'® but in others with amiodarone'” or
antiplatelets, such as acetylsalicylic, clopidogrel, statins
and proton pump inhibitors.” Also an important fact,
why attention to this problem should be raised is because
there has been researches where it is concluded that con-
comitant use of drugs that has the potential to interact
is involved in majority of warfarin-associated bleeding
events."

The research data were collected from patients du-
ring their hospitalization time. There is a possibility that
these data could differ from society. This probability can
be taken into account, because in hospital concentrate pa-
tients that have other cardiac conditions for which they
may had been hospitalized and for example use more
drugs daily than people, who have not been hospitalized.

The potential drug-drug interactions are not enough
emphasized when talked about oral anticoagulants. Con-

Nr. Drug/food supplement

medication
1. Proton pump inhibitors 26.1%
2. Amiodarone 17.4%
3. Omega-3 supplements 13.0%
4. NSAIDs 43%
5. Spironolactone 43%

Percentage of patients that use this

Number or patients that use
this medication

Table 6 — Most frequent drug interactions for rivaroxaban users

Nr. Drug/food supplement

29.2%
Omega-3 supplements 16.7%
NSAIDs 4.2%
SSRIs 2.1%

Amiodarone

B =

Percentage of patients that use
this medication

Number or patients that use
this medication

14
8
2
1
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sidering the fact that AFib patients have a higher preva-
lence of comorbidities?® that requires adequate therapy as
written is those corresponding guidelines, there is a risk
that these guidelines have not foreseen guideline over-
lapping. There is possibility that health care professionals
choose the most appropriate drug for each disease sepa-
rately, predominantly not checking whether there are
some drug with the potential to interact with each other
and therefore leading to the increased bleeding risk.
Drawing more attention to this topic could improve me-
dical therapy, gaining the most benefits for the least risk.

Conclusions

From all high-risk atrial fibrillation patients 47.7% of
them has a potentially moderate or major drug interac-
tions with other drugs or food-supplements.

The main part, 50.3% of the patients uses warfarin as
oral anticoagulant.

The most frequent potential drug interaction in war-
farin group was with omega-3 supplements (20.8%) and
amiodarone (16.7%), in dabigatran group with proton
pump inhibitors (26.1%) and amiodarone (17.4%) and in
rivaroxaban group with amiodarone (29.17%) and ome-
ga-3 supplements (16.67%).

Awareness of these potential interactions between
health care workers could lead to safer conservative
treatment for high-risk atrial fibrillation patients.
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Akutni infarkt myokardu
miR-499

Srdecni troponin

Akutni infarkt myokardu je jednou z hlavnich pfi¢in morbidity a mortality v rozvojovych zemich, jako napt.
v Indii, a dokonce po celém svété. Jeho etiologie je slozita vzhledem k nékolika zkreslujicim faktorlim v jeho
patogenezi. V posledni dobé se prokdazalo, Zze vyznamnou ulohu v predikci diagnézy a prognézy infarktu
myokardu hraji malé molekuly RNA, oznacované jako mikroRNA (miR), z nichz miR-499 hraje zcela zasadni
roli v zotavovéni kardiomyocytli po poranéni. Od té doby nékolik studii identifikovalo nékolik typt miR
spojenych s kardiovaskularnimi onemocnénimi; z nich se miR-499 exprimuje hlavné v myokardu. Hlavnim
cilem nasi studie bylo zkoumat ulohu miR-499 v diagnostice AIM. Do studie bylo zafazeno 60 pacient(
s AIM ve véku 30 az 60 let a stejny pocet kontrolnich osob odpovidajiciho véku a pohlavi. Zarazeni viech
Ucastnikd probéhlo na pracovisti terciarni péce (Mahatma Gandhi Medical College and Research Institute).
Analyza hodnot miR-499 se provadéla metodou RT-PCR, zatimco lipidovy profil a hodnoty CK (NAC), CK-MB
a srdecnich troponinli (pomoci vysoce senzitivni metody) se stanovovaly metodami schvalenymi IFCC. Pro
srovnani prdmeérnych hodnot ptipadd a kontrol byl pouzit neparovy Studentiv test. Vztah mezi hodnotami
miR a klasickymi markery se zkoumal pomoci Pearsonova korelacniho koeficientu. Senzitivita a specificita
miR-499 u AIM se hodnotila pomoci vynesené kiivky ROC (Receiver Operating Characteristic). Nase studie
prokdzala statisticky vyznamné vysoké hodnoty miR-499 u pacientd s AMI ve srovnani se zdravymi kontrol-
nimi osobami (p = 0,012). Hodnoty miR-499 pozitivné korelovaly s hodnotami hs-cnTnT (r = 0,582; p < 0,01)
a CK-MB (r = 0,443; p < 0,01). Plocha pod kfivkou ROC pro miR-499 méla hodnotu 0,974 se senzitivitou 93,33
% a specificitou 86,67 %; tedy pomérné vyssimi nez v pfipadé v soucasnosti pouzivanych markerd CK-MB
(86,67 %, resp. 71,67 %) a hs-cnTnT (90,00 %, resp. 81,56 %). Analyza kombinované senzitivity uvedenych
biomarkerd prokazala, Ze jejich senzitivita se zvysuje, zatimco specificita se snizuje. Z vysledkd vyplyva, ze
miR-499 vyznamné koreluje s ostatnimi klasickymi markery pfi vyssi senzitivité a specificité, a mohl by tedy
slouzit jako presnéjsi marker v ¢asné diagnostice AIM.

© 2019, CKS.

ABSTRACT

Acute myocardial infarction is one of the leading causes of morbidity and mortality in developing countries
such as India and even worldwide. Its etiology is complicated because of several confounding factors invol-
ved in its pathogenesis. Recently, MicroRNA has been recognized to play an important role in predicting
the diagnosis and prognosis of myocardial infarction. MiR-499 plays a pivotal role in the recovery of cardiac
cell, following injury. Since several studies have profiled several miRs in cardiovascular diseases and of which
miR-499 is mainly expressed in the myocardium. Our study is primarily designed to explore the diagnostic
role of miR-499 in AMI. The study included 60 AMI patients aged 30-60 years and an equal number of age
and gender matched controls. All cases were taken from Mahatma Gandhi Medical College and Research
Institute a tertiary healthcare set up and analyzed for miR-499 by RT-PCR, Lipid Profile, CK (NAC), CK-MB and
high sensitivity cardiac Troponin T were analyzed by IFCC approved methods. Unpaired Student’s test was
performed to compare the mean of the cases with the controls. Pearson correlation was used to study the
association of miR with conventional markers. Receiver Operating Characteristic curve was plotted to find

Address: Prof. Ramasamy Ramesh, MD, Department of Biochemistry, Jawaharlal Institute of Postgraduate Medical Education and Research Karaikal, India,

e-mail: rameshrdr30@gmail.com
DOI: 10.1016/j.crvasa.2018.03.008

Please cite this article as: Vengatapathy K. Velu, Ramesh R, Rajappa M, et al. Role of serum microRNA-499 as a diagnostic marker in acute myocardial infarction. Cor Vasa 2019;61:

e272-e276.



K. Velu Vengatapathy et al.

273

out the sensitivity and specificity of miR-499 in AMI. Our study showed significantly high levels of miR-499
in AMI patients in comparison to the healthy controls (p = 0.012). MiR-499 levels positively correlated with
hs-cnTnT (r = 0.582, p < 0.01) and CK-MB (r = 0.443, p < 0.01). ROC for miR-499 showed an AUC 0.974 with
93.33% sensitivity and 86.67% specificity which was comparatively higher than the current markers CK-MB

Keywords:
Acute myocardial infarction
Cardiac troponin

(86.67% and 71.67%) and hs-cTnT (90.00% and 81.56%). When these biomarkers analyzed for combined
sensitivity increases but the specificity decreases. The results showed that miR-499 has a significant correlati-
on and also had higher sensitivity and specificity when compared to other conventional markers and thus it

miR-499 could serve as a better early diagnostic marker of AMI.
3. Rise and fall of the cardiac biomarker (CK-MB/tro-
Introduction ponin).

An early diagnostic marker is critical and imperative for
appropriate and timely management of acute myocardial
infarction (AMI), which is one of the leading causes of
mortality and morbidity worldwide." Creatine kinase (CK
NAC), CK-MB and high sensitivity cardiac troponins (hs-
-cnTnT) currently serve as a biomarker in diagnosing AMI?
and their sensitivity and specificity in early hours of Ml is
still not convincing. Recently, several novel markers have
been evaluated for their use in early diagnosis of Ml and
the role of microRNA is promising.

MicroRNAs (miR) are non-coding RNAs, approximately
with 18-27 nucleotides which play an important role in
the regulation of cellular processes such as proliferation,
differentiation, development, and apoptosis.>* MiR's are
promising markers and play a cardinal role in the develop-
ment and functions of the myocardium.>” MiRs target
most human protein coding genes; especially miR-499
encoded by myosin gene family shows a high expression
in circulation in patients with AMIL2 It is involved in the
structural and functional differentiation of cardiac stem
cell into cardiomyocytes® and also plays a pivotal role in
the recovery of cardiac cell, following injury.'®'" Few stu-
dies in the recent past have shown that miR in body fluids
are highly stable and become specific molecular signatu-
res for diseases thus enabling them as markers of diagno-
sis as well as prognosis.>'> Only a few studies have been
reported thus far in the literature signifying the use of
miR in the diagnosis of the AMI."*-'> In this study, our pri-
mary aim was to assess the diagnostic utility of miR-499 in
the acute myocardial infarction in comparison with other
conventional markers.

Methodology

The study was undertaken at Mahatma Gandhi Medical
College and Research Institute a tertiary healthcare cen-
ter, Puducherry in collaboration with General Medicine
unit. 60 patients in the age group between 30 to 60 were
included in the study after obtaining Institutional Human
Ethics Committee approval and informed consent from
the subjects.

Inclusion and exclusion criteria
Patients were admitted to the hospital with a diagnosis
of acute myocardial infarction. The final diagnosis of ACS
was based on two out of three criteria as given below

1. Ischemic chest pain for at least 30 minutes.

2. Electrocardiogram evidence of ACS.

Patients were excluded if they are known or diagnosed
to be having ischemic heart disease, chronic renal failure,
and liver disorders. In the control group, healthy ambula-
tory volunteer was included in the study who visited the
hospital as well as from Master health check-up after ob-
taining inform consent.

Laboratory data

Venous blood samples were obtained in BD vacutainer
with clot activator at the time of addmission and imme-
diately centrifuged. Serum lipid profile, CK (NAC) and
CK-MB were done by autoanalyzer. Hs-troponin T was
estimated using fully auto chemiluminescenceanalyzer
(Roche Diagnostics — COBAS e411). The remaining serum
sample was aliquoted in 1.8 ml cyro tube and storedat
—-20 °C until the time of microRNA analysis. All the estima-
tions were subjected to stringent quality control.

MicroRNA analysis

Total RNA was isolated from serum using a mini spin co-
lumn kit (Helini biomolecules, India) according to the ma-
nufacturer’s instruction. From that cDNA was synthesized
using cDNA synthesis kit (Helini biomolecules, India), as
per documented specification. Quantification by RT-PCR
was carried out in 25 pl using Helini Pin the Tail Probe
System method, according to the protocol of the manu-
facturer (Helini, Biomolecules P. Ltd, India).

Statistical analysis

Statistical analyses were performed using Epi info. Data
were entered in the excel sheet and in order to find
whether it follows abnormal distribution or not Shapi-
ro-Wilk test was performed. The data were expressed in
mean and standard deviation. Student’s t-test was per-
formed to document the difference between case and
control. To evaluate the diagnostic performance of miR
and other biomarkers receiver operator characteristic
curve (ROQ), likelihood ratio (LR), positive predictive va-
lue (PPV), negative predictive value (NPV) and Lin’s con-
cordance were calculated.

Results

Based on inclusion and exclusion criteria, 60 AMI patients
and an equal number of healthy volunteers were inclu-
ded in the study. The biochemical profiles are expressed
in mean and standard deviation (Table 1). It showed a sig-
nificant difference between case and control except high
density lipoprotein and low density lipoprotein.
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Fig. 1 - Expression of miR-499 in control and AMI patients

MiR-499 showed 6-8 folds increase in AMI patients
when compared with healthy individuals (Fig. 1). To com-
prehend the diagnostic utility of miRs and other conven-
tional markers, receiver operating characteristic curves
(ROC) were plotted. MiR-499 with an area under curve
(AUQ) of 0.974 (95% Cl 0.94-0.99); whereas hs-cnTnT
AUC of 0.924 (95% Cl 0.88-0.97) and CK-MB AUC of
0.893 (95% Cl 0.84-0.94) as depicted in Table 2 and Fig. 2.

The sensitivity and specificity of miR-499 and other
biomarkers were calculated. MiR-499 showed 93.33%

Fig. 2 - ROC of serum MiR-499, cnTnT, and CK-MB in diagnosis of
acute myocardial infarction.

sensitivity and 86.67% specificity; hs-cnTnT has 90% and
81.56% and CK-MB has 86.67% and 71.67% sensitivity
and specificity respectively. MiR-499 possesses high sensi-
tivity and specificity when compared with other biomar-
kers. These biomarkers are analyzed for combined sen-
sitivity, they showed an increase in sensitivity, but their
specificity was decreased. We computed likelihood ratio
(LR), positive predictive value and negative predictive va-
lue for both individual and combined biomarkers results
are tabulated in Table 3. As the result suggest as miR-499

Table 1 - Mean and SD of biochemical parameters in AMI cases and controls

Controls
S.No.  Parameter (N = 60)
Mean
1. Glucose (mg/dL) 100.61
2. Total cholesterol (mg/dL) 155.48
3. Triacylglycerol (mg/dL) 100.48
4. HDL-C (mg/dL) 41.91
5. LDL-C (mg/dL) 104.72
6. VLDL (mg/dL) 20.10
7. CK-NAC 266.34
8. CK-MB 19.95
9. Cardiac troponin T (ng/l) 3.25

AMI subjects

(N = 60) p-value

SD Mean SD

14.16 219.79 118.22 0.001
24.68 182.47 55.33 0.002
27.04 144.32 58.86 0.001
6.92 41.00 13.56 0.651
24.72 112.94 52.60 0.089
5.41 28.85 11.80 0.001
61.73 912.64 950.79 0.001
4.59 77.09 35.90 0.001
1.5 47.58 20.83 0.001

* p-value < 0.05 is significant

Table 2 - AUC of serum miR-499, CnTn T, and CK-MB

Test Result Variable(s) Area Sig 95% confidence interval

Lower bound Upper bound
MiRNA-499 0.974 0.000 0.949 0.999
hs-cnTnT 0.924 0.000 0.877 0.970
CK-MB 0.893 0.000 0.847 0.939
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Fig. 3 - (A) Correlation of miR-499 expression with CK-MB.

individually has an LR of 7.00 but when it combined with
other biomarkers, there was a decrease in LR.

In addition to above finding, we tried to correlate
and find the concordance miR-499 with current cardiac
markers. It showed a positive correlation with a marker
(Fig. 3A and 3B). The results suggest that miR-499 can be
used as a one of the diagnostic marker possessing a high
diagnostic value.

Discussion

The main objective of the study was to find the diagnostic
utility of circulating miR-499 in comparison with existing
biomarkers such as CK-MB and hs-troponin T. We have
quantified of miR-499 using RT-PCR and thereby looking
into the results we found nearly 6-8 fold increase in the
concentration of miR in AMI patients in comparison with
healthy controls. In one of the earlier studies undertaken
by Olivieri et al., it was demonstrated that there is an 80
fold increase of miR-499-5p a family member of miR-499
in elderly patients with NSTEMI."® Our finding correlates
with a study by Li et al. which reports that miR-499 can be
detected in the plasma with one hour of onset of chest
pain in AMI patients."”” MiR-499 also showed the positive
predictive value of 93% in AMI patients within three
hours of onset of chest pain.'® Several other studies which
were published recently have documented statistically
significant difference of miR-499 in AMI patients relative
compared with controls.'*?!

To assess the diagnostic performance of miR-499, the
area under curve (AUC) was plotted that correlated the

Fig. 3 - (B) Correlation of miR-499 expression with cnTnT.

diagnostic value with other conventional marker name-
ly CK-MB and ¢cnTnT in AMI. Our results showed AUC of
0.928 for miR 499, which was higher when compared with
currently used biomarkers of CK-MB and cnTnT showed
AUC of 0.893 and 0.794, respectively. Zhang et al. in their
study showed AUC of 0.89 with sensitivity and specificity
of 80.28%.2" Shalaby et al. demonstrated the differential
diagnostic value of miR-499 by recoding AUC of 0.98 and
0.97 in unstable angina and NSTEMI respectively.?? Cheng
et al. in a meta-analysis report also corroborate our re-
sult by reporting the sensitivity of 88% and specificity
of 87%.2 According to our study, miR-499 had a higher
sensitivity of 94% and specificity of 89% when compared
with previous studies.

Our result showed a positive correlation with traditio-
nal biomarkers (CK-MB and ¢nTnT). Similarly in the past
miR-499 was shown to possess positive correlation with
traditional marker and has been substantiated by cardiac
expression and release from cardiac injury.?* We also tried
to correlate with most common risk factors of AMI, name-
ly lipid profile, but we couldn’t find any significant cor-
relation between them. In previous studies implicate the
role of miR expression in the regulation of lipid transport
and metabolism.?> Additionally, Vicker et al. demonstra-
ted high density lipoprotein isolated from patients with
family hypercholesterolemia to be enriched in other miR
thereby suggesting lipid and protein as carrier molecular
for miRNAs.?

Several studies have also cited the release of miR-499
into the circulation during pathophysiological conditi-
ons and nearly specific expression in myocytes. However,
miR-499 is more stable, sensitive and specific for cardiac

Table 3 - Sensitivity and specificity of microRNA-499, cnTnT and CK-MB

Test Result Variable(s) Sensitivity (%)
MicroRNA-499 93133
hs-cnTnT 90.00
CK-MB 86.67
MicroRNA-499 + Hs-cnT T 95.00
hs-cnTnT + CK-MB 90.00
CK-MB + microRNA-499 93.33
CK-MB + microRNA-499 + hs-cnTnT 95.00

Specificity (%) LR PPV (%) NPV (%)
86.67 7.00 87.50 92.86
81.56 4.91 83.08 89.09
71.67 3.06 75.36 84.31
81.67 5.18 83.58 92.45
71.67 3.17 76.05 87.75
71.67 3.29 76.71 91.48
71.67 3.35 76.71 91.48
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injury, thus enhancing the diagnostic utility of miR-499
in AMI in comparison to the use of existing conventional
novel biomarkers. This is a major finding that has emer-
ged from our study and that has been attributed to both
enhanced sensitivity and specificity.

Conclusion

Biological variation data of AMI patients showed expres-
sion of miR-499 was significantly higher than for a healthy
individual. Moreover, it also exhibits positive correction
with existing cardiac markers. The study concluded early
detection of miR-499 in circulation will improve sensitivi-
ty and specificity for the appropriate clinical diagnosis of
AMI patients along with conventional markers. The study
concluded early detection of miR-499 in circulation will
improve sensitivity and specificity for the appropriate cli-
nical diagnosis of AMI patients along with conventional
markers.

Limitation of the study

e Single miR was selected.

e  Serial analysis of miR and biomarker were not inclu-
ded in the study.

e Unstable angina group of patients was not included
in the study.
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Uvod: Sekundarni kardiovaskularni (KV) prevence po prodélaném infarktu myokardu (IM) je neméné diile-
Zitd nez lécba akutniho IM. Lepsi KV prevence muize rozhodujici mérou pfispét k pokracovani pozitivnich
trend(i KV morbidity a mortality v Ceské republice v poslednich tfech desetiletich.
Cil: Stanovit, jak jsou do praxe implementovédna nedavna evropska doporuceni pro sekundérni prevenci
ischemické choroby srde¢ni (ICHS) (2012).
Metodika: Konsekutivné a retrospektivné bylo vybrano 624 pacientd, muzd a Zen ve véku < 80 let, hospita-
lizovanych pro akutni koronarni syndrom a/nebo chirurgickou ¢i katetrizacni korondrni revaskularizaci. Byl
proveden rozbor chorobopisd a nasledné byli ambulantné vysetieni respondenti, minimalné Sest mésica,
maximalné dva roky po pfijeti k hospitalizaci.
Vysledky: Celkem bylo vySetieno 406 respondentl. Z nich 20 % byli aktivni kuraci, 44,8 % bylo obéznich
(BMI > 30), v pdsmu nadvahy a obezity (BMI > 25) bylo 85,5 % respondentd, centralné obéznich (obvod pasu
> 102 ¢cm u muzd, > 88 cm u zen) 70,2 %, doporucované fyzické aktivity (30 minut 5x tydné) nedosahlo 85
%. Krevni tlak zvyseny nad hodnoty pozadované v doporucenich kardiovaskuldrni prevence z roku 2012
(> 140/90 mm Hg, u diabetikd > 140/80 mm Hg) mélo 55,1 % pacientd, zvyseny LDL-cholesterol (> 1,8 mmol/l)
63,5 % pacientl. Diabetes (znamy a nové diagnostikovany) vykazovalo 41,2 % respondentd, prediabetes
23,4 %. Pii pouziti glukézového toleran¢niho testu to bylo 44,7 %, respektive 32,3 %. V dobé naseho vy-
Setfeni bylo 88,4 % pacientu léceno antiagregancii, 81,3 % beta-blokatorem, 78,8 % inhibitory angiotenzin
konvertujiciho enzymu (ACEI) nebo antagonistou receptoru ATII, 92,1 % statinem, 92,9 % prodélalo koro-
narni revaskularizaci.
Zavér: Vétsina pacientl v sekunddrni prevenci ICHS ma nezdravy Zivotni styl - nezdravou dietu a nedo-
stateCnou pohybovou aktivitu. Prevalence nadvahy, obezity a diabetu je velmi vysoka, prevalence obezity
a centralni obezity se déle zvysila. Farmakoterapie je v sekundérni prevenci pouzivana u vétsiny pacientd, ale
doporucenych hodnot krevniho tlaku, lipidového a glycidového metabolismu je dosahovéno jen u mensiny.
© 2019, CKS.

ABSTRACT

Introduction: Secondary prevention after myocardial infarction is at least as important as treatment of the
acute phase. Improved cardiovascular (CV) prevention can decisively contribute to the continuation of posi-
tive trends of CV morbidity and mortality seen in the Czech Republic in last three decades.

Objectives: To determine, in patients with coronary heart disease (CHD), how the treatment goals as defined
by the current European guidelines on CV secondary prevention (2012) are implemented in clinical practice.
Methods: Patients < 80 years when hospitalized for acute coronary syndrome, and/or CABG or PCl were iden-
tified from hospital records and invited to outpatient clinical investigation (interview) not less than 6 months
and not more than 2 years after hospital discharge. Data collection was performed based on a review of
medical records and the interview.
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Results: Of 624 invited patients, 406 responders were interviewed. Among these, 20% were smokers, 44.8%
were obese (BMI > 30), 85.5% were overweight or obese (BMI > 25), 70.2% had central obesity (waist cir-
cumference > 102 cm in men, > 88 cm in women), the recommended level of physical activity (30 minutes 5
times a week) was not attained by 85%. Raised blood pressure (> 140/90 mmHg, in diabetics > 140/80 mmHg)
was measured in 55.1%, elevated LDL-cholesterol (> 1.8 mmol/L) in 63.5% of responders. Manifest diabetes
mellitus (known plus newly discovered at interview) was present in 41.2%, and prediabetes in 23.4% of pa-
tients. The respective figures when using the oral glucose tolerance test (OGTT) were 44.7% and 32.3%. At
interview, 88.4% of patients were being treated with aspirin or other antiplatelet drugs, 81.3% with beta-

Keywords:

Cardiovascular risk factors
Coronary heart disease
EUROASPIRE-V
Guidelines

Secondary prevention

-blockers, 78.8% with ACE inhibitors or angiotensin receptor blockers (ARBs), 92.1% with statins, and 92.9%
had undergone revascularization.

Conclusion: The majority of coronary patients have unhealthy lifestyles such as unhealthy diet and sedentary
behavior. The prevalence of overweight, obesity, and diabetes is very high, and prevalence of obesity further
increased. Although pharmacotherapy is used in the majority of patients, the recommended levels of blood
pressure, lipid, and glucose metabolism are achieved in only a minority.

Introduction

Coronary heart disease (CHD) continues to be the lead-
ing cause of death in the Czech Republic and Europe
alike. CHD mortality has been decreasing rapidly in the
Czech Republic since 1990, but this decrease stopped in
both sexes in 2010 and continued in women in 2014-2016
only." Preventive lifestyle modifications (control of smok-
ing, healthy diet, physical activity) together with effective
control of hypertension, hyperlipidemia, and diabetes as
well as other cardioprotective pharmacotherapy (antipla-
telet agents, beta-blockers, angiotensin-converting en-
zyme [ACE] inhibitors and angiotensin receptor blockers
[ARBs], lipid-lowering drugs), delay the first presentation
of CHD as well as recurrent coronary events, thus signifi-
cantly reducing CHD morbidity and mortality rates.?

Preventive management of patients with overt CHD
was defined in detail by the European guidelines on car-
diovascular disease prevention in clinical practice. The
guidelines were first published in 1994, the fifth ones,
including the treatment goals of the EUROASPIRE V stu-
dy, in 2012.2 Several Czech-language guidelines on the
same issue have also been developed.

In order to assess “real-life” secondary prevention
of CHD, implementation of and adherence to the gui-
delines, five cross-sectional EUROASPIRE (European
Action on Secondary and Primary Prevention by Inter-
vention to Reduce Events) surveys were performed: in
1995-1996, 1999-2000, 2006-2007, 2012-2013 and, finally,
EUROASPIRE V covering the 2016-2017 period
(EUROASPIRE [-V). Of the originally nine countries invol-
ved in the survey, the number of participating countries
has grown to 27 with 131 centers in the present study.
The Czech Republic, with its two study centers (Prague
and Pilsen), has participated in all five surveys; results of
the first four surveys were published showing both Euro-
pean and, separately, Czech data.*”’

Study population and methods

Survey design and patients

In the Czech Republic, this cross-sectional survey was
conducted within the EUROASPIRE V study in two cen-
ters, namely in the Center for Cardiovascular Prevention,

Charles University in Prague, First Faculty of Medicine and
Thomayer Hospital, Prague, and at the 2nd Department
of Medicine, Faculty of Medicine, Charles University and
University Hospital in Pilsen. Both centers were participat-
ing in the previous surveys and are attached to hospitals
providing all types of care to cardiac patients while cater-
ing to catchment areas with a population of at least half
a million.

Using hospital discharge we identified, both retro-
spectively and consecutively, patients, men and women,
aged > 18 years and < 80 years at the time of hospitaliza-
tion for at least one of the following diagnoses: (1) electi-
ve or emergency coronary artery bypass surgery (CABG);
(2) elective or emergency percutaneous coronary angio-
plasty; (3) acute myocardial infarction (STEMI or non-STE-
MI); and (4) acute myocardial ischemia. Eligible for inclusi-
on were patients (first or re-)hospitalized not less than 6
months and not more than 2 years prior to the expected
date of the study interview. Overall, 624 patients were
selected and invited to attend a study visit. The interviews
were held from September 2016 through June 2017.

Data collection

The survey was performed in compliance with the
EUROASPIRE V study protocol, copying previous
EUROASPIRE study protocols, described in detail elsewhe-
re.*” At interview, each respondent’s history was taken
including their personal and demographic characteristics,
personal and family history of cardiovascular disease,
data on adherence to principles of a healthy lifestyle,
and pharmacotherapy. Standardized measurements were
made as per protocol using calibrated devices, with blood
sampling and patients completing the self-reported ques-
tionnaires in the respective validated national form. The
following measurements were performed:

Height and weight in light-indoor clothes without sho-
es (SECA scales 701 and measuring stick model 220, SECA
GmbH, Hamburg, Germany). Overweight was defined as
a body mass index (BMI > 25 to < 30 kg/m?, obesity as BMI
> 30 kg/m?).

Waist circumference was measured using a metal tape
between the lowest rim of the rib cage and the superior
iliac crest with the patient standing. Central obesity was
defined as a waist circumference of > 88 cm for women
and > 102 ¢cm for men.
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Blood pressure (BP) was measured by a physician twice
after at least 10-minute rest in the sitting position on the
right arm using an automatic digital sphygmomanometer
Omron M6 (Omron, Healthcare Co Ltd, Hoofddorp, The
Netherlands) with the mean value used for all analyses.
Raised BP was defined as blood pressure > 140/90 mmHg
(> 140/80 mmHg in patients with diabetes mellitus).

Smoking at the time of interview was defined as self-
-reported smoking, and/or a breath carbon monoxide
levels exceeding 10 ppm, measured by a Smokerlyzer
(Model Micro + Bedfont Scientific, Upchurch, United King-
dom). Persistent smoking was defined as smoking at in-
terview among patients reporting to be smokers in the
month prior to the index event.

The physical activity target was defined by the answer
to the question "Do you take regular physical activity
of at least 30 minutes” duration on average five times
a week?”

Venous blood samples were obtained by venipuncture
after at least 12-hour fasting. The serum separated from
venous blood samples was analyzed in local laboratories
(Thomayer Hospital, Prague 4 and Pilsen University Hos-
pital) and also stored at —70 °C to be subsequently ship-
ped (frozen) to the central laboratory at the Disease Risk
Unit, National Institute for Health and Welfare, Helsinki,
Finland. Serum total cholesterol (TC) was determined en-
zymatically, HDL-cholesterol (HDL) and triglycerides (TG)
using kits manufactured by Abbott Laboratories (Archi-
tect ¢8000, Abbott Park, lllinois, USA), LDL-cholesterol
(LDL-C) levels were calculated using Friedewald’s formula
if the triglyceride level was < 4.5 mmol/L.® Elevated LDL-C
concentration was defined as > 1.8 mmol/L. Glycated hae-
moglobin (HbA, ) was measured in whole blood. Plasma
glucose was analysed locally with a photometric point-of-
-care technique (HemoCue Glucose 201 RT, Angelholm,
Sweden).’

Our definition of known diabetes was self-reported
diabetes. In patients without a history of diabetes and
with fasting glucose < 11 mmol/L, we performed the
2-hour oral glucose tolerance test (OGTT). Fasting glucose
> 7.0 mmol/L or 2-h OGTT glucose > 11 mmol/L were defi-
ned as new-onset diabetes. Fasting glucose > 6.1 and <7
mmol/L and 2-h OGTT > 7.8 and < 11 mmol/L were classi-
fied as prediabetes.

Standardized questionnaires, specifically HADS (Hos-
pital Anxiety Depression Scale), were completed by each
patient to objectify depression or anxiety. The questi-
onnaires have been validated internationally,' and their
validated Czech-language versions were used for the pur-
pose of our study.

Data management and statistical analysis

Data excerpted from the medical records of patients and
those obtained during interview were entered into Case
Report Forms (CRFs); the forms are available to Czech cen-
ters both in printed and electronic format. Electronic CRFs
were submitted online to the data management center
(EURObservational Research Program, European Heart
House, Sophia Antipolis, France) and checked for com-
pleteness, consistency, and accuracy to be subsequently
processed. Descriptive statistics were used to estimate the
prevalence of risk factors and medication use at interview.

Continuous variables are reported as mean = SD and cate-
gorical variables as relative frequencies (percentage). Our
limits for categorization of continuously monitored risk
factors were identical to the target values of secondary
prevention as per the respective guidelines from 2012.3

Results

After reviewing hospitalization medical records, a total of
624 patients were invited to the interview. The interview
was attended by, and the required data were obtained
from 406 responders. After subtracting those invited who
either had died, been unable to attend the interview due
to seriously impaired health or had moved away (ineligi-
ble, 76 patients), the response rate was 74.1%. Mean time
between the index event (i.e., acute coronary event and/
or revascularization) and the interview was 1.14 years.
Basic demographic data and the mean numbers of major
risk factors in our group are shown in Table 1. Mean age
at the time of interview was 66.2 years (SD 8.9); the group
was made up predominantly by men (75%). We found
markedly increased mean values of BMI, waist circumfe-
rence, and fasting glycaemia. However, mean systolic and
diastolic BP, total and LDL-cholesterol and triglycerides
were not markedly raised.

Table 2 gives the percentages of responders failing to
meet the goal values of clinical and laboratory parameters
defined by the 2012 guidelines for secondary prevention.

An increased body mass index (BMI > 25 kg/m?) was
found in 85.5% of the patients, 44.8% were found to be
obese (BMI > 30 kg/m?). Abdominal obesity (waist circum-
ference > 102 cm in males and > 88 cm in females) was
documented in 70.2% of the responders. Prevalence of
smoking at the time of interview was 20%; of the original
smokers, 47.8% continued to smoke after the event. A BP
level in excess of the value recommended by the 2012 gui-
delines (BP < 140/90 or < 140/80 mmHg in patients with
diabetes) was found in 55.1% of the group. Among pati-
ents on antihypertensive therapy, only 38.6 achieved the
BP levels recommended in the 2012 guidelines. Regard-
ing lipid metabolism parameters, target LDL cholesterol

Table 1 - Basic characteristics of the group of respondents, risk

profile at the time of interview

N 406

Age (years) 66.2 (8.9)
Sex (% of females) 25.0

Body mass index (kg/m?) 29.8 (5.0)
Waist circumference (cm) 106.1 (13.5)
Systolic blood pressure (mmHg) 135.0 (18.1)
Diastolic blood pressure (mmHg) 83.5(10.8)
Heart rate (b.p.m.) 69.0 (10.4)
Total cholesterol (mmol/L) 4.17 (1.16)
HDL-cholesterol (mmol/L) 1.19 (0.28)
LDL-cholesterol (mmol/L) 2.22 (0.95)
Triglycerides (mmol/L) 1.7 (1.23)
Fasting glycemia (mmol/L) 6.54 (3.71)
HbA, (mmol/mol) 47.3 (20.8)
Coronary revascularization? 93.8

2 Anamnestic or as inclusion criterion.
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Table 2 - Basic risk factors categorized by 2012 guidelines® (%)

Body measures

Overweight or obesity (BMI > 25 kg/m?) 85.5
Obesity (BMI > 30 kg/m?) 44.8
Increased waist circumference? 70.2
Smoking

Current smokers 20.0
Continued smoking after index event® 47.8m
Hypertension

Blood pressure > 140/90 or > 140/80 mmHg in diabetics ~ 55.1
Blood pressure > 160/100 mmHg 13.1
Blood pressure > 180/110 mmHg 1.0
Inadequate blood pressure control, 2012 guidelines 61.1m
Lipids

Total cholesterol > 5 mmol/L 16.9
Total cholesterol > 4.5 mmol/L 30.3
LDL cholesterol > 2.5 mmol/L 28.1
LDL cholesterol > 1.8 mmol/L 63.5
Inadequate control of hypercholesterolemia, 61.4m
2012 guidelines?

Triglycerides > 1.7 mmol/L 36.9
Low HDL® 32.8
Glucose metabolism

Overt diabetes’ 41.2
Overt diabetes by OGTT? 44.7
Inadequate control of diabetes" 89.0
Inadequate control of diabetes' 51.0
Impaired glucose tolerance (OGTT)’ 22.9
Impaired fasting glycemia (OGTT)k 9.4
Normoglycemia by OGTT 23.0

2 Waist circumference > 102 cm in males or > 88 cm in females.
bProportion of current smokers related to the number of smokers
at the time of index event.

¢BP > 140/90 or > 140/80 mmHg in diabetics, related to the number
of patients treated with antihypertensives.

4LDL cholesterol > 1.8 mmol/L, related to the number of patients
treated with lipid lowering drugs.

€< 1.0 mmol/L in males or < 1.2 mmol/L in females.

fSelf reported diabetes or fasting glycemia > 7 mmol/L.

9Self reported diabetes or fasting glycemia > 7 mmol/L or 2h OGTT
glycemia 7.8-11 mmol/L.

"Fasting glycemia > 6.1 mmol/L, related to the number of patients
with self reported diabetes.

"HbA, =53 mmol/mol, related to the number of patients with self
reported diabetes.

i12h OGTT glycemia 7.8-11 mmol/L, but absence of overt diabetes
(see above).

kFasting glycemia > 5.6 mmol/L, but absence of overt diabetes or
impaired glucose tolerance.

™ Not related to total number of respondents.

levels in this high-risk population, as per the 2012 guide-
lines (< 1.8 mmol/L) were achieved by 36.5% of patients.
Among patients treated with lipid-lowering drugs, 38.6%
met the recommended targets. Hypertriglyceridemia was
diagnosed in 36.9%, and low HDL levels in 32.8% of pa-
tients. The prevalence of previously diagnosed and new-
-onset diabetes was 41.2%, with another 23.4% of pa-
tients diagnosed with prediabetes. After inclusion of the
2-h OGTT values, overt diabetes was diagnosed in 44.7%,
impaired glucose tolerance in 22.9%, and increased fast-

Table 3 - Cardiovascular pharmacotherapy used at the time of
interview (%)

Antiplatelets or anticoagulants 97.8
Acetylsalicylic acid 88.4
Dual antiplatelet therapy 41.9
Anticoagulants 13.8
All antihypertensives 95.3
Antihypertensives for high blood pressure 70.3
Betablockers 81.3
ACE inhibitors or angiotensin receptor blockers 78.8
All diuretics 35.7
Furosemide and/or spironolactone 18.7
All lipid lowering agents 92.9
Statins 92.1
Fibrates 2.2
Ezetimibe or PCSK9 inhibitor 2.0
All antidiabetic agents 28.8
Oral antidiabetics 243
Insulin 7.9
In diabetics: peroral antidiabetics 80.0
insulin 25.4
Anti-anginal agents 11.8
Nitrates 6.2

ing glycemia in 9.4%, whereas only 23% patients were
normoglycemic.

Table 3 shows the percentage of patients on pharma-
cotherapy recommended in secondary prevention to con-
trol individual risk factors or for symptomatic therapy. An-
tiplatelet or anticoagulation therapy was used by 97.8%
of patients while 88.6% of responders used acetylsalicylic
acid, 41.9% were on dual antiplatelet therapy, and 13.8%
used anticoagulants. Medications used as antihypertensi-
ves and, also, as cardioprotective agents were prescribed
to 95.3% of patients. In terms of the drug classes used,
beta-blockers were taken by 81.3%, ACE inhibitors and
ARBs by 78.8%, with diuretics used by 35.7% of patients;
lipid-lowering agents by 92.9%, statins by 92,1%, fibrates
by 2.2% and ezetimibe or a PCSK-9 inhibitor in 2% of pa-
tients. Altogether, oral antidiabetics and/or insulin were
used by 28.8% of patients (oral antidiabetics, 24.3%; in-
sulin, 7.9%). Antianginal agents were used in only 11.8%
of patients. A total of 95.3% of the patients reported
being on regular follow-up by a cardiologist, 89% by an
internist or a general practitioner, with 25.4% of patients
also being treated by a diabetes specialist.

Table 4 shows adherence to a healthy lifestyle. Regular
physical activity was reported by 15% only. An increase
of previous physical activity after the index event, mainly
by an increase in routine daily physical activity, was decla-
red by less than half of the patients. A total of 50-68%
of patients declared their adherence to various dietary
recommendations of cardiovascular prevention, the most
frequent one being increased fruit and vegetable intake.
Among obese patients, little more than one third of pa-
tients adhered to dietary recommendations and regular
physical activity (obviously exaggerated). Half of patients
continued smoking after the index event, only a neg-
ligent fraction of them got advice from a smoking ces-
sation center or pharmacological support in the form of
nicotine replacement therapy, bupoprion or varenicline.
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Table 4 - Self reported non-pharmacological secondary

preventive measures and lifestyle changes initiated after the
index event (%)

Physical activity

Regular physical activity? 15.0
Measures adopted to increase physical activity:

- as recommended by the rehabilit. professional 8.4
- visits a fitness center 3.0
- has increased routine daily physical activity 36.5
Diet

Lower fat diet 57.6
Change in fat composition 54.2
Reduced salt 60.6
Lower sugar diet 62.6
Reduced caloric intake 54.9
Increased consumption of fish 50.0
Increased fruit and vegetables intake 67.7

Measures adopted to brake smoking habit®

Quit smoking after index event 54.7
Reduce smoking frequency after index event 33.1
Nicotin replacement therapy 6.2
Visited a smoking cessation center 0.6
Used varenicline or bupoprion 25

Measures adopted to reduce body weight¢

Adheres to specific dietary recommendations 37
Has regular physical activity 34.7
Used antiobesity drugs 1.5

2 Regular physical activity of at least 30 minutes duration on
average 5 times a week.

b Related to the number of current smokers in the month prior to
the index event.

‘Related to the number of obese patients at the time of interview.

Table 5 - Psychosocial factors and their management
at the time of interview (%)

Possible or probable depression? 21.4
Possible or probable anxiety? 19.5
Antidepressants 6.7
Anxiolytics 3.2

2 According to HADS (see Methods section) categorized as a HADS
score within the respective dimension > 8.

The presence of depression and anxiety was assessed
using the standard HADS tool (Table 5). A possible or pro-
bable depressive disorder (HADS score > 8) was diagnosed
in 21.4% of patients, and increased anxiety (HADS score >
8) in 19.5%. Antidepressants and anxiolytics were used in
a minority of these patients.

Discussion

Slightly more than half of smokers in our study quit smok-
ing, and the prevalence of smoking (20%) among our
responders is lower compared with the general Czech
population;''? and nearly the same as the European
average (18.7%). Those of our patients who quit smok-

ing did so more or less spontaneously, aware as they
were about the harmfulness of smoking. Patients who
continue smoking do so mostly due to heavy addiction.
A total of 44% of these patients claim they would like
to break the habit. Professional help, which is crucial to
these patients, is lacking. In none of the hospitalization
discharge reports of patients later investigated in our stu-
dy did we find any referral to a smoking cessation center
or any prescription of supportive medication. In the fur-
ther course, of all those who continued smoking only one
patient attended a smoking cessation center, 6.2% used
smoking replacement therapy and only 2.5% bupropion
or varenicline. Obviously, such a nihilistic approach to this
high-risk population deserves a change: patients should
be referred to smoking cessation centers, preferably at
hospital discharge, and better reimbursement of suppor-
tive therapy is needed. Some hope can also be pinned on
the recent stricter smoking control legislation.

The prevalence of overweight, obesity, and, abdomi-
nal obesity in particular, is very high. Compared to the
previous EA studies, there has been a shift from over-
weight to more deleterious obesity and an increase in the
prevalence of abdominal obesity. Our population sample
is the 4th most obese and centrally obese in this Europe-
an study. Obesity was associated with poorer blood pres-
sure control, higher prevalence of diabetes and poorer
glycemic control. A little more than one in three obese
individuals declare adherence to diet and physical activi-
ty. The reality might be even less convincing and in agre-
ement with the generally low physical activity as a major
causative factor of obesity in our patients as well as in
the general population. Obesity should be addressed as
a priority on the whole population scale.

A most alarming finding in our study is the continuing
high prevalence of diabetes. By including the OGTT into
the evaluation scheme, overt diabetes was found in
44.7%, a figure considerably higher than in the Europe-
an sample (28.6%). Similarly higher than in the European
sample was the prevalence of impaired glucose tolerance
(22.9%) and lower prevalence of normal glucose meta-
bolism (23%). According to our as well as other analyses,
impaired glucose metabolism (prediabetes) in CHD pa-
tients carries the same cardiovascular mortality risk such
as manifest diabetes.'>'* A positive finding is the increase
in the spectrum of antidiabetics, their increasing prescrip-
tion, and further improved long-term control of diabetes
(HbA, < 53 mmol/mol) in the present study.

Control of arterial hypertension is also far from being
satisfactory. Despite extensive, and due to insufficiently
intensive use of antihypertensive medication, control of
hypertension was achieved in only 38.9% of those trea-
ted for hypertension. Several agents with antihyperten-
sive properties, e.g. beta-blockers or ACE inhibitors, are
administered to non-hypertensive patients as well and
prescription seems to be generally focused on cardiopro-
tection rather than on targeted BP control. The increase
in obesity and in the mean age of our patients may be
aggravating factors. Blood pressure levels were measured
during the interview after at least a 10-minute rest in the
sitting position. The mean of the first two measurements
used in the vast majority of our patients may overestimate
BP levels compared to the mean of the second and third
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measurements, the true prevalence of poor BP control so
might be lower than reported here. Also positive is the
very low prevalence of very high, uncontrolled hyperten-
sion (BP > 180/110 mmHg): 1%.

There has been considerable fluctuation in the recom-
mended BP levels in recent guidelines, those from 2007
with target BP < 130/80 mmHg to the 2012 guidelines
with target BP < 140/90, (< 140/80 mmHg for those with
diabetes).? Based on data from the SPRINT study,' despi-
te methodological objections concerning the technique
of BP measurement used in the study, the lower target
values may be at play again. Such fluctuation may lead to
uncertainty about the recommended BP levels.

The most remarkable progress throughout the
EUROASPIRE studies has been achieved in the control
of hypercholesterolemia.®’” Mean levels of total and LDL
cholesterol further decreased in the present study. The
decrease in cholesterol levels was a major factor behind
the decrease in the CHD mortality in the Czech Republic.'®
Most patients were treated with lipid-lowering drugs,
predominantly with statins, while ezetimibe and fibrates
were used only occasionally. However, intensive statin
treatment (atorvastatin 80 mg or rosuvastatin 40 mg/day)
with proven higher protection against fatal and non-fa-
tal CV events' was used in 23% (in 2012 in 2.4% only).
Every new edition of guidelines recommended lower
LDL cholesterol levels in the CHD population, the recent
ones (<1.8 mmol/L) were achieved only in 36.5%, in those
treated by lipid-lowering agents in 38.6%. Despite progre-
ss, higher dose statin therapy and combination therapy are
needed. Impressive progress in hypercholesterolemia con-
trol in CHD secondary prevention is expected from PCSK9
inhibitors, though now hindered by costs of such therapy.

The risk factors adversely affecting the quality of life
as well as prognosis of CHD patients include depression
and anxiety. Possible or probable depressive or anxiety
disorders were found in about one in five of our patients.
Although adequate therapy has been shown to improve
quality of life and improve compliance with other thera-
py,'®?° only a minority was treated with antidepressants
or anxiolytics. However, compared with previous studies,
the proportion of treated individuals has increased.

In cardiovascular rehabilitation after a coronary event
or revascularization, spa treatment is nearly exclusively
confined to patients after cardiac surgery revasculariza-
tion procedures. Outpatient cardiovascular rehabilita-
tion, the duration of which is mostly time limited (+ 12
weeks) was attended by 24.3% of our sample.

The study has several limitations. First, it includes only
stabilized patients. The most severely sick possibly died
during the period between hospitalization and interview
or could not attend the interview. Our study documents
the situation in two Czech regions — catchment areas of
Pilsen University Hospital and IKEM (Prague 4). The re-
sponders were treated primarily in two centers offering
highly specialized care and providing above-the-standard
management to cardiac outpatients. This makes patient
selection possible. However, the inter-regional diffe-
rences may gradually become smaller.?' Caution is to be
exercised when reviewing self-reported data on physical
activity, diet, and other lifestyle factors, as some degree
of overestimation should be suspected.

A major advantage is the possibility, afforded by the
standardized EUROASPIRE protocol, to compare data ob-
tained over time in the Czech EUROASPIRE |-V studies as
well as with data from other European countries.

Conclusions

The standard of comprehensive secondary prevention in
patients with overt CHD, receiving, in the acute stage,
high-quality and costly care, continues to be unsatisfac-
tory. Continued pharmacological secondary prevention
fails to achieve target values, particularly because of ina-
dequately low medication doses prescribed. Likewise, pa-
tients are not sufficiently encouraged to change and adopt
a healthy lifestyle as well as join training programs of car-
diovascular rehabilitation, healthy diet, and smoking cessa-
tion. Specific care is required by patients with diabetes and
impaired glucose metabolism who constitute the majority
of our sample. Control of hypertension is to be improved
and lipid-lowering therapy further intensified.
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Bifurkacni |éze tvofi 15-20 % vsech intervenovanych koronarnich |ézi a jejich oSetfovani je i pfes vyrazny po-
krok v intervencni kardiologii i nadale spojeno s technickymi obtizemi a horsi klinickou efektivitou. Zaklad-
nim doporucovanym postupem pro oSetiovani bifurkacnich lézi je ,provisional stenting”. Jako alternativni
postup Ize zvazit nékterou z dvoustentovych technik. V nasem registru jsme se rozhodli posoudit bezpec-
nost, technickou a klinickou Uspésnost pfi pouziti dedikovaného bifurkacniho stentu Tryton Side Branch.
Do registru bylo zafazeno 201 pacientt neselektované populace osetienych v obdobi mezi ¢ervnem 2012
a dubnem 2016 v Kardiovaskularnim centru Krajské nemocnice Liberec, u kterych bylo zvazovano uziti bi-
furkacniho stentu Tryton. Uspéinost osetieni bifurkaénich 1ézi pfi uziti stentu Tryton byla 85,07 %. Pacienty
jsme poté sledovali v obdobi Sesti mésicti od osetieni. K infarktu myokardu doslo u tfi pacientd, k revaskula-
rizaci bylo nutno pfistoupit pouze u tfi pacientd, z toho vsak ani jednou nebylo potieba osetfit cilovou tepnu
nebo |ézi. Otazka osetrovani bifurkacnich |ézi zdstava do budoucna stéle oteviena, jako mozna alternativa
se jevi uziti dedikovanych bifurkacnich stentd. Bifurkacni stent Tryton mé vyhodu v ochrané bocni vétve, jejiz
osetreni mlze byt u vétsiny standardnich technik problematické. Stent Tryton Ize dle nasich dat s vyhodou
pouzivat zejména u bifurkacnich l1ézi s velkou bo¢ni vétvi (> 2,5 mm). Data z naseho registru tak svéd¢i pro
vysokou bezpecnost a Uspésnost osetfovani tohoto typu bifurkacnich Iézi pomoci stentu Tryton.

© 2019, CKS.

ABSTRACT

Bifurcation lesions make up 15-20% of all treated coronary lesions. Despite impressive advances in inter-
ventional cardiology, their treatment has been associated with technical challenges and rather poor clinical
efficacy. The main recommended strategy in the treatment of these lesions is “provisional stenting”, with
a double-stent technique to be possibly considered as an alternative. In our registry, we decided to assess
the safety, technical and clinical success rates in the treatment of these lesions using the dedicated Tryton
Side Branch bifurcation stent. The registry included 201 patients of an unselected population considered for
treatment using the Tryton bifurcation stent at the Cardiovascular Center of the Liberec Regional Hospital
from June 2012 through April 2016. The success rate of bifurcation lesions treatment with the Tryton stent
was 85.07%. The patients were subsequently followed up for six months since the procedure. Three patients
experienced a myocardial infarction, with only three patients requiring revascularization, and no need to
treat the culprit artery or lesion in a single case. The question of bifurcation lesion treatment remains open;
an alternative strategy in these patients seems to be the use of dedicated bifurcation stents. The advantage
of the Tryton bifurcation stent is that it protects the side branches, whose treatment may pose a problem
with most standard techniques. Judging by our data, the Tryton stent can be employed with advantage
especially in bifurcation lesions in large side arteries (> 2.5 mm). Overall, data from our registry support the
device's very good safety profile and success rate in the treatment of this type of bifurcation lesions using
the Tryton stent.
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Cil prace

Cilem naseho prospektivniho registru bylo posouzeni
bezpecnosti, technické a klinické uspésnosti pfi pouziti
dedikovaného bifurka¢niho stentu Tryton Side Branch.

Uvod

Bifurkacni léze tvofi 15-20 % vsech intervenovanych ko-
ronarnich ézi" a jejich oSetfovani je i pres vyrazny pokrok
v interven¢ni kardiologii i nadédle spojeno s technickymi
obtizemi a horsi klinickou u¢innosti.>* Zakladnim dopo-
ruc¢ovanym postupem pro osetiovani bifurkacnich 1ézi je
metoda , provisional stenting”,%’ kdy implantujeme stent
primarné do hlavni vétve (main branch) a ke stentovani
vedlejsi vétve (side branch) se pfistupuje pouze pfi pro-
gresi postizeni v jejim odstupu. Nicméné bifurkacni |éze
Ize Fesit celou fadou dal3ich intervencnich technik. Kromé
standardniho postupu byly vyvinuty i specializované tech-
niky, jejichz cilem je udrzet prichodnost vedlejsi vétve,
coz muze byt obtizné zejména pfi jejim vyrazném posti-
Zeni. V takovychto pripadech je nékdy nutné vynucené
planovat odetfeni i vedlejsi vétve stentem. Jako vhodna
se muze jevit napfiklad culotte technika, ta ma vsak své
potencialni nedostatky v podobé dvou vrstev stentl pro-
ximalné od bifurkace, a navic je zde potencialni riziko je-
jich deformace. Tyto nedostatky se snazi resit dedikovany
bifurkacni stent Tryton Side Branch, ktery je vlastné spe-
cifickou modifikaci cullote techniky. Je uréeny zejména
k osetfeni bifurka¢nich lézi charakterizovanych dle Me-
diny® jako 1.1.1, 0.1.1 nebo 1.0.1 a pfi velikosti vedlejsi
vétve > 2,5 mm.

Popis stentu (obr. 1)

Jedna se o balon-expandibilni kobalt-chromovy stent
bez polymeru (bare metal stent). Cely stent je rozdélen
do tfi segmenty, distalni ¢ast ma strukturu standard-
niho stentu a je urcena k osetfeni vedlejsi vétve. Na ni
proximalné navazuje pfechodnd stfedni ¢ast, slozena ze
tfi snadno deformovatelnych elementd, ktera je urcena
k osetfeni ,cariny”. Posledni proximalni ¢ast je urcena
k ukotveni v hlavni vétvi a je charakterizovana velmi
fidkou strukturou k minimalizaci plochy pokryté dvéma

vrstvami stentu. Kazdy tento segment je oznacen rtg
kontrastnimi znackami.

Popis osetreni bifurkacni léze stentem
Tryton Side Branch

Nejprve jsou zavedeny koronarni vodice do hlavni i vedlej-
Si vétve a je provedena predilatace vedlejsi a eventudlné
i hlavni vétve. Poté je provedena implantace stentu Try-
ton tak, aby distdlni segment sméroval do vedlejsi vétve
a prechodna stfedni ¢ast pokryvala oblast cariny. Po pro-
ximalni optimalizaci (postdilataci proximalniho segmen-
tu) se provede vyména korondrniho vodice v hlavni vétvi
a nasledné je do hlavni vétve implantovan Iékovy stent
pokryvajici jak proximalni ¢ast stentu Tryton, tak i distalni
oblast za bifurkaci. Po vyméné koronarniho vodice ve ve-
dlejsi vétvi je finalnim krokem postdilatace bifurkace tzv.
kissing balloon technikou (balonky dilatovdny soucasné
v hlavni i vedlejsi vétvi).

Soubor pacienti a metodika

Do registru bylo zafazeno 201 pacientd neselektova-
né populace odetfenych v obdobi mezi ¢ervnem 2012
a dubnem 2016 v Kardiovaskuldrnim centru Krajské ne-
mocnice Liberec, u kterych bylo zvazovano uziti bifur-
ka¢niho stentu Tryton. Klinickd charakteristika je uve-
dena v tabulce 1. Primérny vék pacientl byl 66,8 roku
(40-93 let) z toho 75,12 % tvofila muzskd populace.
Diabetes mellitus mélo 26,36 % pacientd, s dyslipide-
mii se 1éCilo 44,77 % nemocnych, s arterialni hypertenzi
68,15 % pacientl, zavaznou renalni insuficienci mélo
8,45 % pacientd, aktivnimi kurdky bylo 29,35 % pa-
cientd, 32,83 % pacientl prodélalo v minulosti infarkt
myokardu, 33,33 % pacientd podstoupilo v minulosti
PCl, 6,46 % pacientd podstoupilo v minulosti chirurgic-
kou revaskularizaci a 62,18 % pacientd mélo vicecetné
postizeni véncitych tepen.

Indikaci k revaskularizaci (viz tabulku 2) byl v 12,93 %
akutni infarkt myokardu s elevacemi useku ST, ve 34,32
% akutni infarkt myokardu bez elevaci useku ST, v 5,97 %
se jednalo o nestabilni anginu pectoris, ve 46,76 % byla
indikaci revaskularizace stabilni forma ischemické choro-
by srdecni.

Hlavni vétev
8 mm

Obr. 1 - Schéma stentu Tryton

—a Mu\\——

o

Prechodna Vedlejsi vétev
oblast 5,5 mm (6,5 mm)
' 4,5 mm

4,5 mm
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Tabulka 1 - Klinicka charakteristika pacientti zarfazenych do registru

Absolutné Procentualné
Primérny vék 66,8
Muzi 151 75,12
Zeny 50 24,87
Diabetes mellitus 53 26,36
Arteridlni hypertenze 137 68,15
Dyslipidemie 90 44,77
Aktivni nikotinismus 59 29,35
Renalni insuficience 17 8,45
Predchozi IM 66 32,83
Predchozi PCl 67 33,33
Predchozi CABG 13 6,46
Nemoc vice tepen 125 62,18
cTo 1 0,49
ISR 3 1,49
Klasifikace dle Mediny
1.0.0 0 0
1.1.0 0 0
0.1.0 1 0,49
0.0.1 0 0
1.0.1 6 2,98
0.1.1 3 1,49
1.1.1 191 95,02

CABG - aortokorondrni bypass; CTO - chronicky uzavér; IM - in-
farkt myokardu; ISR - instent restendza; PCl - perkuténni koronar-
ni intervence.

Tabulka 2 - Indikace k revaskularizaci

Absolutné Procentualné
STEMI 26 12,93
NSTEMI 69 34,32
NAP 12 5,97
AP 63 31,34
Jina indikace 31 15,42

AP - angina pectoris; NAP — nestabilni angina pectoris; NSTEMI
- akutni infarkt myokardu bez elevaci useku ST; STEMI - akutni
infarkt myokardu s elevacemi useku ST.

Tabulka 3 - Prehled oSetfovanych koronarnich lézi

Absolutné Procentualné
ACS 30 14,92
RIA 126 62,68
RCx 30 14,92
ACD 14 6,96
SVG 1 0,49

ACD - arteria coronaria dextra; ACS - arteria coronaria sinistra;
RCx — ramus circumflexus; RIA - ramus interventricularis anterior;
SVG - Zilni bypass.

Tabulka 4 - Technické provedeni intervenci

Absolutné Procentualné

Predilatace hlavni vétve 165 82,08
Predilatace bo¢ni vétve 171 85,07
Dalsi stent v hlavni vétvi 61 30,34
Dalsi stent ve vedlejsi vétvi 43 21,39
Kissing 159 79,1

Technicky uspéch 171 85,07
Disekce vyzadujici dalsi stent 18 8,95

Integrilin 24 11,94

Tabulka 5 - Klinické vysledky po Sesti mésicich

Absolutné Procentualné

Jakékoliv imrti 8 3,98
Umrti z kardiovaskularnich

pficin 6 2,98
IM 3 1,49
Jakakoliv revaskularizace 3 1,49
TVL 0 0
TLR 0 0
IST definitivni 1 0,49
IST pravdépodobna 3 1,49
IST mozna 1 0,49
TVF 6 2,98

IM - infarkt myokardu; IST - instent trombdza; TLR - revaskulariza-
ce cilové léze (target lesion revascularisation); TVF - selhani cilové
tepny (target vessel failure); TVR - revaskularizace cilové tepny
(target vessel revascularisation).

Osetfovanou tepnou byla v 14,92 % bifurkace kmene
levévéncitétepny, v62,68 % bifurkaceramusinterventricu-
laris anterior s diagonalni vétvi, v 14,92 % bifurkace ramus
circumflexus s margindlni vétvi, v 6,96 % bifurkace v peri-
ferii pravé véncité tepny, vjednom pfipadé byl osetien Zilni
bypass (tabulka 3). Klasifikace dle Mediny?® byla v 95,02 %
pfipadu 1.1.1., ostatni klasifikace byly zastoupeny jen mi-
nimalné.

Pacienty jsme poté sledovali v obdobi Sesti mésica od
osetfeni. Sledovanymi parametry bylo jakékoliv umrti,
mortalita z kardiovaskuldrnich pfic¢in, infarkt myokardu,
revaskularizace cilové tepny (target vessel revascularisa-
tion, TVR), revaskularizace cilové léze (target lesion re-
vascularisation, TLR), trombdza ve stentu (in stent trom-
bosis, IST)° definitivni nebo pravdépodobnad a selhani
cilové tepny (target vessel failure, TVF), kompozitni uka-
zatel z nasledujicich kritérii — mortalita z kardiovaskular-
nich pficin, infarkt myokardu v povodi revaskularizované
tepny (TVR).

Technické vysledky (viz tabulku 4)

Uspé&$nost o3etFeni bifurkacnich 1ézi pFi uZiti stentu Try-
ton byla 85,07 %. Na uspésnost implantace neméla vliv
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Technicky uspéch
pfi uZiti stentu
Tryton

Technicky uspéch
pfi uziti jiné metody
osetfeni

Céstecny technicky
Uspéch jinou metodou
(pro charakter léze se
nepodafilo TAP/zamysleny

stenting SB)

Celkem pouzitych
stentd Tryton

Technicky neuspéch
pfi uziti stentu Tryton

Uplny technicky
neuspéch

Obr. 2 - Piehled technické uspésnosti vysetifovaného souboru. SB - vedlejsi vétev (side branch); TAP - T and

protrusion.

diagnéza (akutni koronarni syndrom vs. stabilni formy
ischemické choroby srde¢ni). Uspé&snost dle o3etfované
tepny byla 78 % u kmene levé véncité tepny (ACS), 82
% u predni sestupné tepny (RIA), 83 % u zadni sestupné
tepny (RCx), 86 % u pravé véncité tepny (ACD).

U 30 pacientdl, jimz se nepodafilo zavést stent Tryton,
byla |éze o3etfena jednou ze standardnich metod, nicmé-
né 73,33 % z téchto pfipadl skoncilo pouze ¢astecnym
uspéchem (pro charakter Iéze nebylo mozno provést fi-
nalni kissing balloon dilataci ¢i zamyslenou implantaci
stentu do vedlejsi vétve). U dvou pacientl nebylo dosa-
Zeno revaskularizace jakoukoliv technikou. Celkovy pre-
hled uspésnosti implantace stentu Tryton je zndrornén na
obréazku 2.

Ze sledovanych technickych parametrd byla predilata-
ce hlavni vétve provedena v 82,08 % pfipadu, predilata-
ce vedlejsi vétve v 85,07 % pripadd, zavérecny kissing byl
proveden v 79,10 % pfipadd, jako hlavni stent byl ve 100
% pripadd uzit Iékovy stent (DES), v 30,34 % pfipada byl
v hlavni vétvi implantovan dalsi stent, v 21,39 % pfipadu
byl implantovan dalsi stent do vedlejsi vétve. Disekce vy-
Zadujici implantaci dalsich stentd byla zjisténa v 8,95 %
pfipadd, Integrilin byl podan u 11,94 % pacientd.

Casné klinické vysledky

Tri (1,49 %) pacienti zemreli jeSté za hospitalizace, ve
vsech trech pripadech byla pfijmovad diagnéza infarkt
myokardu s elevacemi Useku ST. Prvni pacient byl v kar-
diogennim 3Soku pfi srde¢ni zastavé s nutnosti zavedeni
ECMO ke stabilizaci stavu, nasledné viak doslo k rozvoji
hemoragického Soku pfi krvaceni do sleziny, jejimz du-
sledkem byla smrt jako komplikace resuscitacni péce.
Druhy pacient v predchorobi podepsal negativni revers
na oSetfeni prfi AKS a ndsledné se jiz vratil v Sokovém
stavu. Treti pacientka byla pfijata pro srde¢ni zastavu pfi
uzdvéru RIA, ktera byla uspésné osetfena pomoci stentu
Tryton. Ve druhé dobé pak bylo doplnéno PCl RMS, po

jejimz odetfeni a navratu na ldzkové oddéleni nastala sr-
decni zastava pfi in-stent trombdze RMS.

Klinické vysledky po Sesti mésicich (viz tabulku 5)

Ve sledovaném obdobi zemielo osm pacientd, z toho Sest
pacientd z kardiovaskuldrni pficiny, dva pacienti zemfeli
pro respirac¢ni selhani pfi chronickém plicnim onemocné-
ni. K infarktu myokardu doslo u tfi pacientt, k revaskula-
rizaci bylo nutno pfistoupit pouze u tfi pacientd, z toho
vsak ani jednou nebylo potfeba osetfit cilovou tepnu
nebo lézi. K definitivni instent trombdze doslo v jednom
pfipadé, nebyla viak lokalizovana do Iéze ani tepny, kde
byl uzit stent Tryton.

Diskuse

V nasem souboru pacientl jsme o3etfili 201 bifurkacnich
1ézi, 171 pacientim byl Uspésné implantovan bifurkaéni
stent Tryton. Technicky Uspéch dosazeny v nasem registru
(85,07 %) je nizsi nez v jinych obdobnych publikacich, kde
se pohybuje mezi 89 a 95 %.""'2Nicméné klinické vysled-
ky v naSem souboru pacientt byly dobré. Ve sledovaném
obdobi nebylo nutné ani jednou revaskularizovat cilovou
tepnu, tj. TVR = 0 %. Dle dostupnych dat ze studii i regis-
tra''2 bylo nutné pfistoupit k revaskularizaci cilové tepny
v 3,5 % pfipadl. Ve sledovaném obdobi bylo v nasem re-
gistru dosazeno srovnatelné incidence infarktu myokardu
(1,49 % vs. 3,0 %). Pokud budeme hledat pric¢inu nizsiho
technického Uspéchu, je nutné se blize podivat na pod-
skupinu 30 pacientl, kterym se nepodafilo implantovat
stent Tryton. Jako hlavni zdroj technického neuspéchu
Ize identifikovat pritomnost excesivnich kalcifikaci, kte-
ré byly pritomny v 76,66 %, vyraznd tortuozita véncitych
tepen byla pfitomna v 23,33 %, poslednim z hlavnich
identifikovanych prediktord technického neuspéchu je
pfitomnost trombotickych hmot, které byly angiografic-



J. Widimsky et al.

289

ky zfejmé v 13,33 %. V3echny tyto zminéné atributy jsou
kontraindikacemi k uziti stentu Tryton. Pro dosazeni dob-
rého technického i klinického vysledku se jako zcela za-
sadni jevi dodrzeni plvodnich indikac¢nich kritérii.

Zavér

Otazka osetfovani bifurkacnich lézi zGstava do budouc-
na stale oteviend, jako mozna alternativa se jevi uzi-
ti dedikovanych bifurkacnich stentd. Bifurkacni stent
Tryton md vyhodu v ochrané bo¢ni vétve, jejiz osetfeni
muUze byt u vétSiny standardnich technik problematické.
Stent Tryton Ize dle nasich dat s vyhodou pouzivat ze-
jména u bifurkacnich 1ézi s velkou bo¢ni vétvi (> 2,5 mm).
Data z naseho registru tak svéd¢i pro vysokou bezpecnost
a uspésnost osetfovani tohoto typu bifurkacnich 1ézi po-
moci stentu Tryton.

Prohlaseni autorti o mozném stietu zajmu
PFi tvorbé tohoto ¢lanku autofi neméli stfet zajma.

Financovani
PFi tvorbé tohoto ¢lanku nebylo ¢erpano z grantu ¢i ji-
nych fonda.

Prohlaseni autort o etickych aspektech publikace

Tento registr byl vytvoren v souladu s etickymi standardy,
informovany souhlas nebyl zapotiebi v souladu s platnou
legislativou.

Jak byl registr veden?
Prospektivni registr, konsekutivni zafazovani.
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ABSTRACT

Osetieni vena saphena magna a parva akrylatovym lepidlem je jednou z nejnovéjsich technik. Pouzivd mo-
difikovany cyanoakrylat. V ¢lanku jsou rozebrany soucasné poznatky o osetreni varixG cyanoakrylatem,
mechanismus polymerizace a degradace cyanoakrylatu, jeho vlastnosti, rizika spojend s aplikaci, vysledky
dostupnych studii, toxicita a histokompatibilita, respektive poznatky o reakci cévni stény na cyanoakrylat.
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Treatment of the great and small saphenous veins with modified cyanoacrylate is one of the most recent
techniques. The article discusses the current findings related to cyanoacrylate treatment of varices, the me-
chanism of cyanoacrylate polymerization and degradation, cyanoacrylate properties, application-related
risks, results of available studies, cyanoacrylate toxicity, and its histocompatibility, or findings related to
vessel wall reactions to cyanoacrylate.

Introduction

Treatment of varicose veins in lower extremities has wit-
nessed major development during the last two decades.
Despite still widely used crossectomy and conventional
stripping for treatment of great saphenous vein (GSV)
and small saphenous vein (SSV), mini-invasive techniques
have spread enormously. The main reason is possibility of
out-patient treatment, shorter and lesser burden, mini-
mum need for anaesthesia, better cosmetic effect, shor-
ter intervention as well as recovery period. Mini-invasive
techniques can be divided to thermal (endovascular laser
- EVL, radiofrequency ablation — Closer Fast, mechano-
chemical [ClariVein]), and chemical — sclerotherapy under
ultrasound guidance and most recently treatment with cy-
anoacrylate (VenaSeal, VariClose).

Cyanoacrylate gluing technique is the least strenuous
treatment of varicose trunks which does not necessitate
tumescent anaesthesia and post procedural stocking com-
pression.

History

Acrylates were discovered in the 1940s. Allyl acryla-
te was first synthesized in 1949 by American chemical
scientist Ardis." The “superglue” quickly found its pla-
ce in aircraft and building industry, and soon also in
healthcare.

It has been used as a haemostatic agent, tissue glue,
or embolization material. In general surgery it has been
used for sutureless bonding of wounds or venous embo-
lization, e.g. to devitalize metastases in liver. In vascu-
lar medicine, cyanoacrylates have been used for several
decades to treat AV malformations, bleeding from oeso-
phageal varices, and traumatized arteries by endovascu-
lar application.

The very first treatment of insufficient varicose trunks
in lower limbs in humans was realized by Almeida in
2010.2
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Properties of the glue

The alkyl side chain (R) has a decisive impact on the glue
properties, namely its strength and physical properties.
Short chains (R = —CH3 or —C2H5) form straighter and
stronger bonds resulting in stronger, but more brittle
structure. On the contrary, the longer or more complex
the structure of the chain, the higher elasticity of the for-
med polymer.

In the body the cyanoacrylate polymer gradually de-
grades to formaldehyde and the respective alkyl acetate.
The longer or more complex the side chain, the slower
the polymer degradation. This characteristics is determi-
ned by the steric hindrance.? Shorter chains degrade very
fast, which results in release of the degradation products.
Higher concentration of formaldehyde can be toxic. At
the same time the degraded products also cause inflam-
matory response and impair healing. The elementary cya-
noacrylate structure is strictly given; however, numerous
additives can significantly influence the required proper-
ties such as viscosity, speed of hardening, elasticity, co-
lour, strength, biocompatibility, speed of degradation, or
toxicity.*

The current medical practice uses mostly n-butyl-2-cya-
noacrylate, or more recent octyl cyanoacrylate.

One of the practical options is extending the polyme-
rization time by adding retarders. These include acetic
acid>® or poppy seed oil — Lipiodol Ultra-Fluid (Guerbet,
France). Cyanoacrylate is used in mixture with Lipiodol
at ratios of 1 : 1 through 1 : 5. The ratio between the
components has been established empirically. The stu-
dy by Y.J. Li’ succeeded in demonstrating that both the
components mix together well and homogeneously. The
retarded polymerization is most probably due to the se-
paration effect. Lipiodol prevents the immediate contact
of the cyanoacrylate monomer with the ionized environ-
ment and tissue.

The reason for intentionally increasing the glue vis-
cosity was a presumption first made by Gounis.> There is
a positive correlation between an acrylate’s viscosity and
the adhesion of its polymer to the vessel wall. Moreover,
the higher the glue viscosity, the less need to reduce the
speed of blood flow.

Suga?® investigated cyanoacrylate’s ability to occlude
a vessel in animals on a vein model made of vinyl tubes.
With 0.7 ml of glue he was able to successfully occlude
a vessel of up to 6 mm in diameter. Double quantity then
sufficed for 9mm and 12mm diameters at flow speed up
to 10 cm/s and 5 cm/s, respectively.

Studies in animals

So far two larger studies have been published on
treatment of venous trunks with cyanoacrylate in ani-
mals. They report results after 30 days® and 60 days' post
application in pigs.

The vein wall reaction was studied 30 days later and
examined both macroscopically and microscopically. The
veins were completely occluded. The tunica intima was
replaced with eosinophilic matrix, histiocytes and multi-
nuclear giant cells. Part of the sample vein was narrowed

by fibrotization, while in another the space showed signs
of residues of disintegrated erythrocytes. Samples taken
after 60 days continued to show signs of inflammation
and the findings were similar to those described above.
The tunica intima was replaced with spindle cells. Multi-
nuclear giant cells were present.

Studies in humans

The first study in humans was published by Almeida? in
2013. He treated two groups of patients who were ob-
served at 30 and 180 days. The application was performed
using a new dispensing equipment. The immediate suc-
cess rate (within 3 days) was 100%. After 30 days, it was
97%. The Venous Clinical Severity Score (VCSS) improved
by 1.9-2.1 after 30 days (range 0-11). No complications
were reported.

In Europe, Proebstle' published the first multicentric
study, involving 69 patients, conducted in 7 centres. The
technical procedure and equipment used were the same
as in Almeida’s US study. The immediate success rate was
100%. At one year, complete occlusion was only present
in 92.9%. Side effects were nils. Phlebitic reaction occur-
red in 11.4%, pain in 8.6%. No serious adverse event
was observed. In all 3 patients only partial recanalization
occurred. Thrombus protrusion into the common femoral
vein was observed in one patient.

Sixty-two GSV were treated in Tekins study with Vari-
Close system (VVSS) (Biolas, Ankara, Turkey). Short-term
results: one week and one month interval showed 100%
and 93.5%, respectively. At 6 months total occlusion was
90.3% and subtotal occlusion 3.2 % of observed patients.?

In the largest prospective study Yasim et al. treated
169 GSV and 11 SSV with VVSS. After 5.5 month 100%
of the treated veins were successfully occluded. The mid-
-term results published last year showed 96.6% success in
1 year and 94.1% at 30 month.™"

A new prospective study was designed in USA called
WAVES using VenaSeal (VSCS) (VenaSeal closer system,
Medtronic, Minneapolis, USA). It concerns on quality of
life, safety and effectiveness outcome for treatment of
GSV, SSV, and accessory saphenous veins."

The study executed by Toonder et al. deals with cya-
noacrylate embolization of insufficient venous leg perfo-
rators using VSCS. The occlusion rate was 76% without
serious adverse events.'®

In a contemporary study published 2018 Prasad et al.
presented 100% successful treatment of 191 insufficient
symptomatic vein perforators (69 patients) in 6-month fo-
llow up. All ulcers showed complete healing within three
months. Significant prolonged thrombophlebitis occu-
rred in 38.5% of limbs. Deep venous extension of cyano-
acrylate occurred in four (4.8%) patients, with no adverse
clinical outcome."

A comparative study between cyanoacrylate emboliza-
tion using VSCS and radiofrequency ablation (RFA) Closu-
reFast system (Covidien, Mansfield, Mass) was published by
Morrison in 2016. Two hundred twenty-two subjects with
symptomatic GSV incompetence were randomly assigned
to receive either VSCS (n = 108) or RFA (n = 114). Short time
results after 3-month interval was 99% CEA success occlu-
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sion and 96% for RFA. The long-term results were quite
similar. At one-year follow-up the complete occlusion was
97.2% in VSCS and 97.2% in RFA. After two years the result
was 95.3% and 94.0% for VSCS and RFA, respectively. No
serious adverse events appeared. Phlebitis occurred in 20%
of patients in VSCS and 14 % in RFA group.'™

A comparative study between VVSS and endovenous
laser ablation (AVLA) was published in 2017 by Koramaz
et al.” They treated 339 patients with either the endo-
venous application of VVSS or EVLA. The 12-month total
occlusion rates in the VVSS and EVLA groups were 98.6%
and 97.3%, respectively. There were fewer adverse events
after VVSS treatment compared with EVLA treatment.

Currently available techniques

Two different systems are currently available, American
VenaSeal (VSCS) and Turkish VariClose (VVSS). The Ame-
rican set consists of a vial containing modified cyanoacry-
late applied from a dispenser gun which releases 0.09 ml
of modified cyanoacrylate at a single press of the trigger
VSCS is modified Histoacryl with increased viscosity and
retarded polymerization. An unspecified organic substan-
ce isdeclared as an additive. The application starts by plac-
ing the catheter about 2 cm below the junction. Amount
of 0.09 ml of glue is released in one shot, follows 3-mi-
nute compression with ultrasound probe and the same
process after 3 cm withdrawal of the catheter.

Turkish VVSS contains cyanoacrylate, a simple dispen-
ser gun and a PTFE catheter. The glue has a water-like
consistency and its colour is dark blue. However, the
application is carried out by continuous dispensing of
cyanoacrylate, while retracting the catheter at about 2
cm/s. A single press of the dispenser gun trigger releases
0.3 ml of cyanoacrylate. The catheter has several lateral
openings for a more even distribution of the glue. Unlike
VSCS, the VVSS glue polymerizes almost immediately. It is
therefore necessary to withdraw the catheter and apply
the glue without stopping, otherwise there is a risk of the
catheter getting stuck.

Comparable results can also be achieved using a tech-
nique with no special instruments.? It uses the original
procedure for the treatment of AV malformations or
bleeding from oesophageal varices.

A new generation of cyanoacrylate glue that recei-
ved CE mark approval was announced by Baltic interna-
tional in October 2018 (https://evtoday.com/2018/10/24/
ce-mark-approved-for-balts-magic-glue-cyanoacrylate-
-liquid-embolic-agent).

Histocompatibility and vessel wall response
to cyanoacrylate

Even though cyanoacrylates are relatively widely used
in human medicine, histopathological studies focus par-
ticularly on animal experiments. Examination of human
tissues, whether those of living individuals or from an
autopsy, is very sporadic. Evidence of vessel wall respon-
se to cyanoacrylate is provided by Canter?!, where parts
of a haemangioma treated with n-butyl-2cyanoacrylate

were gradually removed over 6 months. After 48 hours
from cyanoacrylate application, acute inflammation of
the tissue occurred. Polymorphonuclear leukocytes were
predominant. Vascular structures were thrombotic due
to both cyanoacrylate filling and presence of acute in-
flammation around the glue. The endothelium and the
smooth muscle of the vessel wall were lacerated and sho-
wed signs of necrosis. After a month, the tissues showed
very clear signs of chronic inflammatory reaction and re-
action to a foreign body with the presence of giant and
polymorphonuclear cells. Cyanoacrylate was still present
in the tissues. After 6 months, signs of granulomatosis
appeared in the tissues and vessels as a reaction to a fo-
reign body. Vascular lacunas previously filled with the
glue now contained chronic inflammatory cells and the
vessel wall showed signs of smooth muscle cell prolife-
ration. Neovascularization appeared in the surrounding
tissue.

Signs of glue degradation in the vessel are observed as
early as 2 months after application.?? Described picture of
tissue reaction is disputable if the effect on haemangio-
ma tissue is comparable to the tissue of saphenous vein
but there is few in vivo data on these reactions with hu-
man tissue.

Advantages of method

Cyanoacrylate embolization of GSV, SSV, and insufficient
perforators is not inferior to other endovenous ablation
methods. This technique is faster, less painful with mini-
mum of adverse events. There is no risk of damage sur-
rounding tissues especially peripheral nerves. It could be
done without tumescent anaesthesia and also the post-
operative analgesia is needed rarely. There is no need of
postoperative stocking compression.

Disadvantages and risks of method

Toxicity of acrylates is determined by the length of the
alkyl side chain. The longer the chain, the lower the toxi-
city. This is due to the slower degradation of the formal-
dehyde releasing molecule.?* Potential toxicity of cyano-
acrylate consists in the formation of formaldehyde during
its degradation. Degradation of the used cyanoacrylate
takes place in the order of months and the amount of
glue applied is minimal and negligible in terms of toxicity.

Leakage of the glue during application can cause pul-
monary embolism.?* Losing a glue portion into the deep
venous system is a technical failure that has to be avoided
by external vein occlusion using the probe. If this is not
effectively possible (obesity, compliance e.g.), another
treatment should be chosen.

Literature has also described a thrombus protrusion to-
wards the sapheno-femoral junction with a potential risk
of central embolization™ and in patients with “foramen
ovale apertum” also ischemia of CNS.?

Another potential adverse event is the late reaction
to cyanoacrylate as a foreign body, or the formation of
granuloma. This reaction has not yet been described in
literature in connection with the treatment of varices.
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The greatest risk factor of recanalization was described
by Chan.? Cites a diameter of the treated vein larger than
6.6 mm as a single risk factor. The results achieved with
the different types of glues for different techniques are
currently comparable.

When comparing cost-effectiveness of cyanoacrylate
glue occlusion with high-ligation, ultrasound foam sclero-
therapy, radiofrequency ablation, endovascular laser and
mechanochemical ablation (MOCA), cyanoacrylate has
the highest cost but is no more effective than the other
therapies.”’

Conclusion

Treatment of vein trunk insufficiency with cyanoacrylate
is currently the least invasive technique. Available data
show that this is a successful and promising method with
minimum of adverse events. According to the available
results, the success rate is currently limited by the diame-
ter of the treated vein. Only long-term results and larger
group of treated patients will give a valid answer to the
question of whether this method will stand the test of
time compared to other mini-invasive techniques.
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Endotelové buriky tvofi aktivni vystelku cévniho systému, jsou metabolicky velmi aktivni a maji vysoké ener-
getické pozadavky. Hlavnim zdrojem energie je glukdza spotiebovévana anaerobni glykolyzou. Ostatni
zdroje jsou vyuzivany k tvorbé metabolickych intermediatt potfebnych v klidovém stavu k udrzeni bunécné
struktury a k signalizaci, v aktivovaném stavu k cévni proliferaci. V klidovém stavu nejsou endotelové buriky
prilis citlivé k hypoxii. Pokud jsou vsak endotelie soucasné vystaveny nedostatku glukézy a dodavka energe-
tickych substratd a kysliku neni vcas obnovena, dochézi po case k energetickému kolapsu a nekréze buriky.
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ABSTRACT

Endothelial cells form an active lining of vascular system. They have a very active metabolism and so they
have high demand for energy. The main source of energy is glucose that is utilized by anaerobic glycolysis.
Other sources are used to produce metabolic intermediates needed for the maintenance of cell structure
and for signalization in resting state, and for vascular proliferation in active state. Resting endothelial cells
are not very sensitive to hypoxia. A lack of glucose and coincident hypoxia lead after some time (if their
supply is not restored in time) to energetic collapse and cellular necrosis.

Uvod

Civilizac¢ni choroby maji velkou morbiditu a mortalitu,
pocty nemocnych se v celosvétovém méfitku stéle zvysuiji.
Klicovou roli ve vétsiné téchto onemocnéni hraji endote-
lové buriky. Bunéény metabolismus je zkouman jiz pres
sto let, teprve v poslednich letech se vsak dozvidame vice
o metabolismu endotelovych bunék. S postupujicim po-
znanim zjistujeme, Ze metabolismus endotelovych bunék
je velmi plasticky, rzné metabolické cesty jsou klicovymi
reguldtory mnoha endotelidlnich funkci, a ovliviuji tak
napiiklad angiogenezi ve fyziologickych i patologickych
situacich, zanét ¢i bariérové funkce, maji esencialni Ulohu
pfi rozvoji aterosklerézy, komplikaci diabetes mellitus ci
v chovani nadorud." Snadné fungovani metabolickych cest
je umoznéno intraceluldrni kompartmentalizaci, kterd
zajistuje jednoduchy pfesun metabolickych intermediatd
mezi enzymy jednotlivych cest.? Je pravdépodobné, Ze
pravé metabolické cesty budou v budoucnu terapeuticky-
mi cili ovlivnéni endotelidlni dysfunkce. V tomto souhrn-

ném ¢lanku predkladdme zakladni poznatky o endotelo-
vych bunkdch a jejich energetickém metabolismu, zvlasté
za klidovych podminek.

Charakteristika endotelové buriky

Endotelové buriky tvofi jednovrstevnou vystelku cév, ktera
oddéluje intravaskularni prostor a intersticium. Poprvé se
o nich zminil Friedrich Daniel von Recklinghausen jiz v 19.
stoleti.? S pfibyvajicimi poznatky o endoteliich jiZ neuva-
Zujeme jen jako o pasivni vystelce cév, ale jako o souboru
bunék, které zajistuji komunikaci a vyménu viech potreb-
nych latek mezi intra- a extraluminalnim prostorem a maji
i mnoho dalsich funkci, jimiz ovliviiuji mnohem vice nez
jen obéhovy systém. Tyto funkce mohou endotelové buriky
zajistit diky tomu, Ze jsou dynamické a metabolicky velmi
aktivni.

Cévni systém se zacind formovat jiz od tretiho tydne
embryonalniho vyvoje. Spole¢nym zakladem pro endote-
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Obr. 1 - Lidské endotelové buriky z pupecnikovych cév (HUVEC)
stimulované tumor nekrotizujicim faktorem alfa (TNFa), s vyso-
ce exprimovanymi adhezivnimi molekulami vaskularnich bunék
(VCAM-1); jadra modie, VCAM-1 zelené; barveno 4',6-diamidin-
-2-fenylindolem (DAPI), Alexa Fluor, konfokalni mikroskop, foto
autorky.
lové a hematopoetické buriky je hemangioblast z mezen-
chymalnich bunék, ty vznikaji ze splanchnického mezo-
dermu.*® Endotelové buriky tak maji mnoho spolecného
s mezenchymadlnimi burikami i s burikami hladkého svalu,
ve které mohou i béhem Zzivota dediferencovat.®
Endotelova burika v klidovém stavu je polygonalni, vel-
mi plochd, bunécné jadro prominuje do lumina cévy, jeji
podélnd osa je orientovana ve sméru toku krve. Tloustka
jedné buriky je pouhych 5 um, délka 25-50 pm, Sitka 10-15
pm, objem jedné endotelie ¢ini odhadem 2x 1021, celkem
jich v lidském téle najdeme asi 1-6x 10'3.”® Celkova plo-
cha endotelu dospélého ¢lovéka je odhadovana na 1-6 m?,
v nékterych pramenech je viak uvadéna i plocha podstatné
rozsahlejsi, az 500-1 000 m2. Celkovd hmotnost viech en-
dotelii v lidském organismu ¢ini pfiblizné 1 kg.>’
Endotelové buriky najdeme v téle v mnoha ,fenoty-
pech”. Odlisnosti nachazime nejen ve tvaru bunék a jejich
vnitfnich strukturach, véetné prevazujicich metabolickych
cest, ale hlavné v expresi receptort na bunécném povrchu.
Tyto rozdily jsou podminény prostfedim, ve kterém se dana
burika nachazi.>* Na rdznych mistech vaskularniho stromu
se tak mazeme setkat s rznymi reakcemi endotelu na stej-
ny podnét pravé podle toho, jaké molekuly buriky na svém
povrchu exprimuiji, jaké zrovna prevazuji metabolické ces-
ty. Tohoto jevu si musime byt védomi pfi extrapolovani za-
véra experimentd z bunécnych kultur jednotlivych endote-
lovych podtypd na viechny endotelie, ve vysledku se totiz
mUzZeme setkat se zcela protichGdnymi zavéry.
Endotelové bunky maji za bazalnich podminek velmi
malo mitochondrii, ty tvofi méné nez 2-12 % celkového
objemu bunky.® Zda se, Ze endotelie je nevyuZivaji pri-
marné k energetickému metabolismu, podstatné vétsi
roli hraji v bunécné signalizaci a zajistovani metabolic-
kych intermediatd (obr. 1).10-12

Funkce endotelovych bunék

Zakladni funkce endotelové buriky jsou znamé. Endo-
tel tvofi v klidovém stavu netrombogenni vystelku cév,
zajistuje transport mezi lumen a intersticiem, podili se

na vaskuldrnim tonu a toku krve, na regulaci trombdzy
a trombolyzy, na aktivaci destic¢ek, produkuje extracelu-
larni matrix, hraje viak také kli¢ovou roli v angiogenezi
a hojeni ran. Fyzikalnim stimulem ¢i biologicky aktivnim
medidtorem (mezi nejzndméjsi patfi trombin, histamin, li-
popolysacharid, ristové faktory a dal$i) maze dojit k akti-
vaci endotelie, ktera nasledné syntetizuje mnoho dalSich
aktivnich medidtord, které pusobi parakrinné i endokrin-
né. Vedou napfiklad k vazokonstrikci, k aktivaci desticek,
k trombdéze nebo expresi adhezivnich molekul. Endotelo-
va vystelka se tak rdzem dostane do stavu trombotického,
prokoagulacniho a prolifera¢niho.*

Endotelova burika se vzhledem ke svym funkcim v ur-
Citych situacich podili na mnoha patologickych stavech.
Svym rozsahem nejzavaznéjsi je ateroskleréza, ddle se
jednd o arteridlni hypertenzi, trombotické stavy, kompli-
kace diabetu, primarni plicni hypertenzi, septické stavy
a Sifeji i zanétlivé syndromy, vaskulopatie nebo metasta-
ticky rozsev. Endotelova dysfunkce v uzsim smyslu slova
vznikd pfi nerovnovdze vazodilatacné a vazokonstrikéné
pUsobicich latek. Vazodilata¢né plsobi pouze jedna z né-
kolika reaktivnich forem kysliku, které endotelova burika
produkuje, oxid dusnaty, ostatni formy (peroxid vodiku,
superoxid, hydroxylové radikaly, peroxynitrit a dalsi) vét-
sinou vedou k oxida¢nimu stresu, k oxidativnimu posko-
zeni bunécnych struktur a k inaktivaci oxidu dusnatého,
mohou se viak podilet i na fyziologickych dé&jich (super-
oxid pfi redoxni signalizaci).'>

V poslednich letech se ukazuje, Ze endotelové burky
maji nezastupitelnou Ulohu v angiogenezi, at uz za fyzio-
logickych ¢i patologickych podminek. Po stimulaci rdstovy-
mi faktory (vaskularni endotelidlni rlstovy faktor, VEGF) se
burika témér okamzité dostane do stavu, kdy je schopna
proliferovat a migrovat, dochazi k puceni cév (sprouting)
a nasledné tvorbé plné funkcni cévy. Tento angiogenni
zvrat je provazen i zvratem metabolickym (obr. 2).2

Energeticky metabolismus endotelové bunky
v klidovém stavu

Endotelové burky vydavaji v klidovém stavu nejvice ener-
gie na zajisténi sprdvné funkce kontraktilnich proteintd

Mediétory zandtu:

IL-1, IL-6, IL-8, LTB4,

LTC4, LTD4, LTE4, MCP I, MCP I,
MHC II, bun&né adhezivni molekuly

Rustové faktory:
PDGF, EDGF, FGF, IGF,
TGFB, GM-CSF, G-CSF

Vazomotorické plisobky:

-relaxaéni (NO, PGI2/E2, EDHF)
-konstrik&ni (endotelin, ACE,
TXA2/FIIa, EDCEF, leukotrieny, ROS)

Antitrombotické faktory:
PGI2, trombomodulin, AT III,
tPA, heparin sulfat

Prokoagulaéni faktory:
vWF, TXA2, tromboplastin,
faktor V, PAF, PAI-1, PAI-2

Mezibun&¢na matrix:
fibronektin, laminin,

kolagen I, II, II1, IV, VIII, XVIII,
proteoglykany, proteazy

Lipidovy metabolismus:
LDL-R, LPL

Obr. 2 - Zakladni produkty endotelové buriky, které se tykaji fyzio-
logie a patofyziologie cév. Podle Sumpio et al. 2002.*
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(témér 28 % spotfebované ATP), dale k syntéze proteinl
(23 %), velkou ¢ast ATP spotfebuji i ATPazy transportujici
razné ionty (11 % je spotifebovano v endoplazmatickém
retikulu k transportu vapenatych iontl, 6 % v lysosomech
k transportu protond, Na*/K* ATPaza spotifebuje pouhych
5 %).2 Predpoklada se, Ze zbyla spotfebovana energie je
vyuzita k syntéze RNA, DNA a fosforylaci spojené se sig-
naliza¢ni funkci. Endotelova burika je i v klidovém stavu
velmi aktivni, navic vdak musi byt schopna pfi své akti-
vaci rychle zareagovat na vné;si signaly a mnohonasobné
zvysit proteosyntézu a s ni spojenou narUstajici spotfebu
energie.

Za fyziologickych podminek mé endotelovad burika
k dispozici dostatek glukdzy i kysliku z krve, proto by
se zdalo energeticky nejvyhodnéjsi, aby k pokryti svych
potreb utilizovala glukézu aerobni fosforylaci. Kupodivu
tomu tak neni. Krebslv cyklus vyuziva endotelova burka
ke spotfebovani pouze asi 0,04 % glukézy. Témér 99 % je
ji utilizovdno anaerobné za vzniku laktatu a nejméné tfi
Ctvrtiny ziskané energie pochdzeji z anaerobni glykolyzy,
1 % glukdzy se spotiebuje pfimo hex6zamonofosfatovym
cyklem.®5Vzhledem k tomu, Ze je prevazna vétsina ener-
gie ziskdna i za pritomnosti kysliku anaerobni glykolyzou,
hovofi néktefi autofi o ,aerobni glykolyze”.'®'” P¥i zhor-
Seni dostupnosti kysliku jiz nedochazi k dalsimu navyseni
produkce laktatu, protoze jeho produkce je maximali-
zovana jiz bazalné, je popisovan nizky Pasteurlv efekt,
a podobné jako u nadorovych bunék pozorujeme Crab-
tree efekt, kdy glukdza inhibuje respiraci v mitochondri-
ich, a tim snizuje i spotfebu kysliku.’™'® Spotfeba glukdzy
k vyrobé stejného mnozstvi ATP je pfi anaerobni glyko-
lyze podstatné vyssi nez pri glykolyze oxidativni. Jednim
z davodl vyuzivani anaerobni glykolyzy je nejspise fakt,
Ze ATP je tak ziskdna podstatné rychleji nez pti aerob-
ni glykolyze.” Jedna endotelova burika v klidovém stavu
spotfebuje za den asi 0,9 ng glukdzy k vyrobé 1x 10""mmol
ATP, s polo¢asem ATP 8 s.820  Aerobni glykolyzu” muze-
me jindy pozorovat u proliferujicich bunék nebo u ery-
trocytu. Erytrocyty vSak na rozdil od endotelovych bunék
nemaji mitochondrie, a tak oxidativni metabolismus ani
nemohou vyuzit. Kyslik je tedy v téle transportovan krev-
nim fecistém, aniz by byl vyrazné spotfebovavan.

Energetické substraty endotelovych bunék

Glukodza je, jak jiz bylo zminéno vy3e, hlavnim zdrojem
energie endotelové buriky. Jeji transport do buriky neni
zavisly na inzulinu, je umozZnén hlavné transportéry
GLUT-1, které jsou stereospecifické, jejich funkce nespo-
tfebovava energii ani na luminalni, ani na ablumindlni
membrdané.?"?2 Na abluminalni strané buriky je vsak téch-
to transportéru ctyrikrat vice, prostup glukézy ke tkdnim
je tak zjednodusen.? Neplati to oviem v celém krevnim
fecisti, na pulmonalnich endotelovych burikach zfejmé
transportéry GLUT zcela chybéji a tyto bunky, které maji
i nizsi potiebu glukozy, vystadi s difuzi.?*

Aminokyseliny mohou byt dalSim energetickym sub-
stratem endotelii. Jejich transport je umoznén nékolika
specifickymi transportnimi systémy (transportéry pro ami-
nokyseliny se zdpornym, kladnym nebo neutralnim elek-
trickym nabojem, se sirou v postrannim fetézci apod.).

Nékteré z téchto transportéri jsou Na* dependentni
a jiné nikoli.> Rozlozeni téchto transportér neni symet-
rické, coz je dulezité hlavné ve funkci hematoencefalické
bariéry a v retindlni vaskulature.?> Na abluminalni mem-
brané se vyskytuji hlavné vysoce afinni Na* dependentni
prenadece. Transport kyselych aminokyselin (L-aspartatu
a L-glutaméatu) je pfes lumindlni membranu endotelii
v mozku omezen, coz umozni asi dvacetkrat rychlejsi od-
sun L-glutamatu, nez je jeho pfisun, a to pravdépodobné
facilituje odtok excitac¢nich neurotransmiter(.?® Rozlozeni
transportnich systémd na bunécné membrané je ovlivné-
no nejen gradientem sodnych iontq, ale i elektrickym né-
bojem a koncentraci aminokyselin na obou pdlech buriky.
V prostredi, kde tyto pfirozené gradienty chybéji, se zmé-
ni i rozloZeni transportérd na membrané. Zména koncen-
trace nékteré z aminokyselin tak maze ovlivnit funkci né-
kolika dalsich transportnich systém(.?” Napriklad ochrana
mozku pred zvySenou koncentraci aminokyselin je umoz-
néna vyssi koncentraci oxoprolinu, coz vede ke zméndm
transportnich systému, které umozni lepsi odsun amino-
kyselin z mozku do krve.®2° Opa¢nym prikladem je sti-
mulace exprese transportérl pfi nedostatku aminokyselin
v okoli bunky.?°

Mastné kyseliny tvofi minoritni zdroj energie endote-
lové burniky (méné nez 5 % celkové produkce ATP). Za-
jistuji vsak dostatek aspartatu a deoxyribonukleotid
k syntéze DNA, podileji se na redoxni homeostaze, ovliv-
nuji bunécnou permeabilitu a slozeni lipidd v bunécné
membrdané." 332 Pfi inhibici oxidace mastnych kyselin je
znemoznéna angiogeneze (je pozastaveno puceni céy,
migrace bunék vsak zGstava normdlni)." Endotelové bun-
ky nejsou pouze konzumenty mastnych kyselin, mohou je
téz syntetizovat de novo. V pfipadé, Ze je syntdza mast-
nych kyselin blokovana, je postizena nejen angiogeneze
a bunécna permeabilita, ale i endotelidlni syntéza oxidu
dusnatého (eNOS), kterd musi pro svou spravnou funkci
projit palmitoylaci.®

Energeticky metabolismus endotelii pfi hypoxii

Endotelové buriky nejsou vétSinou diky svému energetic-
kému metabolismu k hypoxii prilis citlivé. , Aerobni gly-
kolyza” umoznuje, Ze i pfi nizké koncentraci kysliku je
produkce ATP endotelovou burikou po dlouhou dobu sta-
bilni a produkce laktatu se nezvysuje.'®'” Pfi prodlouzené
hypoxii dojde k narudstu spotreby glukdzy i ke zvyseni pro-
dukce laktatu. K facilitaci transportu glukézy burnka zvysi
expresi mRNA a nasledné i proteinu pro erytroidni/moz-
kovy transportér, tak je umoznéna jeji lepsi intracelularni
dostupnost.?* Hypoxie zacind mit na endotelové bunky
vliv v pfipadé nedostatecné nabidky glukézy.?' Tehdy do-
jde ke snizeni mnozstvi tepla, které burika vyprodukuje,
snizi se tedy celkovy energeticky obrat, hodnota ATP vsak
zUstava stejnd — endotelovd burka je schopna hiberno-
Vat.8'35

V extrémnim pfipadé, kdy v pokusech v kultiva¢nim
médiu glukéza zcela chybi, dojde k aktivaci AMP-aktivo-
vané kinazy (AMPK). Stejny ucinek ma na buriky pfidani
aktivatoru 5-aminoimidazol-4-karboxamid-ribozidu (Al-
CAR). Dojde ke snizeni aktivity acetyl-koenzym A karbo-
xylazy a nasledné malonyl-koenzymu A. Ten funguje jako
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inhibitor karnitin-palmitoyl trasferdzy 1. DGsledkem této
kaskady je, Ze pfi absenci glukézy (za pfitomnosti karni-
tinu) dochazi ke zvyseni transportu i oxidace mastnych
kyselin s dlouhym retézcem, které pochazeji z intra- i ex-
tracelularnich triacylglycerold.®® Betaoxidaci si tak buri-
ka za téchto podminek zajisti az 40 % produkovaného
ATP.3 Pozoruhodné je, Ze pfi inzulinové rezistenci, kdy
dochazi ke zvysené esterifikaci mastnych kyselin, aktiva-
ci protein kindzy C (PKC) a zvyseni oxida¢niho stresu, je
aktivace AMPK nizka. V pripadé hypoxie, hypoglykemie,
ale i v dasledku cvic¢eni, podanim metforminu ¢i AICAR
dochazi ke zvyseni aktivace AMPK, a tim ke zvraceni vyse
popsanych negativnich déjud, dojde ke zlep3eni inzulinové
signalizace.”

Pfestoze inzulin neovliviuje v lidskych endotelovych
burikdch metabolismus glukdzy, nestimuluje syntézu gly-
kogenu (a tedy ani neméni jeho obsah v burkach, toto
je ovlivnéno pouze zvy$enou nabidkou glukézy), ani ne-
ovliviiuje uvolfovani laktatu, jsou inzulinové receptory
na povrchu endotelii pfitomny. Zajistuji zfejmé transport
inzulinu dalsim tkanim a podileji se na aktivaci ¢i zvyseni
exprese eNOS a na vazodilataci.?® | endotelové buriky jsou
v dlouhodobém méfitku ovlivnény hypoglykemii, ktera
vede k inzulinové rezistenci a v kone¢ném dusledku i ke
snizeni indukce eNOS."®

DalSim zdrojem energie muze byt kromé glukdzy
a mastnych kyselin s dlouhym fetézcem (palmitat) i laktat
a aminokyseliny.” Endotelie v koronarnich arteriich vyu-
zZivaji glutamin dokonce jako svuj hlavni zdroj energie.’
Pfi nedostatku jinych energetickych substratd vyuziva
endotelovd burika vlastni zasoby fosfokreatinu jako tzv.
energeticky pufr.®® Mnozstvi a druh zdroji energie ma
vliv i na proteosyntézu bunék. Pfi nedostatku glutaminu
(predstavme si napfriklad stresovou reakci pfi vycerpani
energetickych zdsob organismu) tak napfiklad dochazi
k vy$3i produkci adhezivnich molekul na povrchu endo-
telovych bunék.*® V opacném pfipadé, pfi hyperglykemii,
byla v bunécnych kulturach pozorovana zvysend produk-
ce glutaminu, ktery inhibuje syntézu NO, ¢imzZ dojde ke
snizeni vazodilatace.*!

Shrneme-li vyse zminénd fakta, zjistime, Ze endotelova
burika v béZznych podminkach odolna vici hypoxii se pfi
absenci kysliku ndhle stava citlivou k nedostatku gluko-
zy, protoze svou energetickou potfebu nemuze zajistit
oxidaci alternativnich substratd. Nejprve dojde k navyse-
ni exprese transportérld GLUT-1, a tim k ulehceni influ-
xu glukézy. Dale burika snizi své energetické pozadavky,
spotfebovavd endogenni zasoby fosfokreatinu, nicméné
po jeho utilizaci dojde i pres veskerou snahu ke snizeni
hodnoty ATP. Nasledné se snizi funkce ATPaz, které za-
jistuji bunécnou integritu. Dojde k alteraci bunécnych
membran, disociaci cytoskeletu, otevieni tight junctions
a zvyseni permeability endotelové vystelky nejen pro
makromolekuly, k inhibici proteosyntézy, edému mito-
chondrii a praskani lysosom(.%>4 Viechny tyto déje jsou
vsak i po nékolika hodinach pIné reverzibilni, pokud se
obnovi zdasobeni kyslikem i energetickymi substraty.
V opacném pripadé samoziejmé dojde k odumieni bunék
s veskerymi vyplyvajicimi dusledky.® Tento scéndr plati
v bunécnych kulturdch a pfi uplné ischemii. Pokud je vSak
dodavka kysliku a Zivin in vivo pouze vyznamné snizena
a zaroven dojde ke stimulaci endotelii VEGF, endotelie

se aktivuji. Dochdzi k jejich morfologickému i metabolic-
kému presmyku, kdy jsou aktivovany metabolické cesty,
pfi kterych vznikaji stavebni kameny novych bunék. En-
dotelie jsou pak schopné migrovat a proliferovat, tvori
cévni pupeny, které se postupné prodluzuji a tunelizuji,
a zajisti tak nakonec obnoveni krevniho zasobeni v hypo-
perfundované tkani.*4

Zavéry

Metabolismus endotelovych bunék je za klidovych fyzio-
logickych podminek malo zavisly na hypoxii, vétsinu ener-
gie ziskavaji endotelie anaerobni glykolyzou. Mluvime
o tzv. aerobni glykolyze. Transport glukézy intracelularné
neni zavisly na inzulinu. Alternativnim zdrojem energie
jsou mastné kyseliny a aminokyseliny. Tyto dalsi zdroje
jsou v klidovém stavu metabolizovany spiSe za ucelem
ziskani metabolickych intermediat potrebnych k udrze-
ni struktury bunky a k bunécné signalizaci. Po vycerpa-
ni intracelularnich energetickych rezerv za hypoxickych
podminek udrzuji endotelové buriky svlj energeticky ob-
rat zvlasté navysenim betaoxidace mastnych kyselin. PFi
soucasné hypoxii se stdva bunécny metabolismus neudr-
zitelny, v kratké dobé dochazi ke strukturalnim zménam.
V pfipadé, Ze neni mozno energetické zdroje a dodavku
kysliku obnovit, dochazi k nekréze endotelovych bunék

Prohlaseni autorky o mozném stretu zajmu
Zadny stfet zajma.

Financovani
Zadné.
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Kontext: Ackoliv na depresi se v doporucenich AHA a EACPR jiz pohlizi jako na rizikovy faktor kardiovas-
kuldrnich onemocnéni (KVO), k dispozici mdme malo genderové zamérené literatury. Studie prokazaly, ze
prevalence deprese mdze byt v urcitém véku u Zen vyssi a predisponuje Zeny k umrti z kardiovaskularnich
(KV) pficin vyznamnéji nez muze.
Cil: Cilem naseho clanku bylo podat prehled soucasnych dlikaz(i svédcicich pro prevalenci KVO a deprese
u Zen, nalézt spojitost mezi depresi a KVO u této populace a urcit mozné biologické mechanismy, které
zodpovidaji za tento vztah.
Metody: Prochézeli jsme pdvodni sdéleni a metaanalyzy publikované pred 20. 4. 2019.
Vysledky: Nas prehledovy ¢lanek rozpoznal konzistentni spojitost mezi depresi a KVO u Zen a prediktivni
hodnotu deprese u mortality z KV pficin, také jsou zde zddraznény nékteré mozné patofyziologické mecha-
nismy zodpovédné za tento vztah zvlasté u zen.
Zavéry: Zeny Castéji zazivaji nedostate¢nou socialni podporu a socialni integraci stejné jako depresi, ktera
vede k nezadoucim parametriim tykajicim se KVO a zesiluje riziko umrti z kardiélnich pficin, ¢asné hodno-
ceni psychosocialnich rizikovych faktorG i u Zen s nizkym rizikem KVO bude prvoradé pro to, abychom se
vyhnuli budoucim komplikacim a definovali efektivni nacasovani kognitivné zalozené intervence.

© 2019, CKS.

ABSTRACT

Background: Although depression is already elevated to the status of a risk factor for CVD in AHA and EACPR
guidelines and recommendations, there is lack of gender specific information. Studies have proven that de-
pression can be more prevalent in women at specific age and more significantly predisposes cardiovascular
mortality compared to men.

Purpose: The goal of our manuscript was to review current evidences suggesting prevalence of cardiovascu-
lar disease and depression in women, to find out the link between depression and cardiovascular disease
in this particular population and determine plausible biological mechanism to account for this relationship.
Methods: We reviewed original manuscripts and meta-analysis published before Apr 20, 2019.

Results: Our review identified consistent association between depression and cardiovascular disease in wo-
men and predictive value of depression on cardiovascular mortality, also there are underlined some plausi-
ble pathophysiologic mechanisms responsible for this relation especially in women.

Conclusions: Women are more frequently experiencing lack of social support and social integration, as well
as presence of depression leading to adverse CVD outcome and enhanced risk of cardiac death, early assess-
ment of psychosocial risk factors even in low CVD risk female patients will be paramount to avoid future
complication and define effective timing for cognitive-based intervention.
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Introduction

In recent years prevalence of cardiovascular disease (CVD)
has been increased in women to close to men’s rate'
and we are facing reality when the absolute numbers
of women living with and dying of CVD and stroke ex-
ceed those of men.? Because traditional risk factors do
not account for all of the variance of CVD, there has been
growing interest in nontraditional risk factors, including
psychosocial variables. Studies have shown, that psycho-
logical factors are associated with CVD and psychosocial
interventions has been suggested as adjuvant to more
traditional treatment.34

Depression is a novel and independent risk factor for
cardiovascular disease, which despite extensive support in
the literature has been underestimated and regardless of
studies, evaluating and proving link between depressive
disorders and traditional cardiovascular disease risk fac-
tors, is still neglected.

European guidelines of cardiovascular disease preven-
tion state that low socio-economic status, lack of social
support, stress at work and in family life, hostility, de-
pression, anxiety and other mental disorders contribute
to the risk of developing CVD and a worse prognosis of
CVD.> Psychosocial risk factors act as barriers to treatment
adherence and efforts to improve lifestyle, as well as to
promoting health in patients and populations. Psycho-
social risk factor assessment, using clinical interview or
standardized questionnaires, in individuals at high CVD
risk or with established CVD belongs to class lla, level B
recommendation according to European guidelines of
cardiovascular disease prevention.®

The American Heart Association (AHA) recently re-
leased a scientific statement elevating depression to
the status of a risk factor for patients with acute co-
ronary syndromes,® however released guidelines and
recommendations are experiencing lack of gender
specific information in high or low CVD risk group.
Numerous prospective studies, systemic reviews and
meta-analyses have shown link between mood disor-
der and excess cardiovascular mortality after acute
coronary syndrome (ACS).” The prevalence of major
depression is two times higher in postmenopausal wo-
men than in men, older women much more likely than
older men to have recurrent episodes,® fluctuating
hormonal levels from menstrual cycle and reproduc-
tion, and psychosocial factors may contribute to these
gender differences.® Clinical features of depression
in women include more atypical symptoms, anxiety
and eating disorders, and longer and more recurrent
depressive episodes.® Studies also have shown that
higher prevalence of depressive symptoms in women
modestly contributes to their higher rates of rehospi-
talization and angina compared with men." Depres-
sion rates are doubled in the presence of diabetes and
are considerably higher in diabetic women compared
with diabetic men," and depressed diabetic women
have more rapid development of CVD compared with
non-depressed diabetic women.™

The goal of our manuscript is to review current eviden-
ces suggesting prevalence of cardiovascular disease and
depression in women, to find out the link between de-

pression and cardiovascular disease in this particular po-
pulation and determine plausible biological mechanism
to account for this relationship.

Literature search strategy

We searched PubMed, MEDLINE databases to identi-
fy relevant peer-reviewed studies on or before Apr 20,
2019 for combination of the following terms: “Depre-
ssion, cardiovascular disease in women"”, “Depression
and cardiovascular mortality in women”, “Pathophys-
iologic mechanisms linking depression to cardiovascular
disease”.

Gender specific pathophysiology linking
depression to cardiovascular disease

Several studies have examined and are giving insights
into the pathophysiology linking depression to cardio-
vascular disease in gender specific group. In one ex-
perimental model of stress, the social stress of subor-
dination caused hypothalamic—pituitary—adrenal and
hypothalamic-pituitary-ovarian dysfunction in adult fe-
male cynomolgus monkeys.'® After the induced stress fe-
male cynomolgus monkeys developed more atheroscle-
rosis than non-stressed females and also they developed
signs of depression and poor ovarian function, which
along with hypercortisolemia, increases cardiovascular
reactivity and metabolic syndrome. These pathophysio-
logical pathways can be responsible for the enhanced
atherosclerosis in women, where the level of social stress
at any age is significantly high."*' It is proposed that
both social and hormonal influences stimulate affiliative
needs for girls during puberty, this gender-specific pre-
disposition may account for the increased risk of depres-
sion when an adolescent female is stressed by negative
life events.®

A meta-analysis of 361 studies involving 18,454 indi-
viduals reported that depression induces elevations in
cortisol which can lead to activation of inflammation
pathways. There were not found differences in terms of
gender.'® Inflammation represents one mechanism that
can directly accelerate atherosclerosis.'”” Pro-inflam-
matory states can be triggered by sympathetic activi-
ty and are associated with a dysregulated hypothala-
mic—pituitary-adrenal (HPA) axis."® Big case-control
studies and meta-analysis have demonstrated excesses
in pro-inflammatory markers for both major depres-
sion and bipolar disorder showing that patients with
bipolar disorder have higher concentrations of soluble
interleukin-2 receptor (sIL-2R), interleukin-6R receptor
(sIL-6R), tumor necrosis factor alpha (TNF-a), soluble tu-
mor necrosis factor receptor type 1 (sTNFR1), and inter-
leukin-4 (IL-4), studies have not performed gender spe-
cific analysis, although majority of them included more
women than men." Studies also show that all three,
C-reactive protein (CRP), IL-1, and IL-6 were significant-
ly associated with depression?®?! but very few of them,
with small sample size have provided data partitioned
by sex.
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Lipid level abnormalities in women
with the symptoms of depression

Previous studies have evaluated the association be-
tween lipid level abnormalities depression or schizo-
phrenia?*% but sex differences were not taken into
account in most of them. High density lipoprotein cho-
lesterol (HDL-C) was reported to be a more significant
cardiovascular disease risk factor in women than men,
whereas low density lipoprotein cholesterol (LDL-C) is
more significant in men.?® Ancelin et al. in ESPRIT stu-
dy (analyzed 1040 female patients) demonstrated that
increased prevalence of depression among women was
associated with HDL-C level.?” Wysokinski et al. in 760
female patients showed that in unipolar depression
group women were characterized with higher total
cholesterol and LDL level, lower HDL level compared to
men of the same group.?

Kim et al. showed that in females prevalence of
metabolic disturbance increased from the minimal
depressive symptom group (12.1% for hypertriglyce-
ridemia, 9.2% for metabolic syndrome [MetS]) to per-
sistently-severe depressive symptom group (19.6% for
hyper-triglyceridemic, 14.4% for MetS), this trend was
weaker in males.?

In a meta-analysis Lépez-Ledn et al. reported signifi-
cant evidence for five major depressive disorder suscep-
tibility genes, two of them also being associated with
lipids, apolipoprotein E (ApoE), and serotonin transpor-
ter (5-HTT).2° Apolipoprotein E (ApoE) is a major deter-
minant in lipoprotein metabolism, cardiovascular disease,
and immunoregulation, each of which is implicated in
major depression. Regarding the linked promoter region
of 5-HTT (5-serotonin transporter gene linked promoter
region [5-HTTLPR]), LDL-C levels have been found to be
higher in persons with the long polymorphism (/) than
those with short polymorphism (s/s),3'3? although not sys-
tematically.?

Prevalence of depression and cardiovascular
disease in women

Studies are experiencing lack of gender specific evi-
dences but in general depression appears to increase
the risk of development of CVD in men and women
alike.?* Stockholm Female Coronary Risk study showed
that depressive symptoms were significantly associated
with angina pectoris in female patients,® Vaccarino et
al. in WISE study confirmed that depression was a sig-
nificant predictor of CVD in female patients.® Studies
are showing controversial results assessing association
between depression and traditional cardiovascular dis-
ease risk factors in women. Anderson et al. showed that
depression rates are doubled in the presence of diabetes
and are considerably higher in diabetic women compa-
red with diabetic men,' Clouse et al. showed that de-
pressed diabetic women have more rapid development
of CVD compared with non-depressed diabetic women.'?
Wagner et al. observed that lifetime major depressive
disorder is associated with endothelial dysfunction re-
gardless of diabetes status.’”

Depression and cardiovascular mortality
in women

Studies have shown that persistent depressive sym-
ptoms after acute coronary syndrome are common and
increase the risk of recurrent cardiac events and morta-
lity (Table 1)3%.

In total depression increases the risk of mortality in pa-
tients with established coronary heart disease.?® Women
with acute myocardial infarction (AMI) have more seve-
re depression compared with men, and depressive sym-
ptoms persist longer.®4" Women also have a greater pre-
valence of depression as well as more severe depressive
symptoms than men after coronary artery bypass graft
surgery (CABG).

EPPI, M-HART study have demonstrated that depres-
sion is independent predictor for CVD mortality for
both gender,*? PREMIER study also showed that depres-
sion symptoms were significantly and similarly associ-
ated with cardiovascular outcomes in both men and
women.'®

In women who present with AMI or unstable angina,
lack of social support and social integration, as well as
presence of depression, are strong predictors of adverse
CVD outcome and both independently enhance the risk
of cardiac death, recurrent AMI, or revascularization by
2- to 2.5-fold.®

It has been suggested that the higher prevalence of
depression in women may contribute to this gender dif-
ference in post-AMI prognosis.*®

Summary

Although gender specific approaches is not taken into
account in AHA and EACPR guidelines and recommen-
dations, they have elevated depression to the status
of a risk factor for CVD, however psychosocial risk
factor assessment, using clinical interview or standar-
dized questionnaires is recommended just in individu-
als at high CVD risk or with established CVD. There is
increased recognition that depression delays recovery
post-AMI and after CABG in women. Women are more
frequently experiencing lack of social support and so-
cial integration, as well as presence of depression lea-
ding to adverse CVD outcome and enhanced risk of car-
diac death,* future studies with precise focus on gen-
der specific pathophysiology leading to cardiovascular
disease in depressed women can clarify the usefulness
of early assessment of psychosocial risk factors even in
low CVD risk female patients to avoid future compli-
cation and define effective timing for cognitive-based
intervention.
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Midventrikularni obstrukce u hypertrofické kardiomyopatie
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V predkladaném sdéleni prezentujeme tfi nemocné s midventrikularni obstrukci jakozto méné ¢astou kom-
plikaci hypertrofické kardiomyopatie. Stru¢né rozebirame mechanismy vedouci ke vzniku midventrikularni
obstrukce, jeji dUsledky, terapeutické alternativy a zejména diagnostické moznosti echokardiografie véetné
ukazky typickych nélezl. Cilem ¢lanku je pfipomenuti této vzacnéjsi varianty onemocnéni, s niz se kardiolog
ve své praxi setkdva.
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ABSTRACT

In this series of case reports we present three patients with midventricular obstruction as a less usual com-
plication of hypertrophic cardiomyopathy. We briefly analyse mechanisms leading to the development of
midventricular obstruction, its consequences, therapeutic alternatives and especially diagnostic possibilities
of echocardiography including the demonstration of typical findings. The aim of the article is to remind this

Uvod

Hypertrofickd kardiomyopatie (HKMP) je vrozené one-
mocnéni, jehoz hlavnim makroskopickym projevem je ji-
nak nevysvétlitelnd hypertrofie zejména levé srdec¢ni ko-
mory. Ta mUze byt, co se jejiho rozsahu a lokalizace tyce,
pfitomna v raznych morfologickych variantach s vicero
moznostmi ovlivnéni hemodynamiky. Typickym dusled-
kem je dynamicka obstrukce vytokového traktu levé ko-
mory (LVOT), kterou nazyvdme subaortdlni. Méné castym
nalezem je obstrukce midventrikularni, ktera je pfitomna
az u 10 % viech nemocnych s HKMP'? a vede ke vzniku
tlakového gradientu ve stfedni ¢asti dutiny levé komory.
Za vyznamny je povazovan gradient 30 mm Hg a vice.
ZpUsob vzniku midventrikuldrni obstrukce je v zasadé
dvoji. Cast&jsi je mechanismus sfinkterovy, kdy dochazi
k vzajemné systolické apozici hypertrofickych papildrnich
svall nebo i septa a bocni stény. V dusledku toho je duti-
na levé komory rozdélena na apikalni a bazalni ¢ast a zis-
kava tvar presypacich hodin. Mezi témito dvéma oddily

less frequent variant of the disease that may be encountered in a cardiologist’s practice.

se vytvari tlakovy gradient, ktery obvykle nebyva vysoky
a neni zdrojem limitujicich symptom. Takto podminéné
tlakové pretizeni, ¢asto ve spojeni s myokardialni ischemii,
vsak podporuje rozvoj nekrézy a apikalniho aneurysmatu
razné velikosti, jehoz vyskyt byl popsdn az u 25 % nemoc-
nych s midventrikuldrni obstrukci®* a maze byt spojen se
zvySenym rizikem komorovych arytmii,*> tromboembolic-
kych pfihod® a srde¢niho selhani. Ruptura vyduté popsdna
nebyla. Druhy mechanismus spocivd v anomalnim uponu
hypertrofického, obvykle apikdlné posunutého antero-
lateralniho papilarniho svalu pfimo do prodlouzeného
predniho mitralniho cipu s velmi kratkou interpozici $la-
sinek. Tak dochazi k systolickému kontaktu hrotu papilar-
niho svalu a cipu chlopné se stfedni a bazalni ¢asti mezi-
komorového septa, v disledku ¢ehoz opét vznika tlakovy
gradient. Tito nemocni mohou trpét limitujicimi sympto-
my podobné jako ti se subaortdlni obstrukci.

V diagnostice uvedenych stavli ma zasadni pfinos echo-
kardiografické vysetieni. Pro ilustraci problematiky pre-
zentujeme tfi vybrané kazuistiky s doprovodnymi ultra-
zvukovymi nalezy.

Adresa pro korespondenci: MUDr. Toma$ Bfezak, Kardiologicka klinika, 2. lékaFska fakulta Univerzity Karlovy a Fakultni nemocnice v Motole, V Uvalu 84,

150 06 Praha 5, e-mail: Tomas.Brezak@fnmotol.cz
DOI: 10.1016/j.crvasa.2018.08.002

Tento ¢lanek prosim citujte takto: Bfezak T, Veselka J. Midventrikularni obstrukce u hypertrofické kardiomyopatie. Cor Vasa 2019;61:e305—e308.
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Obr. 1 - Projekce PLAX, 2D, systola: Vyrazna hypertrofie septa i in-
ferolateralni stény levé komory a papilarniho svalu ptsobi vzajem-
nou systolickou apozici téchto struktur obliteraci dutiny levé ko-
mory. Pfedni mitralni cipy nejevi dopfedny systolicky pohyb (SAM).

Obr. 2 - A4C projekce, CFM, systola: Obliterace dutiny levé komory vede
ke vzniku tlakového gradientu, jenz se v barevném mapovani projevi
jako turbulentni proudéni s pocatkem na midventrikularni Grovni.

Obr. 3 - A4C projekce, CW se zamérenim na dutinu a vytokovy trakt
levé komory: Kolisajici pozdné systolicky tlakovy gradient dosahu-
jici maximalnich hodnot pfiblizné 60 mm Hg, kfivka je superpo-
novana na zaznam pratoku aortalnim Ustim. V diastole je patrny
pratok IVRT dany rychlejsi relaxaci apikalnich segmentt komory.

Kazuistiky
Pfipad 1

Pacientka s HKMP v minulosti podstoupila alkoholovou
septalni ablaci (ASA) prvni septalni vétve s odstrané-
nim subaortdlni obstrukce a symptomu. Jiz pfi vstupnim
echokardiografickém vysetfeni predchazejicim vykonu
byly patrné vyrazné hypertrofické, apikalné posunuté
papildrni svaly zpUsobujici systolickou apozici k sep-
tu obliteraci stfedni c¢asti dutiny levé komory (obr. 1).
V této urovni je barevnym mapovanim (CFM) detekova-
telny turbulentni tok (obr. 2). Méfeni rychlosti pritoku
kontinudlni dopplerovskou metodou (CW) bylo umoz-
néno az snizenim tlakového gradientu ve vytokovém
traktu, jehoz signal byl do té doby ve spektralni kfivce
dominantni a prekryval zdznam z midventrikularni ob-
lasti. Typicky je pozdné systolicky vrchol rychlosti (obr.
3). Zajimavy je také u pacientd s HKMP pomérné casty
ndlez tzv. intrakavitarniho pratoku IVRT, coZ je prou-
déni apikalnim smérem béhem faze izovolumické rela-
xace v dUsledku rychlejsi relaxace hrotovych segmentua.
V pribéhu dispenzarizace je pacientka asymptomaticka
pfi farmakoterapii beta-blokatorem.

Pfipad 2

Pacientka je ambulantné sledovana po ASA, bez rezidu-
alniho gradientu v LVOT. Po dlouhém asymptomatickém
obdobi doslo k rozvoji ndmahové dusnosti ve funkéni tii-
dé NYHA IlI, echokardiograficky byla konstatovdna nové
vznikld midventrikuldrni obstrukce bez patrné vyraznéjsi
progrese hypertrofie myokardu. Ve snaze o redukci tla-
kového gradientu byla navysena ddvka beta-blokatoru.
Poucny je echokardiograficky obraz, kde je patrna oblite-
race stfedni ¢asti dutiny levé komory apozici papilarnich
svalt a septa podobné jako v pfedchozim pripadé, ale na-
vic jsou pfitomny degenerativni zmény aortalni chlopné
(obr. 4). Na tomto podkladé lze v CW zdznamu rozlisit
dva vrcholy systolického pritoku, a sice vrchol ¢asné sy-
stolicky dany lehkou aortdlni stenézou a vrchol pozdné
systolicky zpasobeny dynamickou obstrukci (obr. 5).

Obr. 4 - A4C projekce, 2D, systola: Obliterace dutiny levé komory
apozici hypertrofického papilarniho svalu a septa. Degenerativni
zmény v oblasti aortalni chlopné.
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+ Vel 255cmis
PG 26 mmHg
= Vel 326 cmis
PG 42 mmHg

Obr. 5 - A4C projekce, CW se zaméienim na dutinu levé komory
a aortalni usti: v zaznamu systolického toku jsou patrné dva vrcho-
ly. Casné systolicky vrchol odpovida tlakovému gradientu na lehké
aortalni stendze, pozdné systolicky vrchol je dan dynamickou mid-
ventrikularni obstrukci.

Pfipad 3

Posledni pripad ukazuje moznost intervencniho ovlivnéni
midventrikularni obstrukce. U této pacientky byl zjistén
tlakovy gradient dosahujici klidovych hodnot 80 mm Hg
na subaortdlni a 50 mm Hg na midventrikularni drovni,
jez se klinicky projevuje ndmahovou dusnosti tfidy Ill dle
klasifikace NYHA. Patofyziologickym mechanismem zde
byl systolicky kontakt anterolateralniho papildrniho svalu
a prodlouzeného prfedniho mitrdlniho cipu s vyrazné hy-
pertrofickou mezikomorovou prepazkou (obr. 6). Vzhle-
dem k anatomii pfiznivé pro vykon byla provedena ASA
dvou septalnich vétvi, tedy s lokalizaci abla¢niho lozZiska
nejen bazalné, ale i ve stfedni ¢asti septa. Pfi kontrolnim
vySetfeni je patrné vymizeni obliterace dutiny levé ko-
mory (obr. 7) s redukci tlakového gradientu na hodno-
ty nepresahujici 30 mm Hg na obou etazich a s Ustupem
symptom.

Obr. 6 - Projekce PLAX, 2D, systola: Obliterace dutiny levé komory
apozici papilarniho svalu, prodlouzeného predniho mitralniho cipu
nejeviciho dopfedny pohyb a mezikomorového septa pfi vyrazné
myokardialni hypertrofii.

Obr. 7 - Projekce PLAX, 2D, systola: Ve srovnani s obr. 6 patrny efekt
alkoholové septalni ablace s ablac¢nim loziskem lokalizovanym na
bazalni a stfedni urovni septa.

Diskuse

Zakladnim echokardiografickym ndlezem uizolované mid-
ventrikuldrni obstrukce je systolické zuzeni dutiny levé
komory v dusledku jednoho z vyse uvedenych mechanis-
mU, s absenci dopfedného pohybu predniho cipu mitralni
chlopné. Na pfitomnost tlakového gradientu upozorni jiz
zobrazeni CFM turbulentniho proudéni s poc¢atkem v od-
povidajici urovni komory. Jeho kvantifikace pomoci CW
méreni vSak muze byt obtizna ¢i nemozna v pripadech,
kdy je soucasné pfitomna i subaortdlni obstrukce. Pokud
tento problém nelze vyresit angulaci sondy, je mozno po-
uzit i pulsni zdznam, avsak pouze tehdy, neni-li mérend
rychlost pfrilis vysoka. Dalsi alternativou je invazivni mére-
ni gradientu. Neexistuje systém pro klasifikaci zadvaznosti
midventrikularni obstrukce, vysledkem vysetfeni je tedy
konstatovani jeji pfitomnosti a popis struktur podilejicich
se na jejim vzniku. V diagnostice Ize vyuzit i levostrannou
ventrikulografii soucasné s jiz zminénym invazivnim mé-
fenim tlakd ¢i srde¢ni magnetickou rezonanci, jez muaze
byt pfinosna zejména v detekci apikalniho aneurysmatu.

Metodu prvni volby ve snaze o zmirnéni gradientu
a symptomU predstavuje farmakoterapie vysokymi davka-
mi negativné inotropnich latek, to jest beta-blokator’ nebo
non-dihydropyridinovych blokdtord kalciovych kanald.
V pripadech s vhodnou anatomii Ize pfistoupit i k septalni
reduk¢ni terapii. Zkusenosti z nékterych center ukazuji moz-
nost provedeni chirurgické myektomie s dobrymi kratkodo-
bymi vysledky.”® Kromé klasického transaortalniho pfistupu
je v této indikaci pouzivan i pfistup transapikalni ¢i kombi-
novany. U vybranych pacientd mdze byt alternativou i alko-
holova septalni ablace, jak ukazuje vyse uvedend kazuistika
3. Specificky pfistup mohou vyZadovat vzacné komplikace
apikalniho aneurysmatu. Jedna se bud o trombdézu vyzadu-
jici dlouhodobou antikoagulacni terapii,® nebo o na tomto
substratu vznikajici komorovou tachykardii, kterd muze byt
pfistupnd mapovani s naslednou ablaci.*> Primarné preven-
tivni pouziti implantabilniho kardioverteru-defibrildtoru
neni v téchto pfipadech pfi absenci jinych rizikovych faktor(
nahlé srdec¢ni smrti indikovano.®
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Zavér

Midventrikuldrni obstrukce je méné castou komplikaci
hypertrofické kardiomyopatie. Na jejim vzniku se podileji
razné struktury levé srdecni komory a mitralni chlopné.
Vysledny tlakovy gradient se mize projevit i limitujicimi
symptomy &i vést k rozvoji apikalniho aneurysmatu spoje-
ného se zvySenym rizikem nahlé srde¢ni smrti. Diagndza
je obvykle stanovena echokardiograficky. Redukce gradi-
entu lze dosdhnout farmakologicky, v nékterych pripa-
dech je moznd i perkutanni ¢i chirurgickd 1écba, ackoliv
zkudenosti s nimi jsou omezené.

Prohlaseni autorii o mozném stretu zajmu
Zadny stret zajma.
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Prohlaseni autort o etickych aspektech publikace
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Pres znacny pokrok v [écbé infarktu myokardu jsou jeho tromboembolické komplikace nadéle velmi zdvazné
a jejich progndza nezfidka fatalni. Poinfarktovy kardioemboliza¢ni iktus je nejcastéjsi z podtypt ischemické
cévni mozkové piihody a ma z nich také nejhorsi progndzu. V predlozené kazuistice popisujeme kardioem-
boliza¢ni cévni mozkovou prihodu z apikalniho aneurysmatu levé srde¢ni komory coby prvni symptom pro-
béhlého infarktu myokardu vedouci k vyhledani Iékaiské pomoci. V navazujicim stru¢ném prehledu litera-
tury dale diskutujeme hlavni rizikové faktory, diagnosticky algoritmus, antikoagulacni strategii a prognézu
poinfarktového kardioemboliza¢niho iktu.

© 2019, CKS.

ABSTRACT

Despite tremendous achievements in myocardial infarction therapy, thromboembolic complications remain
very serious and its prognosis often fatal. Postinfarction cardioembolic stroke is the most frequent and has
the highest mortality of all ischemic stroke subtypes. In this case report we describe cardioembolic stroke
from postinfarction apical left ventricular aneurysm as a first symptom of myocardial infarction. In brief
literature overview we discuss main risk factors and prognosis, diagnostic algorithm and anticoagulation

Postinfarction complications strategy.

Introduction

Heart diseases in general are major risk factors for stro-
ke following age and hypertension.’ Despite the fact that
mortality caused by acute myocardial infarction (MI) has
decreased since percutaneous coronary intervention (PCl)
has become standard of care, postinfarction complica-
tions still lead to morbidity and mortality in large number
of patients. One of the most feared Ml complications is
the occurrence of thromboembolic event (mostly cerebro-
vascular accidents) due to left ventricular (LV) thrombus
formation in aneurysmatic cavity.? We present a case re-
port of ischemic stroke as the first symptom of MI.

Case report

Fifty-three-year-old man with a medical history of arterial
hypertension and type Il diabetes mellitus was transferred
to emergency department with rapid onset of aphasia.

Three weeks ago the patient had history of respiratory
infect empirically treated with antibiotics. Standardized
admission examination (including ECG) was performed.
The patient was seen by neurologist with finding of acute
ischemic stroke. Native brain CT verifying the clinical su-
spicion was directly performed and atypical multiple hy-
podensities in all cerebral lobi found. Brain magnetic reso-
nance (MRI) demonstrated sequential ischemic strokes in
different cerebral artery territories (Fig. 1). Embolization
was suspected as the most probable mechanism.

Based on recent respiratory infect medical history and
elevated acute inflammatory reactants, infection was
thought to be the most probable emboligenic condition. To
exclude infective endocarditis as a source of embolisation,
cardiologist was contacted and transesophageal echocar-
diography required. Shortly after, upon patient’s medical
history and mainly 12-lead ECG depicting anteroextensive
LV aneurysm (Fig. 2), cardioembolic stroke as a late compli-
cation of ambulatory anterior transmural Ml was started to
be considered as the most probable mechanism. This suspi-
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Fig. 1 - Magnetic resonance image with hypodensities of various
age in different cerebral artery territories.

cion was consequently strengthened by transesophageal
echocardiography (TEE, Fig. 3) finding of apical LV aneu-
rysm with mobile thrombi. Left ventricle ejection fraction
was severely reduced (LV EF 35%). Postinfarction cardio-
embolic stroke origin was further worked out by detailed
medical history gained from patient’s family: three weeks
before the stroke the patient complained for 48 hours last-
ing chest pain with vomiting.

Acetylsalicylic acid and therapeutic dose of enoxapa-
rine was initiated immediately. Follow-up native brain CT
performed during the hospitalization showed diminishing
ischemic brain lesions. Two of these lesions subsequently
underwent hemorrhagic conversion. The dose of antico-
agulation by subcutaneous enoxaparin was lowered af-
ter the hemorrhagic conversion and was continued three
months after the stroke. Control TEE showed full resoluti-
on of intraventricular thrombi. Selective coronarography
was not performed because of organic brain syndrome.
Standard pharmacotherapy including ramipril, bisoprolol,
and rosuvastatin was titrated according to ESC guidelines.
Although transient hemiparesis markedly slowed patien-
t's recovery, he was after twenty-one days of ICU care and
subsequent fifteen days in psychiatric ward dismissed home.
However, he remained moderately disabled in usual daily
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Fig. 3 - Transoesophageal echocardiography depicting left ventricu-
lar thrombus in apical aneurysm.

Fig. 2 - 12-lead ECG with anteroextensive left ventricular aneurysm
pattern.

activities by moderate dementia impairment (mRS — Modi-
fied Rankin Scale for Neurological Disabilities = 3, MMSE —
Mini-Mental State Examination = 12 points out of 30).

Discussion

Generally, cardioembolic ischemic strokes are frequent
and their prognosis is often fatal. In total, as reviewed
by Arboix et Alio,* cardioembolic ischemic strokes cause
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14-30% of all ischemic strokes and have the highest in-
-hospital mortality up to 26%. Their clinical presentation
is characterized by sudden neurological deficits maximal
at onset due to abrupt blood flow interruption.* Non-
-cardioembolic strokes can appear with sudden deficits
in two-fifths of cases.> Rapid regression of symptoms re-
flecting early recanalization has also been related to car-
dioembolic stroke.® Some neurological syndromes such
as receptive aphasia, global aphasia without hemipare-
sis, Wallenberg’s syndrome, and cerebellar infarcts have
been commonly associated with cardiac embolism. Visual
field abnormalities, neglect syndrome and aphasia are cli-
nical deficits more frequent in cardioembolic stroke. Neu-
roimaging findings that support cardioembolic stroke
include simultaneous or sequential strokes in different
arterial territories.” The presence of a potential major car-
diac source of embolism in the absence of significant ar-
terial disease remains the mainstay of clinical diagnosis of
cardioembolic cerebral infarction. In many patients their
history, physical examination, and routine diagnostic
tests (electrocardiogram and findings on neuroimaging
studies) are sufficient to make the diagnosis of most pre-
sumed cardiac emboligenic condition (atrial fibrillation,
recent MI, heart failure).?

Postinfarction cardioembolic stroke represents
a pathogenic mechanism which joins together two of
the most frequent and most feared cardiovascular di-
seases, M| and stroke. Since there are various potential
mechanisms of cardioembolic stroke including atrial fib-
rillation, infective endocarditis or paradoxical embolism,
no simple test to detect postinfarction cardioembolic
stroke exists.

Correct diagnosis is based on stroke clinical characteris-
tics (sudden onset, type of neurological deficits, potential
rapid regression) and neuroimaging results. For cardiolo-
gist are most important patient’s medical history, 12-lead
ECG and transthoracic echocardiography (TTE) or TEE re-
sults.

In FRAMI study, postinfarction cardioembolic stroke
with CT-verified cerebral ischemia was found in 1% of
patients after anterior Ml treated with system fibrinoly-
sis.? As in our times primary PCl is the preferred reperfu-
sion strategy and most papers about this topic have been
published in fibrinolytic era, only little is known about
contemporary postinfarction cardioembolic stroke pre-
valence. PCl-related cardioembolic stroke is infrequent,
but serious post-PCl complication with significantly more
complications than control group.™ Post-procedure car-
dioembolic stroke is the most frequent stroke type shortly
after CABG, where overall postprocedure stroke inciden-
ce is about 4%." Late ischemic stroke after Ml may be
often a direct consequence of the sequelae of Ml due to
LV thrombus formation in aneurysmatic cavity.? Higher
Killip class and significantly higher cardiospecific enzymes
are related to LV thrombus formation.'? More than one
half of cardioembolic Ml occurs before the fifth day after
ML."* Age, male gender, hypercholesterolemia and clau-
dication were identified as independent risk factors for
cardioembolic stroke after MI.'* Mobile thrombi demon-
strate significantly higher embolization potential than
sedentary ones.' LV aneurysm or dyskinesia was proven
to increase the risk of ischemic stroke.'®'” Early LV throm-

bus development has been identified as an independent
mortality predictor for patients with acute anterior Ml
treated with systemic thrombolytic therapy.'®

TEE provides a valuable tool for diagnosis of cardioem-
bolic stroke increasing the likelihood of identifying a sour-
ce of stroke by two- to fourfold probability compared with
transthoracic echocardiography (TTE)."” TEE also appears
to be superior upon cardiac magnetic resonance (CMR) in
finding potential sources of cardioembolism.?® According
to recent studies, reduced LV EF has been identified as
a predictor of mortality in ischemic stroke patients.?'-23

Our case report illustrates typical features of postin-
farction cardioembolic stroke mechanisms in cardiovascu-
lar as good as neurological aspects. When described and
discussed as a case report, all diagnostic steps mentioned
above might seem to be easy and logical. Nevertheless,
correct diagnosis in our patient was found 48 hours after
the first medical contact. Apparently, such a long time
could and probably should be reduced. Cardioembolic
etiology of ischemic cerebral stroke has been identified as
the most frequent one by Kolomincky-Rabas et al.?* and
Krdl et al.? It is most often a neurologist, who is in our
hospital emergency system called to the stroke patient
first. As favors in present paper,? patients with current
clinical diagnosis of stroke/TIA could be divided with sig-
nificant level of accuracy into presumed cardioembolic
or non-cardioembolic group just by clinical judgement
of neurologist without further cardiological assessment.
Cardiologist should be contacted immediately after such
empiric division. This proactive attitude of neurologists
could fasten diagnostic process and direct to appropriate
diagnosis earlier.

Anticoagulation with warfarin for three months after
ischemic stroke/TIA in the settings of acute MI with detec-
table LV mural thrombus is recommended according to
AHA/ASA guidelines (recommendation class |, level of evi-
dence C). Anticoagulation should be considered also for
patients with ischemic stroke/TIA in the settings of acute
anterior Ml without mural thrombus but with detected
anterior apical akinesis or dyskinesis (recommendation
class llb, level of evidence C).#” There is ongoing discus-
sion over optimal anticoagulation treatment of patients
with postinfarction intraventricular thrombi. Whereas
prophylactic anticoagulation failed to reduce left ventri-
cular thrombus formation during subacute phase of MI?®
and according some data chronic anticoagulation failed
to reduce long-term LV thrombi formation rate,” long-
-term anticoagulation therapy still remains the cornersto-
ne in therapy and cardioembolic stroke prevention when
thrombus in postinfarction LV aneurysm appears.?® When
acute MI was treated just with acetylsalicylic acid (ASA)
plus fibrinolysis with streptokinase (without anticoagu-
lation), no significant difference in LV thrombus forma-
tion rate between fibrinolysis and non-fibrinolysis group
was found.?® In FRAMI study,® subcutaneous dalteparin +
ASA significantly reduced LV thrombus formation rate.
As stated in 6, statistically significant difference in em-
bolic event rate between long-term anticoagulated and
non-anticoagulated group of patients with LV thrombus
after Ml treated with fibrinolysis was found. Low molecu-
lar heparins (LMWH) were recommended for long-term
anticoagulation in patients with postinfarction LV throm-
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bus despite their usage was connected with hemorrhagic
complications.? In a randomized open multicenter study
WARIS Il comparing three tactics in secondary preven-
tion after MI?' — single warfarin anticoagulation (with
INR 2.8 to 4.2), antiagregation with ASA (160 mg daily)
and combination therapy (ASA 75 mg daily + warfarin to
INR 2.0-2.5), significantly lower primary endpoint rate
(death, non-fatal reinfarction, thromboembolic cerebral
stroke) between both groups using warfarin in compari-
son with ASA-only group was found. In the same study,
major nonfatal bleeding rate was significantly higher in
both groups using warfarin. Non-vitamin K antagonist
oral anticoagulants (NOACs — dabigatran, rivaroxaban
and apixaban) or LMWH anticoagulation for 3 months
may be considered in patients with ischemic stroke in the
settings of acute MI complicated with LV mural thrombus
formation or anterior or apical wall motion abnormali-
ties in case of warfarin intolerance or non-hemorrhagic
adverse events according to AHA/ASA guidelines?” (reco-
mmendation class llb, level of evidence C). NOAGs signifi-
cantly decreased the severity of cardioembolic stroke on
admission and patient group treated with them showed
better functional outcome in a single-center observa-
tional study focused on non-valvular atrial fibrillation
(NVAF) cardioembolic ischemic stroke.*? In observational
study,® NOACs were identified to reduce the severity of
NVAF cardioembolic stroke and patient group treated
with NOACs demonstrated better functional outcome
than not-anticoagulated and warfarin low-anticoagula-
ted group. According to contemporary AHA/ASA stroke
prevention guidelines,?” NOAC therapy may be conside-
red for patient described in this case report above just in
case of warfarin intolerance because of non-hemorrhagic
adverse events. Level of evidence for this recommenda-
tion is low (C-consensus of experts).

From two alternatives of anticoagulation described
above (warfarin taken orally versus LMWH taken subcuta-
neously) we have chosen the subcutaneous one. This was
done upon clinical decision because of patient’s modera-
te dementia impairment and better control of subcuta-
neous treatment. In case report described, intraventricu-
lar thrombi disappeared when subcutaneous enoxaparin
treatment was initiated. Nevertheless, as mentioned
above, two of ischemic brain lesions subsequently under-
went hemorrhagic transformation.

Third anticoagulation possibility — peroral therapy
with NOACs was not used primarily because of way of
administration (inability to swallow) and secondary be-
cause only little is contemporarily known about the role
of NOAGs in secondary postinfarction cardioembolic
stroke prevention.

As depicted in case reports described in '¢, prophylactic
systemic fibrinolysis of postinfarction LV mobile thrombi,
although effective, led to serious secondary cardioembo-
lic complications and is connected with at least one fatal
cardioembolic stroke.

Conclusion

Postinfarction cardioembolic stroke remains one of the
most dangerous postinfarction complication with high

mortality and serious morbidity. Its contemporary preva-
lence is presumably underestimated. Correct diagnosis is
based on detailed medical history, ECG, TTE/TEE and neu-
roimaging results. Diagnostic process is often complica-
ted and slower than optimal. Long-term anticoagulation
should be used in stroke secondary prevention in patients
with LV intraventricular thrombus or LV motion abnor-
malities.
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Ebsteinova anomdlie (EA) je vzdcnd vrozena srdecni vada, charakterizovana zménou polohy trojcipé
chlopné posunuté smérem k hrotu pravé komory (PK); jejim doprovodnym znakem je obvykle nedomykavost
chlopné. Zatimco jeji zavazné formy s extrémné dilatovanou funkéni PK a Gtlakem levych srde¢nich oddilt
vedou k rozvoji tézkého srdecniho selhani v nizkém véku a — v nékterych pripadech — dokonce jiz prenatalné,
mohou se osoby s mirnou EA dozit vysokého véku, aniz by byla tato vada diagnostikovéna. Popisujeme pfi-
pad pacienta s mirnéjsi formou EA a prispévkem dysplazie, u néhoz bylo toto onemocnéni zjisténo az v sed-
mém decenniu, kdy u néj doslo k rozvoji srdecniho selhani doprovazeného vyznamnou regurgitaci trojcipé
chlopné. Po nahradé trojcipé chlopné biologickou protézou a uzavéru defektu mezisirové prepazky doslo
k vyznamnému zlepseni funkce PK a Ustupu pacientovych obtizi.

© 2019, CKS.

ABSTRACT

Ebstein’s anomaly (EA) is a rare congenital heart defect, characterized by an anomalous tricuspid valve displaced
towards the apex of the right ventricle (RV); it is usually accompanied by regurgitation. While its severe forms
with an extremely dilated functional RV and oppression of the left heart chambers result in the development of
severe heart failure at a young age and, in some cases, even prenatally, patients with mild EA may live until old
age with the condition unrecognized. We present the case of a patient with a milder form of EA and a contribu-
tion of dysplasia, with the disease undiagnosed until his eighties when he developed heart failure accompanied
by significant tricuspid regurgitation. Tricuspid valve replacement with a bioprosthesis and atrial septal defect
occlusion were followed by significant improvement of RV function and remission of the patient’s problems.

Introduction

Although mainly the domain of pediatric cardiology, con-
genital heart disease (CHD) is increasingly more often diag-
nosed in adult patients. These may include both individuals
surviving to adulthood thanks to improved therapeutic op-
tions and patients not presenting with CHD until adulthood
because of its mild form. Ebstein’s anomaly (EA) is a rare CHD
accounting for less than 1% of all CHDs." It develops due to
disturbed delamination of tricuspid valve leaflets from the
right ventricular myocardium. The basal segments of the
posterior and septal leaflets remain attached to the myocar-
dium suggesting their apical displacement.? Further, the an-
terior leaflet is usually elongated, perforated, with accessory
chordae. As a result, leaflet coaptation and functional tricu-
spid valve annulus are displaced high towards the right ven-
tricular apex.? Small displacement of the tricuspid valve an-
nulus is physiological; a diagnostic criterion in EA is tricuspid
valve annulus displacement (apical displacement index) > 8

mm/m? of body surface area relative to the mitral valve an-
nulus.? The resultant functional RV dilatation and oppression
of the other cardiac chambers are suggestive of the severity
of the condition. While echocardiographic assessment of the
ratio of the right atrium (RA) area to that of the remaining
cardiac chambers is the basis of the Celermajer index* (whe-
re grade 1 is the mildest form), the four-grade classification
proposed by Carpentier® (with type A denoting the mildest
form) includes evaluation of RA and RV sizes; additionally,
the classification takes into account the tricuspid valve leaf-
let morphology and mobility. Treatment of significant forms
of EA is surgical, with valve-sparing surgery preferred. Right
atrial reduction by transverse plication of its free wall and
construction of a monocuspid valve were performed by Da-
nielson in 1972;® however, the technique was not applica-
ble to all morphological variants of EA. A revolution in the
treatment of EA came with the technique of cone tricuspid
valve reconstruction according to Da Silva; the procedure
can be performed with very low morbidity and mortality
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rates.” The procedure, generally based on Carpentier’s tech-
nique, consists in mobilization and reposition of tricuspid
valve leaflets to form a cone, with the size of the atrialized
RV reduced by longitudinal plication. In cases where recon-
struction is unfeasible, the tricuspid valve can be replaced by
a bioprosthesis; this procedure is undertaken particularly in
elderly patients.?? In patients with a small and dysfunctional
RV, the ventricle can be unloaded by creating a bidirectio-
nal cavopulmonary conduit (BCPA) deriving venous return
from the superior vena cava right to the pulmonary artery;
alternatives include total cavopulmonary conduit (TCPC) or
heart transplantation.' The time to disease presentation is
dependent on its severity. Severe disease presents as early as
the period of fetal development or early after birth and, not
exceptionally, the patient does not survive until adulthood.*
On the other hand, there have been reports of patients sur-
viving to old age with the defect unrecognized." Below is
the case report of a patient with mild EA and a contribution
of dysplasia, in whom the defect did not manifest itself until
he was in his eighties.

Case report

A 73-year-old man with EA was referred to our center for
progressively deteriorating dyspnea. The patient was not

Fig. 1 - Apical displacement of a functional tricuspid annulus by
22 mm (i.e. 11.2 mm/m?) relative the mitral annulus.

limited by the condition throughout his lifetime; he led an
active life practicing sports and working, prior to retirement,
as a foreman in a foundry. In 2003, he experienced non-ST
elevation myocardial infarction managed conservatively.
Subsequently, he was on follow-up by a cardiologist and the
diagnosis of EA was established. Given the mild form of his
condition, the patient continued to be on follow-up only. In
April 2014, he had selective coronary angiography because
of exertional chest pain; the procedure identified 30-40%
stenosis of the left anterior descending artery, 40% stenosis
of the circumflex branch of the left coronary artery, 30-40%
stenosis of the right coronary artery, and chronic occlusion
of the right posterolateral branch, all managed conservative-
ly. In the same year, the patient had an electrophysiological
study because of focal atrial tachycardia; however, no acces-
sory atrioventricular pathways or arrhythmogenic substrate
eligible for radiofrequency ablation were identified. In early
autumn 2015, his dyspnea began to deteriorate to be experi-
enced by the patient after walking several dozen meters on
a flat surface. At the same time, the patient complained of
markedly deteriorated angina, which was why he was refer-
red to our center to undergo comprehensive assessment. In
addition to his cardiac diagnoses, the patient was receiving
treatment for chronic obstructive pulmonary disease, hyper-
tension, hyperlipoproteinemia, and hyperuricemia.

Echocardiography revealed elongation of tricuspid val-
ve leaflets bound to RV walls by accessory chordae, api-
cal displacement of a functional tricuspid valve annulus
by 22 mm relative to the mitral valve annulus and apical
displacement of leaflet coaptation (Fig. 1) with massive
tricuspid regurgitation (Fig. 2A). The right heart cham-
bers were significantly dilated (Fig. 3A) oppressing left
heart chambers (Fig. 3C). Using the Celermajer index, the
patient had EA grade 2 or type A according to Carpen-
tier’s classification (Fig. 4).

To objectivize the dyspnea, the patient under-
took 6-minute walking test (6MWT) covering 317 m and
showing significantly decreased peripheral oxygen satu-
ration, from 90% to 77%. Additionally, the patient expe-
rienced angina attacks resolving once the test was discon-
tinued and sublingual nitroglycerin administered.

To make the assessment complete, the patient had re-
peat coronary angiography with a stationary finding on
the coronary arteries, no progression since the previous

Fig. 2 - Tricuspid regurgitation. (A) Massive jet prior to surgery. (B) Small jet after tricuspid valve replacement.
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Fig. 3 - Heart chambers before and after surgery. (A) Markedly dilated right ventricle (baseline diameter, 65 mm), oppressed left ventricle,
prior to surgery, apical projection. (B) Reduced right ventricle (baseline diameter, 49 mm) and resolution of oppression of left heart chambers
after tricuspid valve replacement, apical projection. (C) Right ventricular dilatation and left ventricular oppression prior to surgery, parasternal
projection, long axis. (D) Reduction of the right ventricle and enlargement of the left ventricle after surgery, parasternal projection, long axis.

examination and, as documented by right-heart cathete-
rization, absence of pulmonary hypertension.

Given the symptoms and significant regurgitation, the
patient was indicated for tricuspid valve replacement. The
cardiac surgical procedure revealed tricuspid valve septal
leaflet displacement to the RV, anomalous papillary muscles,
and anterior tricuspid cusp calcification. This was managed
by excision of almost the entire valve followed by bio-
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Fig. 4 - Celermajer index of EA, apical projection, end-diastole. The
ratio of the right atrial area to that of the other heart chambers is
0.7, which corresponds to grade 2.

prosthetic valve (EL Perimount 33, St Jude Medical, St. Paul,
MN, USA) implantation. The atrial septal defect was closed
using continuous suture. In the postoperative course, the
patient developed persistent complete AV block managed
by pacemaker implantation from mini-thoracotomy by im-
planting an epicardial lead above the RV outflow tract.
The procedure was followed by significantly improved
exercise capacity of the patient, resolution of the dyspnea
(to NYHA I-1), longer distance covered in 6MWT (424 m, i.e.,
increase by 34%) without exertion-related desaturation.
The patient no longer experienced any chest pain while his
resting oxygen saturation normalized (from 90 to 99%). Fol-
low-up echocardiography documented resolving regurgita-
tion (Fig. 2B), appreciable RV reduction (Figs 3B, 3D) though
with persisting mild systolic dysfunction, and a reduced RA.
Most importantly though, the size and certainly also the
output of left heart chambers were increasing (Figs 3B, 3D).

Discussion

In patients with EA surviving to retirement age without the
defect manifesting itself, the condition is a mild form with
a good.* Using both the Celermajer index, and Carpentier
classification, our patient had mild EA. The tricuspid valve
was also dysplastic. Tricuspid valve dysplasia is characteri-
zed by nodular thickening of the leaflets or their focal de-
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fects, the chordae may be involved as well. Some patients
may show a dilated tricuspid annulus. However, in contrast
to EA, pure dysplasia is not associated with leaflet apical
displacement towards the RV.? Despite the mild form of
the defect, the originally insignificant regurgitation in
a territory exposed to such mechanical stress evolved into
a severe defect. Permanent volume overload of the right
heart chambers resulted in their dilatation, oppression of
left heart chambers, and development of heart failure. Be-
cause of massive tricuspid regurgitation, RA pressure was
higher than that in the left atrium which, in the presence
of atrial septal defect, resulted in a right-to-left shunt and
resting desaturation deteriorating on exertion.

Based on the echocardiographic finding and symptoms,
surgery was indicated, a standard policy in patients with
more severe-than-moderate tricuspid regurgitation and
symptoms including class Il and IV NYHA dyspnea, arrhyth-
mia or deteriorated functional capacity on exercise testing.
Further, surgery should also be considered in patients ex-
periencing progressive dilatation of right heart chambers
or deteriorating RV function irrespective of symptoms.
Because of the significant dysplasia of the thickened and
calcified anterior tricuspid valve leaflet, the generally pre-
ferred sparing procedure could not be undertaken;™ in
these cases, the technique currently considered the pro-
cedure of the first choice is that developed by Da Silva.
The patient had his valve replaced by a bioprosthesis. Valve
repair using a bioprosthesis is performed, with excellent
outcomes, particularly in elderly EA patients; given their
life expectancy, need for re-do surgery for valve degenera-
tion is not a concern while shorter surgical time is another
plus of bioprosthesis implantation. Mechanical valve im-
plantation is not recommended because of the high risk of
thrombus formation in the low-pressure right-side vascular
territory.' Interatrial septal defects are associated with EA
in up to 80% of cases; among other things, they may also
be associated with paradoxical embolism.™ The indication
in patients scheduled for surgery is occlusion.

The coronary artery involvement was not hemodyna-
mically significant and a revascularization procedure was
not indicated. The patient was presumably developing
exertional angina secondary to heart failure; this was
confirmed by the angina resolving once the defect had
been corrected although a revascularization procedure
had not been performed. A third-grade AV block as a po-
tential and frequent complication following treatment of
EA, can be managed by pacemaker implantation.™

Right atrial dilatation and RV dysfunction create ar-
rhythmogenic substrate for the development of various
forms of supraventricular and ventricular arrhythmias,
which occur commonly in EA and which may be, espe-
cially in elderly patients, the first disease manifestation.*
As a rule, it is critical to search for pre-excitation signs
as accessory pathways are present in up to 29% of EA
patients.’® These pathways give rise to AV reentry tachy-
cardias and are particularly dangerous because of the po-
tential for rapid impulse conduction from the atrium to
the ventricle when atrial fibrillation or flutter develop.
Radiofrequency ablation of supraventricular arrhythmias
in the presence of EA is associated with poorer outcomes
than in patients with a healthy heart; in addition, recur-
rence is more common."

Conclusion

Our case report shows that while CHD may have a dra-
matic presentation at a very advanced age, it can be suc-
cessfully managed. Complex CHDs such as EA are to be
treated at specialized centers.
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Kontext: Terminem stresova (takotsubo) kardiomyopatie se oznacuje prechodna dysfunkce levé komory
s poruchou kinetiky jeji stény; tento stav pfipomind infarkt myokardu bez akutni formy ischemické choroby
srdecni. | kdyz patofyziologie tohoto postizeni zatim nebyla zcela objasnéna, bylo jiz publikovano nékolik
rtznych hypotéz. Popisujeme pripad stresové kardiomyopatie u 18letého muze vyvolané nékolika faktory.
Kazuistika: Dosud zdravy 18lety mladik plvodem ze severni Afriky byl dopraven na oddéleni akutnich pfi-
jmu pro otravu beta-blokatorem (propranololem). Fyzikalni vySetieni prokdzalo zndmky obéhového selhani
s poruchou prevodu srde¢nich vzruchl. Po tekutinové vyzvé a infuzi adrenalinu se pacienttv hemodyna-
micky stav stabilizoval. Druhy den hospitalizace doslo u pacienta k rozvoji bolesti na hrudi a dyspnoe. Elek-
trokardiogram prokdzal anterolateralni elevaci useku ST pti zvy$enych hodnotéch troponinu na 8,4 ng/ml.
Transthorakalni echokardiografie odhalila snizenou ejek¢ni frakei levé komory (40 %) a akinezi apikéalniho
segmentu. Pfi urgentné provedené koronarni angiografii nebylo zjisténo postizeni koronarnich tepen; ven-
trikulografie prokazala apikalni balonkovy syndrom se zachovanymi bazélnimi kontrakcemi; nasledné byla
stanovena diagnoza stresové kardiomyopatie. Po podpUrné Iécbé se pacientdv hemodynamicky stav zlepsil.
Vysledkem bylo UpIné vymizeni symptomd a normalizace funkce levé komory.
Diskuse a zavéry: Lze tedy uzavfit, ze v tomto pripadé doslo k rozvoji stresové kardiomyopatie pravdépo-
dobné pusobenim tfi faktorl: emocionalniho stresu, infuze adrenalinu a otravy beta-blokatorem. Lékati si
museji byt védomi moznych iatrogennich spoustécli tohoto postizeni, zvlasté skodlivych ucinkd katechola-
minu na funkci srdce a/nebo otravu kardiotoxickymi latkami.

© 2019, CKS.

ABSTRACT

Background: Takotsubo cardiomyopathy is a transient left ventricular dysfunction with wall-motion abnor-
malities which mimics myocardial infarction without acute coronary disease. Physiopathology of this entity
remains unclear and different hypotheses are given. We present a case of a multifactor induced takutsubo
cardiomyopathy in a young 18-year-old man.

Case presentation: A previously healthy 18-year-old North African male presented to the emergency de-
partment for beta-blocker poisoning (propranolol). Physical examination revealed signs of circulatory failure
with cardiac conduction disturbances. The patient’s hemodynamic status stabilized after fluid challenge
and ephedrine infusion. On second day of hospitalization, the patient developed chest pain and dyspnea.
Electrocardiogram showed an anterolateral ST segment elevation and troponin was elevated at 8.4 ng/ml.
Transthoracic echocardiography revealed a reduced left ventricular ejection fraction (40%) and apical aki-
nesia. An urgent coronarography revealed normal coronary arteries and ventriculography showed apical
ballooning with preserved basal contraction. The diagnosis of Takotsubo cardiomyopathy was made. Sup-
portive therapy allowed hemodynamic improvement. The outcome was favorable with complete resolution
of symptoms and normalization of left ventricular function.

Discussion and conclusions: In conclusion, Takotsubo cardiomyopathy was probably triggered in the present
case by the association of three etiologies: emotional stress, epinephrine infusion and beta-blocker poison-
ing. Physicians should be aware of possible iatrogenic triggers of this disease, especially the harmful effects
of catecholamine on heart function and/or poisoning with cardiotoxic drugs.

Address: Ass. Prof. Majdi Omri, MD, Emergency Medical Service, Sahloul University Hospital, Faculty of Medicine Ibn El Jazzar of Sousse, SAMU 03, CHU Sahloul,
Route de la ceinture, 4054 Sousse, Tunisia, e-mail: majdiomri82@gmail.com
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Please cite this article as: Azouzi A, Omri M, Kraiem H, et al. latrogenic epinephrine-induced Takotsubo cardiomyopathy in beta-blocker poisoning: case report. Cor Vasa 2019;61:

e319-e322.
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Background

Takotsubo cardiomyopathy (TTC) is a particular reversible
left ventricular (LV) dysfunction with wall-motion abnor-
malities which mimics an acute coronary syndrome (ACS) in
the absence of occlusive coronary artery disease. The sha-
pe of LV looks like a takotsubo which is a Japanese fishing
pot used for trapping octopuses.' This cardiomyopathy
is also called “Broken-heart syndrome” or LV balloon-
ing syndrome or stress cardiomyopathy.?

Knowledge about TTC had improved in the last de-
cades but pathophysiology of this clinical entity and its
different mechanisms remain unclear. One of the most
plausible and sustained physiopathological theories is
that this cardiomyopathy is the consequence of catecho-
lamine’s increase levels. By adrenergic induced way, many
clinical situations were associated with TTC such as psy-
chological or physical severe stress, administration of ca-
techolamine used for hemodynamic stabilization or seve-
ral drugs acting directly or indirectly as adrenergic agents
especially in case of poisoning.’

In this paper, we present a case of a multifactor in-
duced Takotsubo cardiomyopathy in a young 18-year-old
man with no previous history of cardiac disease.

Case presentation

A previously healthy 18-year-old North African male pre-
sented to the emergency room, 2 h after ingestion of 5 600
mg of acebutolol in autolytic attempt. Physical examina-
tion revealed an altered neurologic status with confusi-
on and anxiety (Glasgow Coma Scale of 14/15) and a low
blood pressure (BP) at 70/40 mmHg. His heart rate (HR)
was 70 beats per minute (bpm) and oxygen saturation was
98%. He had no respiratory distress or signs of peripheral
hypoperfusion. Glycaemia and serum potassium level were
normal. An electrocardiogram (ECG) showed sinus rhythm
and conduction disturbances (first-degree atrioventricular
block and left bundle branch block [BBB]).

The patient received fluid loading (700 ml of isotonic
saline solution) and continuous intravenous infusion of
epinephrine via central venous line with the initial dose

Fig. 1 - Coronarography showing normal coronary arteries.

of 0.08 pg/kg/min, increased subsequently to 0.14 pg/kg/
min in order to stabilize hemodynamic status. In addition,
3 mg of glucagon and 100 ml of semi molar sodium bicar-
bonate were administered intravenously. Neither gastric
lavage nor activated charcoal were used.

Stabilization was achieved 2 h later (BP 110/70 mmHg,
HR 65 bpm) and the patient was transferred to the inten-
sive care unit (ICU).

On the third day of ICU stay, while still receiving the
same dose of epinephrine, the patient complained of
a retrosternal chest pain and dyspnea. Crackles were
auscultated. ECG showed sinus rhythm with frequent pre-
mature ventricular complex, complete left BBB and sig-
ns of myocardial injury: significant ST segment elevation
in anterolateral wall and reciprocal change in the other
leads. Dysrhythmias were spontaneously reduced within
5 min. Troponin | level increased to 8.4 ng/ml at one hour
(15.6 ng/ml and 10.22 ng/ml respectively at 3 and 10 h
from chest pain onset).

Fig. 2 - (A) End-diastole left ventriculogram in anterior oblique projection illustrating api-
cal akinesis (ballooning). (B) End-systole left ventriculogram in anterior oblique projection
illustrating apical akinesis (ballooning).
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Transthoracic echocardiography showed a non-dilated
LV with decreased left ventricular ejection fraction (LVEF)
estimated at 40% caused by apical akinesia, without hy-
perdynamic basal contraction. The patient underwent ur-
gent cardiac catheterization which showed normal and
permeable coronary arteries (Fig. 1) while ventriculogra-
phy revealed apical akinesia (Fig. 2A and 2B). The diagno-
sis of TTC was highly suspected.

Non-invasive ventilation for 48 h, diuretics and epine-
phrine infusion allowed hemodynamic improvement and
successful weaning from catecholamine at day 5 of drug-
-ingestion. The outcome was favorable and the control
echocardiogram at day 9 confirmed the recovery of LV
function (LVEF 78%) with normal wall motion and absen-
ce of dilatation. The patient was discharged from hospital
after 10 days of hospitalization.

Discussion

Takotsubo cardiomyopathy is a particular acute and tran-
sient systolic and diastolic LV dysfunction with variety of
wall-motion abnormalities which mimics an ACS (chest
pain, electrocardiographic changes and elevated cardiac
biomarkers levels) in the absence of occlusive coronary
artery disease." Typically, the echocardiography shows hy-
pokinesis or akinesis of the mid and apical segments of
the left ventricle with sparing of the basal systolic func-
tion. It is almost seen in postmenopausal women. Its in-
cidence is unknown due to its novel nature and varied
presentation. It is estimated that approximately 1-2% of
all patients presenting an acute myocardial infarction has
TTC.?

This entity was first reported by Dote et al. in 1983
then individualized in Japanese population in 1991. It
was called “Tako-Tsubo cardiomyopathy”, because the
peculiar shape on end-systolic left ventriculogram looks
like a tako-tsubo (the octopus trapping pot with a round
bottom and narrow neck). The typical TTC is also called
the LV apical ballooning syndrome.34

The Mayo Clinic diagnostic criteria, based on expert
consensus opinion were proposed in 2004 and revised in
2008. They are practically applied at admission set and
should be widely used in both clinical practice and re-
search field (Table 1).4

Table 1 - Mayo Clinic Criteria for TTC diagnosis (modified in 2008)*

—

. Transient LV wall motion abnormalities extending beyond
a single epicardial vascular distribution. A stressful trigger is
often, but not always present.

Optional criteria: abnormalities involving apical and/or mid-
ventricular myocardial segments.

2. Evidence of ischemia/myonecrosis: new and dynamic ST-seg-
ment deviation, T-wave inversion or left BBB.
Optional criteria: mild or modest increase in cardiac biomarkers

3. Exclusions of:

a. Potential coronary culprit (e.g., stenosis, evidence of
plaque rupture, dissection, thrombosis or spasm)

b. Pheochromocytoma

¢. Myocarditis

All criteria must be met.

The LV dysfunction and the wall motion abnormali-
ties are transient and generally resolved within days to
weeks after initial presentation. The prognosis is general-
ly favorable except isolated cases of death due to clinical
complication such as left heart failure, cardiogenic shock,
arrhythmia and valvular disease.®

Various triggers for TTC are described in the literatu-
re; the common etiologic feature is occurrence of seve-
re psychological or physical stress which lead to surge
in catecholamine’s levels. At the normal physiological
range, epinephrine results in a positive inotropic re-
sponse in cardiomyocytes. At higher and supraphysio-
logical concentrations, this condition results in cardiac
dysfunction including epicardial spasm, microvascular
dysfunction, hyperdynamic contractility and negative
inotropic effect on myocyte contraction.® In an animal
study, the exposure of rats to emotional stress induced
a ventricular hypocontraction via activation of cardiac
adrenoceptors. The administration of beta-blocker pre-
vents this effect.’

The morphologic features and regional difference in
TTC are explained by a higher sensitivity and greater con-
tractile response to circulating catecholamine challenge
in the apical myocardium than in the basal myocardi-
um related to different density of beta-adrenoreceptors
which decrease from base to apex.5

In the present case, psychiatric condition and emotional
stress, subsequent to suicide attempt and ICU admission,
were certainly a precipitating factor for TTC but the mo-
ment of presentation (24 h later) suggest intervention of
other factors. Indeed, the close temporal association with
epinephrine infusion and beta-blocker poisoning sug-
gest a causal relationship between these factors and TTC
in our patient.

Epinephrine is a life-saving medication but its use ex-
poses to possible severe adverse effects. Adrenaline in-
fusion is an iatrogenic inducing factor for TTC which was
already reported in the literature. Several cases provided
evidence that iatrogenic catecholamine administration,
especially epinephrine, at therapeutic and supra-thera-
peutic doses, can be the trigger factor of TTC by inducing
coronary spasm and/or direct myocardial stunning.® 41
cases of cardiomyopathies induced by exogenous cate-
cholamines were reported.® These TTC occurred mostly in
young and female patients who received intravenously
epinephrine at doses often used in routine clinical practi-
ce. Prognosis was generally good and recovery was com-
plete in most of cases.

The present case was admitted in ICU for beta-block-
er poisoning which probably have synergistic effect with
epinephrine rise levels (from both endogenous and exo-
genous origin). Among the broad family of beta-blockers,
acebutolol is a cardioselective with intrinsic sympatho-
mimetic activity and membrane stabilizing effect. The
peak plasma is obtained between 2-3 h and the overdose
appears 20-60 min after ingestion. First hepatic passage
has a moderate effect and allows its transformation into
active metabolites (diacetolol) which prolongs global
action’s duration. The half-life of acebutolol is 7 h and
that of the diacetolol is longer. In case of poisoning, a de-
crease in hepatic metabolism and biliary and renal eli-
mination have been described. It is secondary to hepatic
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microsomal saturation and hemodynamic complications
which decrease hepatic and renal blood flow."*"

Time of TTC's occurrence suggest that gradual atte-
nuation of the beta-blocking effect of toxic poisoning
has allowed recuperation of the sensitivity of adrener-
gic receptors and at consequence a higher impact of
catecholamine systemic perfusion on cardiac function.
The occurrence of TTC in poisoned patients has already
been reported but remains rare. It was associated to
several clinical situations in poisoning patients such as
drug withdrawal and poisoning with direct or non-di-
rect sympathomimetic drugs. In a retrospective French
study, the incidence of TTC was 0.5% in ICU. Only 5
patients of the 973 poisoning patients included have
met the echocardiographic criteria for TTC diagnosis.
A beta-blocker (propranolol) was identified as a toxic
agent in two cases in which TTC was associated with
severe shock requiring extracorporeal life support. In
different models of multivariate analysis, poisoning
with beta-blockers was associated with the occurren-
ce of TTC. Among the possible suggested hypotheses,
metabolism dysfunctions were advocated as potential
mechanism. Indeed, fatty acid metabolism, which is the
major heart’s source of energy, can be impaired in be-
ta-blocker poisoning.’

Many questions concerning etiology and physiopatho-
logy of TTC remain unanswered. The present case de-
monstrates that TTC can occur even in young poiso-
ning patients with cardiotoxic agents, especially those
needing catecholamine infusion as complementary the-
rapy. In case of cardiac symptoms mimicking ACS, inde-
ed, toxic induced cardiomyopathy itself, clinician should
be aware of possible iatrogenic triggers of TTC especially
harmful effects of catecholamine on heart function. Echo-
cardiography may suggest the TTC diagnosis but can’t
exclude an ACS. Therefore, early coronarography remains
necessary to rule out existing coronary artery disease.'

Conclusions

TTC is a particular acute cardiomyopathy which occurs in
particular circumstances. This entity still underrecognized
and often misdiagnosed. Etiologies and mechanisms re-
main incompletely known. It is important to consider this
diagnosis in ICU patients presenting cardiac symptoms
because of myriad of possible conditions leading to this
disease.

In the present case, TTC was probably triggered by as-
sociation of three factors: intensive emotional distress,
epinephrine infusion for hemodynamic support and be-
ta-blocker poisoning.

Further researches are warranted to understand this
disease and to identify its mechanisms and features in
order to better guide preventive and therapeutic inter-
ventions.
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Oddéleni akutni kardiologie predstavuje tym vysoce specializovanych zdravotnich pracovnikG umoznujici
nepretrzitou péci o pacienty se Sirokym spektrem kardiovaskularnich onemocnéni. Cilem této prace je po-
psat pfipady méné castych arytmii na oddéleni akutni kardiologie, jejich diagnostiku a terapeutické moz-
nosti. Z didaktickych diivod(i tyto arytmie budou rozdéleny na supraventrikularni a komorové tachykardie.
Prezentujeme tii pfipady z redlné praxe.

© 2019, CKS.

ABSTRACT

Acute cardiac care (ACC) is being continuously delivered by healthcare professionals to the patients with

Keywords: a wide spectrum of acute cardiovascular diseases or conditions. The aim of this communication is to demon-
Ablation strate the diagnosis and treatment strategies of less common arrhythmias in the ACC unit. Due to didactic
Acute cardiac care reasons, these arrhythmias will be divided into supraventricular and ventricular. We present three real-life
Ventricular arrhythmia cases.

Introduction an increased risk of sudden cardiac death (SCD). Typical

Acute cardiac care (ACC) is being continuously delivered
by healthcare professionals to the patients with a wide
spectrum of acute cardiovascular diseases or conditi-
ons. The aim of this communication is to demonstrate
the diagnosis and treatment strategies of less common
arrhythmias in the ACC unit. Due to didactic reasons, these
arrhythmias will be divided into supraventricular and ven-
tricular. We present three real-life cases.

Supraventricular tachycardia

Supraventricular tachycardias (SVT) require atrial tissue
for their initiation and maintenance. The specific excep-
tion to this definition is atrioventricular re-entry tachy-
cardia (AVRT) since the impulse travels reciprocally be-
tween atria and ventricles. SVTs are generally benign,
however in specific situations could be associated with

example is atrial fibrillation in the setting of ventricular
preexcitation.'In that case, arrhythmia can be conducted
to the ventricles via accessory pathway with a risk of de-
generation into ventricular fibrillation. Another issue re-
lated to the SVT is tachycardia-induced cardiomyopathy
which can develop in association with any SVT but most
frequently with atrial fibrillation. The distinction be-
tween an SVT and VT based on the surface ECG is crucial
since these arrhythmias have different management and
prognostic impact.

Case 1

65-year-old patient with the previous history of paroxys-
mal atrial fibrillation was admitted to the ACC unit for
dyspnoea and signs of left-sided cardiac decompensation
with elevated serum level of natriuretic peptide BNP of
236 pg/l. Echocardiography was unremarkable.

Address: Predrag Stojadinovi¢, MD, Cardiology Department, Institute for Clinical and Experimental Medicine, Videfiska 1958/9, 140 21 Prague 4,

e-mail: predrag.stojadinovic@gmail.com
DOI: 10.1016/j.crvasa.2018.06.005

Please cite this article as: Stojadinovic P, Kettner J, Kautzner J. The less common arrhythmias in the acute cardiac care unit. Cor Vasa 2019;61:e323—e326.



324

The less common arrhythmias in the ACC unit

ECG on admission

Atrial fibrillation with fast ventricular response of 100-
145 bpm with variable cycle length of pre-excited QRS
complexes and morphology of the right bundle branch
block (so-called preexcited atrial fibrillation) is depicted.
The shortest RR interval is 320 ms, suggesting relative low
conduction properties of presumably left-sided accessory
pathway (Fig. 1). Before planned electrical cardioversion,
a spontaneous restoration of the sinus rhythm occurred.
The patient was scheduled for elective catheter ablation
procedure.
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Fig. 1- Case 1, ECG on admission (description in text).

Discussion

Atrial fibrillation in patients with ventricular preexcitati-
on is potentially life-threatening arrhythmia since rapid
antegrade conduction over the accessory pathway can
trigger ventricular fibrillation. The risk of SCD is not in-
creased in case of concealed accessory pathways which
conduct only retrogradely, from ventricles to atria. It is
estimated that about one-third of patients with ventri-
cular preexcitation have atrial fibrillation. It is believed
that atrial fibrillation is triggered by AVRT which leads
to increase in the left atrial wall stress. Considering the
hemodynamic status and thromboembolic risk it is recom-
mended to perform acute electrical cardioversion for pa-
tients with preexcited atrial fibrillation. Administration
of drugs selectively blocking atrioventricular node (ade-
nosine, verapamil or digoxin) is contraindicated since
they can promote non-decremental conduction over the
accessory pathway and increase the probability of ven-
tricular fibrillation. Radiofrequency catheter ablation of
the accessory pathway is a method of choice in long-term
strategy treatment.

Ventricular tachycardia

Ventricular tachycardia (VT) originates in the ventricles
distally to the His bundle (HB), including myocardial tis-

sue and Purkinje fibres. VTs can be classified according
to different criteria. Prognostic classification differen-
tiates idiopathic VTs and VTs associated with structural
heart disease.? Idiopathic VTs affect younger persons with
structurally normal heart. They are considered benign and
usually of focal origin. On the other hand, VTs in patients
with structural heart disease are potentially malignant or
malignant arrhythmias and predominantly re-entrant in
origin. Re-entry circuit could be multiple and are related
to the presence of the myocardial scar or fibrosis. Cathe-
ter ablation is recommended in symptomatic patients
with idiopathic VTs (often as the first-line treatment with
curative effect) and for recurrent or incessant VTs in the
patients with structural heart disease.?* Catheter ablation
can be a life-saving option in a case of focally triggered
ventricular fibrillation.*

Case 2

31-year-old patient with the history of palpitations and
panic disorder treated with a combination of antipsycho-
tic drugs. The patient had frequent episodes of narrow
QRS complex tachycardia, acutely treated by intravenous
administration of verapamil in the local hospital. It was
considered to be paroxysmal SVT, so the patient was dis-
charged without further evaluation and without recom-
mendation for curative catheter ablation. He was admi-
tted to our ACC unit due to recurrence of palpitations.
Echocardiography was unremarkable.

ECG on admission

Regular, narrow complex tachycardia at the rate of 183
bpm with QRS width below 120 ms and morphology of
the right bundle branch block and left anterior hemi-
block is displayed. AV dissociation is evident in lead Il
(Fig. 2). These findings are consistent with posterior (also
called typical) idiopathic fascicular VT. Sinus rhythm was
restored after intravenous administration of verapamil.
Repolarization abnormalities, apparent during sinus
rhythm, are associated with the atypical electrical acti-
vation of the ventricles during VT, the so-called cardiac
memory. The patient was scheduled for elective catheter
ablation procedure.

Discussion

Fascicular or verapamil-sensitive VT is one of the speci-
fic idiopathic VTs originating in the left ventricle. Its pre-
valence is highly variable according to the geographical
area with the highest rate in the Middle East and Asia. It
is re-entrant arrhythmia utilising tissue of both anterior
and posterior fascicle of the left bundle. Three different
types of fascicular VT are differentiated, depending on
the site and orientation of re-entry circuit.> The most com-
mon type (90-95%) is posterior or typical with an exit
close to the left posterior fascicle and characteristic mor-
phology of RBBB with left axis deviation. Less common
types are anterior (with RBBB morphology and right axis
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Fig. 2 - Case 2, ECG on admission (description in text).

deviation due to the exit close to the left anterior fascicle)
and upper septal type. Fascicular VT has a good long-term
prognosis. Chronic oral treatment with verapamil is less
effective and radiofrequency catheter ablation should be
considered in all symptomatic patients.®

Case 3

73-year-old, chronically dialysed patient with advanced
heart failure due to ischemic cardiomyopathy, with im-
planted CRT-D (cardiac resynchronization therapy device).
He underwent extensive radiofrequency modification of
the arrhythmogenic substrate in the left ventricle in the
past. He was admitted to the ACC unit because of electrical
storm. An apparent trigger of the storm was not identified.

ECG on admission

Wide QRS complex tachycardia at the rate of 154 bpm
with left bundle branch block morphology and narrow

rS complex in precordial leads is displayed (Fig. 3). The
disproportion between very wide QRS complexes and
narrow rS complex suggests the mechanism of bundle
branch re-entry. Antiarrhythmic therapy was ineffective
and an acute electrophysiology study was indicated. Clini-
cal tachycardia was easily induced with re-entrant circuit
incorporating both left (as a retrograde limb) and right
bundle branch (as an antegrade limb). Catheter ablation
at the distal portion of the right bundle was performed,
leaving this particular arrhythmia non-inducible.

Discussion

Bundle branch re-entry VT is a life-threatening arrhyth-
mia characterized by re-entry circuit within the left and
right bundle and adjacent septal myocardium. Typical
surface ECG manifestation of these arrhythmias is left
bundle branch pattern with narrow rS complex in con-
trast to the prominent width of the whole QRS complex.
Less frequently, the impulse can travel in opposite direc-
tion, resulting in right bundle branch block pattern. Bun-
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Fig. 3 - Case 3, ECG on admission (description in text).

dle branch arrhythmia is usually associated with severe
structural heart disease, especially dilated cardiomyo-
pathy and with intraventricular conduction abnormality
or first-degree AV block. Therefore, the outcome of the
patients with bundle branch re-entry is often very poor
due to underlying disease. On the other hand, radio-
frequency catheter ablation of the right bundle is a tre-
atment of choice that prevents arrhythmias occurrence.?®

Conclusion

The above real-life cases demonstrate examples of less
common arrhythmias in the ACC unit and highlight the
importance of differential diagnosis and catheter abla-
tion management of these arrhythmias.
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ABSTRACT

Sleep medicine is a young discipline that has experienced unprecedented development in the last ten years.
It is a multidisciplinary field that necessitates cooperation with other medical disciplines. Sleep apnea is
a condition in which sleep medicine impacts cardiology. The pathophysiology of obstructive sleep apnea
includes, inter alia hyperactivation of the sympathetic nervous system (SNS) with a number of implications
for the cardiovascular system. This case report reveals the importance of considering obstructive sleep apnea
syndrome in relation to resistant hypertension.

Introduction

Sleep apnea syndrome is defined as the cessation of or
pause in breathing (apneic or hypopnoic) during sleep,
lasting for at least 10 seconds and repeated more than
5 times an hour of sleep. It is generally divided into ob-
structive, central and mixed forms. Obstructive sleep ap-
nea (OSA) is characterized by persistence of the breathing
effort, the central form by the complete absence of
breathing and the mixed form a combination of OSA and
central forms, beginning as a central form without breathing
effort." Most relevant to cardiology is obstructive sleep ap-
nea (OSA), which includes about 90% of patients with apnea
syndrome, central sleep apnea (CSA) about 10%.

The OSA syndrome is considered to be an independent
risk factor for cardiovascular morbidity and mortality. The
most clinically pertinent is the impact of OSA on blood
pressure (BP) and the development of secondary hyper-

tension. A linear relationship between OSA severity and
degree of arterial hypertension has been demonstrated in
large population studies. The basis is the pathophysiology
underlying OSA in particular hyperactivation of the sym-
pathetic nervous system (SNS), along with changes in the
humoral control of the organism. The cause is severe frag-
mentation of the sleep microarchitecture which disrupts
regeneration of the autonomic system of homeostasis.?

In addition to secondary hypertension, there is a higher
prevalence of coronary heart disease (CHD), atrial fibrillation,
heart failure, pulmonary hypertension and metabolic syndro-
me in general, including associated comorbidities.> A general
awareness of these facts is still relatively low in the medical
community including cardiology. The latter needs to consider
the role of sleep disorders like sleep apnea in the pathogenesis
of specific cardiovascular conditions. Around 85% of patients
with clinically significant and potentially treatable obstructive
sleep apnea have never been diagnosed.’
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Case study

This case report describes a 55-year-old female, long-term
hypertonic patient. She was obese (BMI 30.25), with per-
sistent moderate bronchial asthma, chronic renal insuffi-
ciency G3a, A1 according to KDIGO classification and for
30 years she had been on antihypertensive medication
which had gradually increased to a combination of up to
10 antihypertensives with non-optimal effect on blood
pressure (BP) compensation. The BP values were in the
range of moderate hypertension, with frequent fluctua-
tions to severe hypertension. A suspicion of non-compli-
ance was not confirmed from determination of antihy-
pertensive levels. The patient did not want to be included
in the renal denervation program. Our cardiology-hyper-
tensive outpatient clinic at the University Hospital in Os-
trava was contacted at the beginning of February 2016.
First we examined the existing records and examinations
to exclude secondary hypertension — US renal, doppler
investigation of renal arteries and blood sampling for en-
docrinological analysis and urine tests were carried out
at another medical facility without interrupting current
medication. We found long-term high plasma renin le-
vels with aldosterone at the upper limit of the norm in
the past, potassium 3.3 mmol/L. For this reason, potassi-
um was substituted. Other results were within the normal
range. In the past there was repeated ambulatory blood
pressure monitoring (ABPM) with nocturnal non-dipping
and fluctuating values of night hypertension. The patient
did not have confirmed secondary hypertension, which
was in line with pharmacoresistant hypertension in a pa-
tient with metabolic syndrome. During the basic physical
examination, we were alerted to the patient’s habitus,
weighing 80 kg at a height of 158 cm, BMI 30.25 corre-
sponding to obesity of the first degree, morphologically
short wide neck, externally distinct submandibular fatty
deposits. This was logically followed by our query about

snoring. There had been really spectacular intermittent
snoring for several years, the people around being “fright-
ened” by occasional apnea breaks while sleeping, daily
fatigue, sleepiness, frequent dry mouth, headaches that
she had become accustomed to. Microsleep was denied.
Overall, she was mildly depressed. To the question of
snoring, she was surprised; she had not had a similar
question from a doctor before.

Suspicion of obstructive sleep apnea syndrome was
agreed on. Before we started the classic OSA testing al-
gorithm, we repeated some of the past examinations.
We initially checked the BP using ABPM, where the BP
oscillated at the interface of moderate to severe hyper-
tension with classical night reversal dipping. The results
were correlated with home blood pressure monitoring
(HBPM). The patient was capable of home measurement
using a validated tonometer. Endocrinological analysis of
blood and urine was performed without interfering with
the usual medication. Endocrinological analysis showed
a mildly elevated plasma renin of 64 ng/L, plasma aldos-
terone at the upper limit of the norm -274 ng/L and 3.5
mmol/L of potassium including a permanent substitution
of 0.5 g potassium chlorate daily. Due to suspicion of pos-
sible secondary hyperaldosteronism (see laboratory sam-
ples above), we performed Doppler renal artery control
and dynamic renal scintigraphy with captopril both of
which ruled out a renovascular etiology of the hyperten-
sion. Echocardiographic normal systolic function of heavi-
ly hypertrophic (interventricular septum in diastole [IVSd]
19 mm, left ventricle posterior wall in diastole [LVPWd]
18 mm) left ventricle without asynergies, restrictive type
of LV filling with high filling pressures of LV, normal LA
function, no significant valvulopathy.

The next step was the diagnostic algorithm for testing
for the OSA syndrome. In our outpatient clinic she had
filled out the Epworth’s Sleepiness Scale (ESS) — with a sco-
re of 13 points (which is positive from 8 points and abo-
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Fig. 2 - Video polysomnography. Polysomnography (multi-parametric test used in sleep medicine) with microphone and video camera re-

cording noises, positions and movements during sleep.

ve). The patient was sent for ear, nose and throat (ENT)
examination, where a slightly elongated uvula was descri-
bed, the clarity of pharynx according to Mallampati was
Class I, hypertrophic root of tongue and the retrolingual
space was slightly narrowed. This was followed by home
respiratory polygraphy and an AHI (apnea-hypopnea in-
dex) 26.3 showed moderate sleep apnea syndrome. A po-
lysomnography, which is the gold standard of diagnosis
of the syndrome, (see Fig. 1, Fig. 2) was performed in the
Sleep Laboratory. The resulting AHI 29, the upper limit
of moderate sleep apnea. Average saturation throughout
the measurement 94%, saturation below 90% occupying
4.38% of night time sleep.

In a multidisciplinary seminar, weight reduction was re-
commended, contact with the obesity center was provided
without indication for surgical solution. The patient’s man-
dibular protrusion was shifted to ventral mandibular and
retrolingual area enlarged but tolerated with difficulty,
and in addition, the limited examination inspection by poly-
graph showed no significant improvement. Through the Sle-
ep Laboratory, the patient borrowed a continuous positive
airway pressure (CPAP) device for a weekly test with pro-
nounced effect, AHI 12.3, that is, in the range of mild sleep
apnea. From 7/2016 the patient used night-time continuous
pressure ventilation therapy (CPAP). In the meantime, we
started her on 25 mg of spironolactone. The reasoning was
the borderline elevated plasma aldosterone levels, as well as
from the knowledge that hypervolemia plays an important
role in the pathophysiology of hypertension in patients with
OSA syndrome. The use of spironolactone has already been
“allowed"” at this stage but the diagnostic algorithm for
endocrine hypertension has been terminated. Subsequent
checking in 10/2016 showed a significant improvement in
results — at regular HBPM BP values oscillated in the normo-
tensive band, similar results on ABPM, where the average
full-day BP was 129/75 with adequate night dipping. Sub-
jectively, the patient feels much better — “finally sleeps”, the

headaches are gone, the usual fatigue and sleepiness are
limited, AHI is 11.5. We have rationalized the antihyperten-
sive medication, resulting in a combination of 5 antihyper-
tensives without any centrally acting ones. BP values were
similar even after a follow-up of 3 months later, sleepiness
and fatigue have already gone completely and the patient
is satisfied, vital and optimistic. Control endocrinological
analysis after next three months (performed 6 weeks after
interrupting using spironolactone) showed decreased levels
of renin (55 ng/L) and plasma aldosterone (190 ng/L) and
mild decrease in ARR (aldosterone-renin ratio).

Discussion

According to presented case report, obstructive sleep ap-
nea (OSA) should be approached as a chronic disease that
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Fig. 3 - Sleep apnea prevalence in acute myocardial infarction pa-
tients. Known is the significantly higher OSA prevalence in AMI
patients (SAPAMI Study, Ludka O, et al., AJC 2013).
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Fig. 4 - Day-night variation of acute myocardial infarction in ob-
structive sleep apnea. The diurnal variation in the onset of Ml in
OSA patients is completely different from the diurnal variation in
non-OSA patients (Sert Kuniyoshi, et al., JACC, 2008).

requires long-term and multidisciplinary management
and care. It is clear that the pathophysiological processes
in the OSA syndrome and their consequences — sympa-
thetic hyperactivity, decrease in parasympathetic nervous
system activity, increase in heart rate with lower variabi-
lity, decrease in baroreflex sensitivity, increase in blood
pressure with night reversal dipping along with humo-
ral and metabolic changes — predispose patients to the
development of cardiovascular diseases.* In addition to
hypertension, we observe a higher prevalence of atrial
fibrillation, heart failure, pulmonary hypertension and
CHD. Known is the significantly higher OSA prevalence
in AMI patients (Ludka O, et al., AJC 2013 - see Fig. 3).°
There is also change in the diurnal course of myocardial
infarction (MI) in OSA patients — we observe up to 6 ti-
mes higher risk of developing Ml at night in patients with
OSA, 91% of patients with Ml at night and early morning
(00.00-6.00 h) had obstructive sleep apnea (see Fig. 4).6
The current trend is to see OSA as a separate, potentially
modifiable risk factor for CHD.’

A key pathophysiological element is hyperactivation
of the sympathetic nervous system. Sleep with its pha-
ses (nonREM, REM) is a key regulator of diurnal rhythms,
a period of “calibration” and regeneration of autonomic
systems, homeostasis of the organism. OSA syndrome
leads to disruption of sleep microarchitecture, fragmen-
tation of sleep. The result of this alteration is short-term
and long-term over-activation of the SNS.” Three basic
causes of sympathetic hyperstimulation — hypoxic hyper-
capnia, negative intra-thoracic pressure in the so-called
Mauller’'s maneuver and microarousal paroxysms — can be
identified with some simplification.®®

Obstructive sleep apnea syndrome
and hypertension

OSA syndrome is one of the known causes of secondary
hypertension. The pathophysiological background is SNS

hyperactivity along with the extreme increase in plasma
catecholamines and other vasoactive substances, activa-
tion of the renin-angiotensin-aldosterone (RAAS) system
and the hypothalamus-pituitary-adrenal axis (HPA) axis.
While in the general population the mean incidence of
OSA in males is around 3-7% and 2-5% in women, the
prevalence of the syndrome in hypertonics is 30-40% and
in patients with resistant hypertension up to 83%." The-
re is higher prevalence in patients with high normal BP
(20-30%). The two most well known population studies
of hypertension in patients with OSA are the Wisconsin
Sleep Cohort Study and the Sleep Heart Health Study,
which in line with the previous study confirmed a strong
correlation between AHI and hypertension.’ Subsequent-
ly, however, in a subanalysis in 2 470 middle-aged pa-
tients, at the time of entry into the study with no hyper-
tension diagnosis, no linear relationship was established.
The difference in results is explained by different demo-
graphic structure — subjects in the first study are youn-
ger, while in the second sub-analysis of the second study,
they were middle-aged. This is a supportive argument for
suspecting that younger OSA patients are more suscep-
tible to the onset and intractability of hypertension.
The linear relationship between blood pressure, weight
and OSA has been demonstrated to 60 years of patient
life. OSA increases the risk of developing hypertension
independently of other factors (weight, BMI, sex...)."?
This case report presents the typical patient with OSA
syndrome — it means patient with drug-resistant hyper-
tension (combination of up to 10 antihypertensives), diur-
nal blood pressure variability, with typical signs (anamne-
sis of apnea, excessive daytime sleepiness) and obesity
(BMI is 30.25). The diurnal course of the blood pressure
curve of our patient is specific for most of patients with
OSA - we observe a disturbance of circadian rhythm in
the absence of physiological nightfall of BP — so-called
non-dipping to reverse dipping. The average nighttime
BP is higher than the daily average. During the night, the-
re is highly variability (repeated activations of the SNS).
Continuous positive airway pressure therapy (CPAP)
is the mainstay of therapy for adults with OSA. It's the
most effective treatment for moderate and severe OSA.
This therapy reduces the frequency of respiratory events
during sleep and results in a significant reduction in the
apnea-hypopnea index (AHI). However, the blood pres-
sure lowering effect is controversial.'* Many prospective
and randomized trials have each shown discrepancies
in the response of blood pressure in patients with OSA
treated with CPAP. A meta-analysis of 28 studies showed
an average daily systolic pressure drop in CPAP therapy of
only 2.58 mmHg and a diastolic pressure of 2.01 mmHg
over the control group. The results were slightly better in
younger patients, with a more pronounced clinical pre-
sentation, more severe OSA and better adherence to the-
rapy.® The effect occurs after at least 3 months of proper
use. This analysis has similar results like other studies of
Bottini, Marin and Montesi meta-analysis of 32 studies in-
vestigating the effect of CPAP treatment for obstructive
sleep apnea (OSA) on systolic and diastolic blood pressure
(SBP, DBP), confirming statistically significant reducing in
diurnal and nocturnal SBP and DBP."> On the other hand,
a large multicenter study conducted in Spain in 14 cent-
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res that compared CPAP therapy with usual care in 725
patients with OSA showed no difference in reducing BP,"
similarly like other multicenter study.' Results of these
multicenter studies are very inconsistent. Where can we
find the reason? Based on analysis of many studies | have
found three main reasons of significant success of CPAP
treatment in reducing blood pressure in our patient:
1. Level of adherence with CPAP treatment by patients
with OSA.
2. Ability of CPAP therapy to influence pharmacoresis-
tant hypertension (RH).
3. Significance of CPAP therapy as antagonistic mecha-
nism of activated RAAS system in patient with resis-
tant hypertension.'®

ad 1) The question of long-term adherence with CPAP
treatment and the mean duration of using venti-
lator in patients with obstructive sleep apnea has
key importance. The lack of adherence with this
therapy is the major cause of treatment failure.
Because of long-term and serious health prob-
lems of our patient and significant improving
after beginning CPAP treatment, her adherence
was on high level. She affirmed about 6-7 hours
using ventilator per night. Blood pressure de-
crease was significant in this case. It is known,
that 25-28 hours using CPAP per week can cause
60% reducing AHI and is associated with a reduc-
tion in symptoms of sleepiness and with improved
quality of life. But we have no exact facts about
beneficially duration of CPAP in reducing blood
pressure. It seems, that treatment for a mean of
3-4 hours per night is very insufficient to provi-
de effect on BP reducing."” Barbe in his study de-
monstrated, that effect of CPAP is evident only in
patients who use this therapy for more than 5.6
hours per night."
The mean duration of CPAP treatment influen-
ces not only reduction in blood pressure, but has
also significant effect on the prevention of recur-
rent serious cardiovascular events. Well-known
are results of large multicentric SAVE study, that
randomized a 2717 adults between 45 az 75 years
of age and showed that the risk of serious car-
diovascular events was not lower among patients
who received treatment with CPAP in addition
to usual care than among those who received
usual care alone. In the group of patients with
CPAP therapy there was no significant effect on
the prevention of serious cardiovascular events,
despite significantly reduced sleepiness and im-
proved quality-of-life measures. Participants in
the SAVE study adhered to the treatment for
a mean of only 3.3 hours per night, which is con-
sistent with CPAP use in clinical practice, but elder
studies reported better cardiovascular outcomes
among patients who were adherent to CPAP the-
rapy more than 4 hours per night.'”

ad 2) Several randomized trials show marked variabi-
lity of BP response of CPAP therapy in patients
with OSA and hypertension. CPAP therapy causes
different decrease in ambulatory systolic, diasto-

licand nocturnal BP, we observe an improvement
in the nocturnal blood pressure pattern, when
using CPAP can eliminate intermittent hypoxe-
mia and BP elevations during night and to re-
store circadian rhythm with physiological night-
fall of BP. There is a big difference between the
impact of OSA treatment with CPAP on patients
with resistant hypertension and non-resistant hy-
pertension. Our patient used combination of up
to 10 antihypertensives including diuretics with
non-optimal effect on blood pressure.

HIPARCO study was designed to evaluate the
effect of CPAP on BP in patients with obstructive
sleep apnea and resistant hypertension. Among
patients with mild to severe OSA and resistant
hypertension despite optimal anti-hypertensive
therapy, CPAP treatment compared with con-
trol resulted in a decrease in 24-hour mean and
24-hour diastolic blood pressure and an impro-
vement in the nocturnal blood pressure pattern
after 12 weeks of therapy. The average CPAP
use was 5 = 1.9 hours per night."” Iftikhar et al.
performed a meta-analysis of 5 randomized cli-
nical trials to evaluate the impact of CPAP thera-
py in OSA patients with RH. They demonstrated
a mean decrease of 6.74 mmHg and 5.94 mmHg
in ambulatory SBP and DBP and positive correlati-
on between hours of CPAP adherence, AHlI score,
and duration of RH diagnosis with blood pressu-
re response to CPAP.% These results suggest that
the degree of BP-lowering effect in RH is greater
than in hypertensive patients without RH. This is
clinically significant because patients with RH are
at higher risk of cardiovascular events.!

ad 3) In our patient, use of spironolactone had key im-

portance in the management of therapy. A sig-
nificant aspect of hypertension in the context of
OSA is not only hyperactivity SNS, but also obe-
sity with its volume component of hypertensi-
on (our patient with obesity of the first degree,
BMI 30.25). Via vasoconstriction in the renal bed,
the RAAS system is integral to the process.” In
an interesting study in obese OSA patients, the
CPAP-treated group experienced a decrease in
systolic BP of 3 mmHg, in the weight reduction
group (diet and exercise) without CPAP, a fall in
pressure of 6.8 mmHg, and in the combined CPAP
and weight loss group, the most significant dec-
rease in systolic pressure by 14.1 mmHg. This con-
firms the importance of regime measures such as
weight reduction in patients with OSA.° Hypervo-
lemia is one of the essential pathophysiological
connections between OSA and hypertension."
Increased level in serum aldosterone (common in
patients with drug-resistant hypertension) is the
result of RAAS activation. It leads to greater cir-
culating blood volume, more fluid accumulation
in the neck area and thus worse OSA.?' During
the night, the horizontal position of the patient
means the movement of fluid is further increased
in the head and neck area. In small, uncontro-
lled studies, the addition of 25-50 mg spirono-
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13. Montesi SB, Edwards BA, Malhotra A, et al. The effect of
continuous positive airway pressure treatment on blood
Conclusion pressure: a systematic review and meta-analysis of randomized

OSA is a condition with a high prevalence, increasing in-
cidence and it is preventable and treatable. The long-
-term consequences of undiagnosed OSA, are significant
increase in the risk of progression of cardiovascular and
metabolic diseases. In the area of diagnostics and thera-
py, interdisciplinary cooperation is of key importance. In
common clinical practice, it is essential for a cardiologist
to think early about OSA. A typical example is an obese
patient with a corresponding clinical picture, pharmacore-
sistent hypertension and reversible night dipping in ABPM.

Early recognized and properly treated OSA syndrome
in compliant patients means significant mitigation of car-
diovascular risk. Up to 85% of patients with clinically sig-
nificant and treatable obstructive sleep apnea have never
been diagnosed and therefore not treated.
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1 Doporucené postupy pro sekundarni
prevenci ischemické choroby srdecni

a ischemické choroby dolnich koncetin
pred studii COMPASS

Kardiovaskularni onemocnéni (KVO) stoji stdle na prvnim
misté jako nejvyznamnéjsi pficina umrti. V obdobi mezi
lety 1985-2012 doslo v ceské populaci k vyznamnému
snizeni umrtnosti na ischemickou chorobu srde¢ni (ICHS)
o vice nez 50 % u muzl a 043 % u zen. Mortalita z kardio-
vaskularnich (KV) pficin klesla u muzd i u Zen v prdméru
0 52 %." Na snizeni umrtnosti z KV pficin se podilela jak
|é¢ba akutnich stavl (predevsim invazivni lécba akutniho

infarktu myokardu), tak i preventivni nefarmakologicka
i farmakologicka opatfeni.

Primarni prevence mUze snizit incidenci ICHS, tj. vyskyt
novych onemocnéni ICHS vcetné ndhlych koronarnich
umrti, a tim redukovat i prevalenci choroby v populaci.

Ukolem sekunddrni prevence je zamezit recidivé koro-
ndrni prihody, zabranit progresi choroby, event. navodit
regresi aterosklerézy, a tak snizovat riziko ICHS i ostat-
nich KVO.? Vysledky studii EUROASPIRE |-V, které pro-
béhly v letech 1995-2017 v fadé evropskych zemi véetné
CR, v3ak nejsou uspokojivé. Velky potencial je v modi-
fikaci zivotospravy i v nedostatecné |écbé hypertenze
a dyslipidemie (DLP), a to véetné nedostatecné adheren-
ce pacientt k [écbé.?

Adresa pro korespondenci: Prof. MUDr. Petr Widimsky, DrSc., FESC, FACC, Kardiocentrum, 3. lékarska fakulta Univerzity Karlovy a Fakultni nemocnice Kralovské
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Pacient s ICHS je prioritou sekunddrni prevence KVO.
Odvykani koureni u pacientd kuraku je jednou z nejdule-
Zitéjsich uprav Zivotosprdvy, nebot po zanechani koureni
se nejvice snizuje celkové KV riziko. Fyzicka aktivita ne-
musi mit tréninkovy charakter, ale méla by byt aerobni
a hlavné pravidelna; Sest tisic krok(i denné je jednoduchy
a uc¢inny pohyb. Hlavni zasadou diety v ramci sekundar-
ni prevence ICHS je zaména nasycenych mastnych kyselin
nenasycenymi, dostatek ovoce, zeleniny, lusténin a ore-
chd. Nepatii do ni nadmérné soleni ani konzumace al-
koholu; dle posledniho doporuceni lze tolerovat jeden
alkoholicky napoj za den u Zen a maximalné dva alkoho-
lické ndpoje za den u muze. (Jeden alkoholicky napoj je
pfiblizné tfetina litru piva nebo 1 dcl vina nebo 5 cl de-
stildtu.) Doporuceny index télesné hmotnosti (body mass

umrtnosti z KV pficin.

Farmakoterapie v sekundarni prevenci zahrnuje né-
kolik oblasti: antitrombotickou [é¢bu (antiagregancia a/
nebo antikoagulancia), hypolipidemickou [écbu, beta-
-blokatory a inhibitory angiotenzin konvertujiciho en-
zymu (ACEl). Dlouhodoba antitromboticka lécba spoci-
va predeviim v podavani kyseliny acetylsalicylové (ASA)
v nizkych davkach (75-100 mg). Dalsi moznosti jsou struc-
né shrnuty v tabulce 1 a v doporucenych postupech Ev-
ropské kardiologické spole¢nosti.*

Hypolipidemicka Ié¢ba zahrnuje maximalni davku sta-
tinu (80 mg atorvastatinu nebo 40 mg rosuvastatinu), kte-
ry se nasazuje od prvniho dne akutni koronarni pfihody.
K dosazeni cilové hodnoty LDL-cholesterolu (LDL-C) nizsi
nez 1,8 mmol/l nebo jesté nize je ¢asto nutno kombinovat
léCbu s ezetimibem. V pFipadé, Ze ani kombinace statin
+ ezetimib nevede k dosazeni cilové hodnoty LDL-C, je
mozné indikovat Iécbu inhibitory proprotein konvertazy

Tabulka 1- Antitromboticka Iécba v dlouhodobé sekundarni prevenci kardiovaskularnich chorob podle doporuceni Evropské kardiologické

spolecnosti (ESC guidelines)

ESC guidelines Zakladni doporuceni

Uroven dikazd

CVD prevention 2016
Non-STE ACS 2016
STEMI 2017
Revascularization 2018

Vechny AKS: inhibitor P2Y,, + ASA po dobu 12 mésicd, poté monoterapie ASA IA

CVD prevention 2016 Cévni mozkova pfihoda jiné nez kardioembolické etiologie: monoterapie ASA nebo A
monoterapie clopidogrelem

Non-STE ACS 2016 AKS bez anamnézy iktu, s vysokym ischemickym a nizkym krvacivym rizikem: ASA + llb B

STEMI 2017 clopidogrel + rivaroxaban 2,5 mg 2x denné na dobu jednoho roku

Revascularization 2018

STEMI 2017 STEMI s indikaci k peroralni antikoagulaci: perorélni antikoagulans + antiagregacni IC
lécba

STEMI 2017 STEMI + stent + indikace k peroralni antikoagulaci: trojkombinace (DAPT + OAC) po lla C
dobu 1-6 mésich

DAPT 2017 Pacienti s AKS a/nebo PCI + indikaci k OAC: trojkombinace (ASA + clopidogrel + OAC) llaB

Revascularization 2018 vede az k trojnasobnému narustu krvacivych komplikaci, a tato kombinace tedy mé byt
pouzivana jen u osob s vysokym ischemickym a nizkym krvacivym rizikem, a to po co
nejkratsi dobu (optimalné jeden mésic, max. Sest mésic).

DAPT 2017 Ticagrelor ani prasugrel se nemaji kombinovat s peroralnimi antikoagulancii. M

DAPT 2017 Dualni terapie (clopidogrel + OAC) je vhodnou alternativou k trojkombinaci, zejména po | lla A

Revascularization 2018 uplynuti prvniho mésice od AKS.

DAPT 2017 U osob s trvalou indikaci k antikoagulaci 1é¢enych warfarinem se protidestickova lécba lla B
ukondi po jednom roce od AKS ¢i od PCl a déle jsou Iéceni jen warfarinem.

Peripheral arterial Symptomatickd stendza karotidy nebo symptomaticka ICHDK: monoterapie antiagregac- | | A

diseases 2017 nim lékem

Peripheral arterial Implantace stentu: DAPT (ASA + clopidogrel) po dobu nejméné jednoho mésice I B (karotidy)
diseases 2017 lla C (ICHDK)
Peripheral arterial Monoterapie clopidogrelem je lepsi nez monoterapie ASA. b B
diseases 2017

Peripheral arterial Symptomaticka ICHDK ¢i karoticka stendza + indikace k OAC: monoterapie peroralnim llaB
diseases 2017 antikoagulans postacuje (kromé prvniho mésice po pfipadné implantaci stentu).

Revascularization 2018 PCl u chronické ICHS: clopidogrel + ASA po dobu 6 mésicd, resp. po dobu 3 (1) mésicl pfi | | A, popt. lla

vysokém krvacivém riziku

A (krvacivé riziko)

Revascularization 2018

Fibrilace sini + revaskularizace myokardu: NOAC + antiagregans je lepsi nez warfarin +
antiagregans

lla A

AKS - akutni korondrni syndrom; ASA - kyselina acetylsalicylovd; DAPT - dualini protidestickova lécba; ICHDK - ischemicka choroba dolnich
koncetin; ICHS - ischemickd choroba srdecni; NOAC - nové peroralni antikoagulans; OAC - peroralni antikoagulacni Ié¢ba; PCl - perkutanni
koronarni intervence; STEMI - infarkt myokardu s elevacemi useku ST.
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subtilisin/kexin typu 9 (PCSK9). Tato lé¢ba je v CR hrazena,
pokud pacient pfi maximalné tolerované ddvce statinu
v kombinaci s ezetimibem ma LDL-C vy3si nez 3 mmol/I.5

Dulezitymi Iéky v sekundarni prevenci ICHS jsou ACEI
(v pfipadé intolerance inhibitory receptord AT, pro angio-
tenzin Il) a beta-blokatory. Pfiznivy ucinek beta-blokato-
rd je dan predevsim snizenim rizika nahlé smrti a ische-
mie/infarktu myokardu. Krevni tlak pacienta s ICHS, tj.
s velmi vysokym celkovym KV rizikem, by mél byt u vétsi-
ny nizsi nez 130/80 mm Hg. U diabetikd, mladsich hyper-
tonikld (do 65 let véku) nebo u nemocnych s chronickym
onemocnénim ledvin ¢&i pacientd zaroven po cévni moz-
kové pfihodé by se mél zvazit systolicky tlak mezi 120-130
mm Hg. V Uvahu je tfeba vzit toleranci pacienta k niz§imu
tlaku a také jeho vék; u starsich pacientt (nad 65 let véku)
se spokojime s tlakem < 140/90 mm Hg, u jesté starsich (80
let a vice) mazeme tolerovat i vys$si krevni tlak. Dulezitd
je uprava tepové frekvence; idedlni tepova frekvence je
mezi 60-70/min.

Vzhledem ke znamé horsi adherenci pacientld k uzivani
vice tablet se doporucuje vyuzivat predevsim fixni kombi-
nace dvou a vice 1ékd v jedné tableté.®

Onemocnéni perifernich tepen: je zfejmé z mnoha dat,
Ze povédomi a péce o nemocné s periferni aterosklero-
zou jsou horsi oproti nemocnym s ischemickou chorobou
srdce. Tito nemocni navic jsou ¢asto méné disciplinovani
v reZimovych lé¢ebnych opatfenich (ve srovnani s pacien-
ty s ICHS), méné casto jsou léceni hypolipidemiky i anti-
trombotiky.” LéCebnym zdmérem je zlepseni osudu nejen
ischemii postiZzeného orgdnu (nejcastéji dolni koncetiny),
ale i prodlouzeni celkového preziti.

Antitrombotickou 1écbu specifikujeme podle stadia
onemocnéni a pfidruzenych onemocnéni: U asymptoma-
tické ischemické choroby dolnich koncetin (ICHDK), kde
nejsou indicie o generalizaci procesu, je v soucasnosti role
podavani acetylsalicylové kyseliny (ASA) zpochybnéna
(v doporucenich Evropské kardiologické spolecnosti [ESC]
2017, se silou dukazl Illa). Nicméné u stendz karotickych
tepen > 50 % je naddle protidestickovy Iék indikovan. Sta-

bilni, symptomatické nemocné (klaudikujici) 1é¢ime bud

ASA, nebo clopidogrelem (mirnd preference clopidogrelu
na zakladé studie CAPRIE).2 Pokud by nemocny nemohl
uzivat ASA a soucasné nebyl respondérem na Iécbu clopi-
dogrelem, je alternativou ticagrelor (srovnatelny ucinek
s clopidogrelem doloZen studii EUCLID).® Pokud je u ne-
mocného indikovana antikoagulac¢ni |é¢ba (naptiklad pro
fibrilaci sini), pak je pro stabilni nemocné s ICHDK posta-
Cujici a nepoddvame dle soucasnych doporuceni protides-
tickovy Iék navic. Nemocni po revaskularizaci perifernich
tepen dostdvaji antitrombotickou Ié¢bu dozivotné a ci-
lené: Po endovaskularni intervenci Ié¢ime dualni proti-
destickovou terapii obvykle jeden mésic (az Sest) mésicu,
optimalné s uréenim délky lékarem, ktery dany revaskula-
riza¢ni vykon provadél (tedy se znalosti rozsahu postize-
ni, kvality vytokového traktu, pfipadnych proceduralnich
komplikaci apod.), dale pak poddvame monoterapii ASA
nebo clopidogrel. Po chirurgické revaskularizaci se rozho-
duje lékar bud pro protidestickovou monoterapii acetyl-
salicylovou kyselinou nebo clopidogrelem (u vétsiny by-
passt), nebo pro docasnou dualni protidestickovou lécbu
— u protetickych bypasst, pripadné u vendznich bypasst
ve zvlastnich situacich pro Ié¢bu antikoagulacni. Optimal-

ni antitrombotickd strategie u nemocnych ve fazi kritic-
ké koncetinové ischemie neni doporucenimi stanovena,
obvykle lé¢ime kombinaci nizkomolekularniho heparinu
a protidestickového léku (zejména ve fazi hospitalizace,
pred definitivnim revaskulariza¢nim vykonem).
Samoziejmosti u viech nemocnych s projevy onemoc-
néni perifernich tepen je kromé opatfeni reZimovych
(pravidelna denni chize, sttedomorska dieta, nekoureni)
také tzv. best medical therapy, jez spocivd vedle zminé-
nych antitrombotickych postupt i v intenzivni hypolipide-
mické Iécbé k dosazeni cilové hodnoty LDL-C nizsi nez 1,8
mmol/l a také v korekci krevniho tlaku, preferen¢né ACEI
(pfipadné sartany). Nemocni s projevy periferni tepenné
aterosklerézy jsou povazovani stejné jako nemocni s ICHS
za vysoce rizikové pro dalsi kardiovaskularni pfihody.™

2 Cilové ukazatele a hlavni vysledky studie
COMPASS

Rivaroxaban (perordlni pfimy selektivni inhibitor koagu-
la¢niho faktoru Xa) byl prokazatelné ucinny u nemocnych
s akutnim korondrnim syndromem (AKS) ve studii ATLAS
ACS 2-TIMI 51, v niz v davce 2,5 mg 2x denné signifikant-
né snizil celkovou mortalitu béhem 13 mésici po AKS ve
srovnani s placebem.’ Vzhledem k tomu, Ze byl podavan
jako treti antitrombotikum k dualni protidestickové lé¢-
bé, byl tento pfinos vyznamné snizen castym vyskytem
krvacivych komplikaci. Studie COMPASS proto byla zamé-
fena na nemocné s pokrocilymi formami klinicky mani-
festni aterosklerézy (91 % nemocnych mélo vyznamnou
ICHS, 27 % mélo vyznamnou aterosklerézu dolnich kon-
cetin nebo karotid, 18 % nemocnych mélo obé tyto hlavni
vstupni diagndzy), u nichz neni indikovana dudlni proti-
destickova lécba, a testovala tedy ucinnost a bezpecnost
dvojkombinace antiagregacni (ASA) s antikoagulacni (ri-
varoxaban) |écbou v sekundarni prevenci. Podrobnosti
o uspofriddani studie vcéetné vstupnich a vylucovacich kri-
térii jsou uvedeny v pfislusném pavodnim ¢lanku™ a zde
je z prostorovych dlvodd neuvadime. Dvojkombinace
antiagregacni a antikoagulac¢ni 1écby (ASA + warfarin)
byla testovana jiz v minulosti ve studii WARIS II,"* kterd
ukazala mozny potencial takové kombinace (snizeni vy-
skytu kombinovaného cilového ukazatele ze 20 % na 15
%, tj. o 25 %), ale pfinos byl prakticky uplné vymazan
vyznamné vyssim rizikem krvaceni, takze mortalita byla
stejna pfi monoterapii ASA jako pfi kombinované |é¢bé.
Navic ve skupiné kombinované |é¢by vice nez tretina (!)
nemocnych prerusila studijni medikaci predc¢asné.

Studie COMPASS zaradila 27 395 nemocnych se stabil-
nimi, klinicky manifestnimi formami aterosklerézy. Dvé
tretiny nemocnych mély v anamnéze infarkt myokardu,
4 % iktus, 38 % bylo diabetik, 21 % mélo chronické
srdecni selhani, 27 % ischemickou chorobu dolnich konce-
tin nebo vyznamnou stenézu karotid. Pacienti byli rando-
mizovani do tfi skupin: (A) rivaroxaban 2,5 mg 2x denné
+ ASA 100 mg 1x denné, (B) rivaroxaban 5 mg 2x denné,
(C) ASA 100 mg 1x denné. Primarni cilovy ukazatel (Umr-
ti z KV pric¢in/iktus/infarkt myokardu) se vyskytl signifi-
kantné méné casto ve skupiné A oproti skupiné C. Stejné
tak i celkova mortalita byla nizsi ve skupiné s kombinaci
rivaroxabanu a ASA. Krvdaceni bylo castéjsi v obou riva-
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roxabanovych skupinach, avsak neslo o fatalni krvaceni
— v téch (stejné jako v intrakranialnich) nebyl rozdil zad-
ny." To je nejzasadnéjsi rozdil proti studii WARIS IlI. Stu-
die COMPASS tedy potvrdila potencidl kombinace antiag-
regacni a antikoagula¢ni Iécby v sekundarni prevenci za
Iék nez warfarin. Pfi analyze podskupin byl uzitek patrny
ve viech podskupindch nemocnych. Nesignifikantni byl
uzitek v podskupinach pacientt starsich 75 let, bez ICHS
a s hmotnosti < 60 kg. | v téchto podskupinach byl vsak
trend pozitivni. Klicové vysledky jsou shrnuty v tabulce 2.

3 Vysledky studie COMPASS v podskupinach
nemocnych s cévni mozkovou pfihodou

v anamnéze, s ischemickou chorobou srde¢ni
a s aortokoronarnim bypassem

Pacienti s iktem v anamnéze. Takovych nemocnych studie
zaradila 1 032 (4 %) a vysledky se nelisily od celkovych vy-
sledk studie —tedy i u této podskupiny byl patrny pfinos,
zejména pokud jde o riziko ischemického iktu, které bylo
kombinaci rivaroxabanu s ASA snizeno témér o polovi-
nu."V prdbéhu celé studie byl nové diagnostikovan iktus
u 342 nemocnych (ro¢ni riziko 0,65 %), z nich 15 % bylo
hemoragickych a 85 % ischemickych. Mezi 1 032 pacienty
s anamnézou predchoziho iktu bylo ro¢ni riziko dalsiho
iktu snizeno kombinovanou lécbou o dvé tretiny oproti
samotné ASA. Samotny rivaroxaban tento ucinek nemél.

Pacienti se stabilnimi chronickymi formami ischemické
choroby srdecni. Z celkového poctu 27 395 pacientd ve
studii COMPASS mélo 24 824 nemocnych prokazanou is-
chemickou chorobu srdecni.”™ Jednalo se o nemocné vice
nez rok po prokdzaném infarktu myokardu (téch bylo
nejvice, primérnd doba od infarktu cinila sedm let), s ko-
ronarograficky prokdzanym postizenim vice korondrnich
tepen anebo po korondrni revaskularizaci (perkutanni
korondrni intervenci [PCI] ¢i aortokoronarnim bypassu
[CABG]). Primarni cilovy ukazatel byl u nich snizen pfi
kombinované |écbé na 4 % proti 6 % ve skupiné se sa-
motnou ASA (p < 0,0001). Zavazné krvaceni se vyskytlo
pfi kombinované |écbé ve 3 %, po samotné ASA ve 2 % (p
< 0,0001). Opét se jednalo o nefatdlni (nejcastéji gastro-

intestinalni) krvaceni. Zasadni je signifikantni (p = 0,0012)
snizeni celkové mortality o 23 %, konkrétné ze 4 % (ASA)
na 3 % (rivaroxaban + ASA).

Rivaroxaban v prevenci okluze koronarnich bypassu.
Jedind podskupina, kterd z kombinované Iécby neméla
uzitek, byli pacienti zafazeni velmi ¢asné (4.-14. den) po
operaci koronarniho bypassu. Tato prfedem planovana
substudie zahrnula 1 448 nemocnych a jejim primarnim
cilovym ukazatelem byla neprichodnost bypassu (, graft
failure”) pfi CT koronarografii za jeden rok po operaci.
Uzaviené bypassy byly zjistény v 9,1 % pfi kombinované
[éCbé, v 8 % pfi l1écbé samotnou ASA a v 7,8 % pri léc-
bé samotnym rivaroxabanem (rozdily nebyly signifikant-
ni). Nevyskytlo se fatalni krvaceni ¢i fatadlni tamponada.
Kombinovana lé¢ba méla za nasledek nizsi vyskyt sekun-
darniho kombinovaného cilového ukazatele (shodného
s primarnim cilovym ukazatelem celé studie COMPASS),
vzhledem k poctu pacientld viak rozdil nedosahl statistic-
ké vyznamnosti.'®

4 Vysledky COMPASS u podskupiny
nemocnych s periferni ateroskler6zou

Do studie COMPASS bylo zafazeno 7 470 nemocnych
s diagnozou periferniho aterosklerotického tepenného
postizeni (populace PAD - peripheral arterial disease), Slo
0 nemocné se stabilnimi formami ICHDK a stabilizované
nemocné s aterosklerotickym postizenim karotickych te-
pen. Pramérny vék téchto nemocnych byl 67,8 roku, 72 %
z nich byli muzi, 74 % tvofili kufaci nebo exkuraci a 66 %
mélo soucasné ischemickou chorobu srdecni.

Pfesnymi kritérii téchto pacientd pro zafazeni do stu-

die bylo:

e anamnéza predchozi revaskularizace formou aor-
tofemoralniho bypassu nebo angioplastikou ilic-
kych nebo subingvinalnich tepen nebo jina chirur-
gicka lé¢ba koncetinovych tepen,

e stav po amputaci koncetiny pro pokrocilé faze
ICHDK,

e anamnéza intermitentnich klaudikaci s priikazem
bud’ poklesu hodnoty indexu kotnik-paze (ankle-
-brachial index, ABI) pod 0,9, nebo ultrasonogra-

Tabulka 2 - Hlavni vysledky studie COMPASS (vsichni nemocni)

Ukazatel Rivaroxaban + ASA (A) | Rivaroxaban (B) ASA (Q) Statisticka vyznamnost
(A vs. Q)
Umrti z KV pfi¢in / CMP /IM 41 % 49 % 54 % < 0,001
Mortalita 34 % 4,0 % 41 % 0,01
CMP (jakakoli) 0,9 % 1,3% 1,6 % < 0,001
IM 1.9 % 2,0 % 22 % NS
Zavazné krvaceni 31% 2,8 % 1.9 % < 0,001
Fatalni krvaceni 0,2 % 0,2 % 0,1 % NS
Nefatalni symptomatické 0,2 % 0,4 % 0,2 % NS
intrakranialni krvaceni
Mensi krvaceni 9.2 % 81% 55 % < 0,001

ASA - kyselina acetylsalicylova; CMP - cévni mozkové prihoda; IM - infarkt myokardu; KV - kardiovaskularni; NS - nesignifikantni.
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ficky ¢i angiograficky prakaz stendzy periferni tep-
ny vétsi nez 50 %,

e stav po revaskularizaci karotidy nebo asymptoma-
ticka stenoza karotické tepny > 50 % (urcena du-
plexni ultrasonografii nebo angiograficky),

e pritomnost ICHS a snizeni ABI (< 0,9).

Soubor 7 470 nemocnych, klasifikovanych jako ,,PAD",
tvorilo 55 % se symptomatickou ICHDK (4 129), 26 % bylo
po revaskularizaci karotické tepny nebo s pfitomnosti ste-
noézy karotidy > 50 % (1 919) a dalSich 20 % splnovalo
diagnézu pritomné ICHS a soucasné byla u nich na z&-
kladé méreni ABI < 0,9 diagnostikovdna asymptomatickd
ICHDK (1 422). Lze tedy také fici, ze pocet 7 470 byl souc-
tem nemocnych s prikazem samostatného onemocnéni
perifernich tepen (6 048) a nemocnych s kombinaci ICHS
a ICHDK (1 422).

Ve skupiné PAD byl zjistovdan kromé primarniho kar-
diovaskularniho ukazatele ucinnosti MACE (slouceny po-
cet — umrti z KV pficin / iktus / infarkt myokardu) také
ukazatel cileny pro PAD. Slo o ukazatel MALE (major ad-
verse limb events), definovany jako vznik akutni tepenné
ischemie (acute limb ischemia, ALI) nebo kritické konceti-
nové ischemie (critical limb ischemia, CLI) a velkych ampu-
taci (nezahrnutych v ALl nebo CLI), dale specificky ukaza-
tel slou¢eného MACE a MALE a dale kompozitni ukazatel
MACE, MALE a velkych amputaci (nezahrnutych do ALI
nebo CLI).

Kombinace rivaroxabanu 2x denné 2,5 mg s ASA v po-
rovnani se samotnou ASA, tedy vétev A proti C, sniZila
kombinovany ukazatel umrti z KV pfricin, infarktu myo-
kardu nebo iktu o 28 % a byla superiorni proti samot-
né ASA (HR 0,72, 95% ClI 0,57-0,90, p = 0,0047). Rozdil
v celkové mortalité mezi kombinovanou lé¢bou (5 %)
a samotnou ASA (6 %) nedosahl statistické vyznamnosti
(nejspise vzhledem k velikosti podskupiny s PAD).

V dané skupiné kombinovana lé¢ba vedla navic ke 46%
snizeni relativniho rizika MALE, vcetné velké amputace.
Doslo i k signifikantnimu snizeni vzniku akutni tepenné
ischemie a ke snizeni poctu velkych amputaci (numericky
ze 17 na 5, tedy o 70 %) (viz tabulku 3).

Ve studii COMPASS kombinace malé davky rivaroxaba-
nu 2x denné 2,5 mg s ASA 100 mg prokdzala, Ze tato lé¢-
ba vyznamné snizuje i ve skupiné nemocnych s periferni
tepennou aterosklerézou velké kardiovaskularni pfihody
a priznivé ovliviiuje osud koncetiny. Na kazdych 1 000

lé¢enych kombinaci rivaroxabanu a ASA Ize zabranit 27
uddlostem typu MACE nebo MALE (v¢etné velkych am-
putaci), za cenu jednoho fatalniho krvaceni a jednoho kr-
vaceni do kritického organu (béhem 21meési¢niho obdobi
lécby)."”

5 Zmeéni vysledky studie COMPASS
doporucené postupy pro sekundarni
prevenci?

Koncept kombinované |écby antiagregacni + antikoagu-
la¢ni se jevi velmi atraktivni cestou ke sniZeni rizika ische-
mickych a tromboembolickych pfihod (Umrti z KV pficin,
infarkt myokardu, cévni mozkova pfihoda, tzv. ischemické
riziko) vcetné rizika umrti v dusledku téchto prihod. Oba
nejstarsi a nejrozsirenégjsi léky tohoto typu (ASA + war-
farin) byly opakované porovndvany mezi sebou a rovnéz
byla v Ffadé studii porovnavana jejich vzajemnda kombina-
ce proti monoterapii pouze jednim z téchto dvou léka.
Tyto studie neprokdzaly celkovy prospéch nemocnych
z kombinované lécby warfarinem + ASA predevsim kvuli
priblizné dvojnasobné vyssimu riziku krvaceni ve skupi-
né s kombinovanou lécbou, véetné rizika hemoragické-
ho iktu.'®2 Zajimavé v3ak je, Ze ve vétsiné téchto studif
warfarin snizoval ischemické riziko vice nez ASA a jejich
vzajemna kombinace byla jesté ucinnéjsi, do praxe se viak
nedostala praveé kvali zminénému vyssimu riziku krvaceni.

Zavedeni novych pfimych peroralnich antikoagulancif
(rivaroxaban, apixaban, dabigatran, edoxaban), kterd vy-
kazuji nizsi rizika krvaceni proti warfarinu, oZivilo mys-
lenky na kombinovanou lé¢bu. Prvni takto koncipované
studie vSak skoncily nepresvédcivymi vysledky, znovu pro
vyssi riziko krvacivych komplikaci.'2324 Limitaci téchto
prvnich studii vak bylo to, Ze v nich zpravidla byla (kvuli
tomu, Ze $lo o nemocné po akutnim koronarnim syndro-
mu) uzivana trojkombinace antitrombotik (dualni proti-
destickova lécba + antikoagulans). Mnoho autor( (véetné
autora tohoto sdéleni) je vsak presvédceno, Zze uzivani
trojkombinace antitrombotik po dobu delsi nez jeden
mésic je velmi rizikové pro krvaceni a nevede ke snizeni
ischemického rizika a Ze tyto prvni studie dopadly nepre-
svédcivé pravé z tohoto ddvodu. Nicméné ve studii ATLAS
ACS 2-TIMI 51 vedlo pfidani malé davky rivaroxabanu (2x
denné 2,5 mg) k dudlni protidestickové 1écbé ke snizeni
celkové mortality ze 4,5 % na 2,9 %." Pravé tento fakt

Tabulka 3 - Vysledky studie COMPASS v podskupiné nemocnych s onemocnénim perifernich tepen (PAD) - vysledky se specifickymi

ukazateli ucinnosti

Ukazatel Rivaroxaban | Rivaroxaban | ASA(C) |Avs.C Bvs. A

+ ASA (A) (B)

N (%) N (%) N (%) HR (95% CI) Hodnotap | HR(95% Cl) Hodnota p
MALE 30 (1) 35(1) 56 (2) 0,54 (0,35-0,84) | 0,0054 0,63 (0,41-0,96) | 0,032
Velké amputace 5(<1) 8(<1) 17(<1) ]0,30(0,11-0,80) | 0,011 0,46 (0,20-1,08) | 0,068
MALE plus velké amputace | 32 (1) 40 (2) 60 (2) 0,54 (0,35-0,82) | 0,0037 0,67 (0,45-1,00) | 0,046
MACE nebo MALE v¢. 157 (6) 188 (8) 225 (9) 0,69 (0,56-0,85) | 0,0003 0,83 (0,69-1,02) | 0,77
amputace

ASA - kyselina acetylsalicylova; MACE - zédvazné nezddouci kardiovaskularni pfihody; MALE — major adverse limb events.
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Tabulka 4 - Srovnani vysledkti dvou nedavnych studii dlouhodobé antitrombotické lécby v sekundarni prevenci ICHS (u studie COMPASS

zde proto byla uvedena pouze data pacientt s ICHS - tedy bez nemocnych, ktefi méli pouze onemocnéni perifernich tepen)

Ukazatel

PEGASUS (ticagrelor 60 mg 2x denné +
ASA versus monoterapie ASA)

COMPASS (rivaroxaban 2,5 mg 2x
denné + ASA versus monoterapie ASA)

Celkova mortalita

4,7 % vs. 5,2 % (NS)

3,2 % vs. 4,1 % (p = 0,0012)

Ischemické prihody (Umrti z KV piicin / infarkt / iktus)

7,8 % vs. 9,0 % (p =0,004)

4,2 % vs. 5,6 % (p <0,0001)

Infarkt myokardu

4,5 % vs. 52 % (p =0,03)

2,0% vs. 2,4 % (p=0,15)

Iktus 1,5 % vs. 1,9 % (p = 0,03)

0,9 % vs. 1,6 % (p < 0,0001)

Zavazné krvaceni

2,3%vs. 1,1 % (p <0,001)

3,2 % vs. 1,9 % (p < 0,0001)

ASA - kyselina acetylsalicylova; KV - kardiovaskuldrni; NS - nesignifikantni.

prispél k realizaci studie COMPASS, v niz byla zkoumana
dvojkombinace Iékl (bez inhibitoru P2Y ).

Vysledky studie COMPASS byvaji nékdy porovnavany
s vysledky studie PEGASUS.?* Tabulka 4 shrnuje podstatna
fakta z obou studii a naznacuje vyhodnost dlouhodobé
kombinace antiagrega¢ni + nizkodavkované antikoagulac-
ni lé¢by oproti dlouhodobé dudlni protidestickové lécbé.

Vyse uvedené vysledky studie COMPASS stavi pred ce-
lou medicinu velkou otazku: maji se zménit doporucené
postupy pro sekunddrni prevenci ischemické choroby sr-
decni a ischemické choroby dolnich koncetin (event. i cév-
ni mozkové prihody) tak, Zze k ASA se bude rutinné prida-
vat nizkd davka rivaroxabanu? Autofi tohoto odborného
stanoviska pfipraveného tfemi odbornymi spolec¢nostmi
jsou zajedno v nazoru, Ze soucasna medicina ma k dis-
pozici antitrombotické strategie ucinnéjsi pro sekundar-
ni prevenci nez samotné podavani ASA a ze doba, kdy
monoterapie ASA byla ,zlatym standardem”, jiz kondi.
Vzhledem k tomu, Ze rivaroxaban ma nyni k dispozici
data ze dvou studii (COMPASS a ATLAS ACS2), které obé
prokazaly statisticky vyznamné snizeni celkové mortality,
zdd se byt dvojkombinace ASA s rivaroxabanem tim nej-
ucinnéjsim zpusobem, jak dale zlepsit osudy téchto ne-
mocnych.

Jaky bude vyvoj v budoucnu? Vzhledem k tomu, Ze
v soucasnosti je k dispozici nejméné sest rtznych peroral-
nich 1€kl s protidestickovym Ucinkem a nejméné dalsich
Sest perordlnich 1ékl s antikoagula¢nim ucinkem, bude
¢im dal slozitéjsi nalézt tu optimalni kombinaci pro kon-
krétniho nemocného. Jisté se bude zvySovat role indivi-
dualniho rozhodovani — hledani té nejvhodnéjsi strategie
pro konkrétniho nemocného. MUze se zde uplatnit napf.
jednoduché laboratorni vysetieni (napf. pfi vyssi hodnoté
C-reaktivniho proteinu [CRP] a/nebo troponinu T indiko-
vat agresivnéjsi antitrombotickou lé¢bu) nebo slozitéjsi
genetické vysetfeni a stanoveni individualni vnimavosti
na konkrétni Iék v konkrétni davce.

Zajimavou moznosti pro dlouhodobou medikaci se
mUzZe jevit i monoterapie inhibitorem P2Y_,. Monoterapie
clopidogrelem® by mohla byt napt. alternativou ke kom-
binaci ASA + rivaroxaban u nemocnych s vy3sim rizikem
krvaceni. Je vSak malo pravdépodobné, Ze bude realizo-
vana studie pfimo srovnavajici monoterapii clopidogre-
lem (nebo ticagrelorem) s dvojkombinaci ASA + rivaroxa-
ban. V soucasné dobé je tak tato dvojkombinace jedinym
antitrombotickym postupem v sekundarni prevenci, ktery
prokazal snizeni celkové Umrtnosti pfi dlouhodobé lé¢bé
ve srovnani s monoterapii ASA.
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Uvod

Fibréza predstavuje stéZejni proces, ktery pozorujeme pfi
srdecni remodelaci, je povazovana za klicovy faktor vzni-
ku a progrese srdecniho selhani. Podstatné je, Ze u struk-
turalniho postizeni srdce md pfitomnost a rozsah fibrozy
myokardu prognostické dusledky, je spojovana s kontrak-
tilni dysfunkci a arytmickym potencidlem. Fibréza je pfi-
mym a nepfimym cilem pfi [écbé srdecniho selhani, a to
bud' zavedenou farmakologickou Iécbou (napf. inhibito-
ry angiotenzin konvertujictho enzymu nebo antagonisty
mineralokortikoidnich receptorll) nebo specifickymi an-
tifibrotickymi 1éky (napt. pirfenidon). Fibréozni proces je
rezistentni vuci terapii. Kontrola a Iécba fibrézni remode-
lace (v idedInim pripadé prevence a potlaceni procesu) je
obtizna.

Fibréza je Siroce uzivany termin, jeji pfesna definice je
obtiznd. V Sir§im slova smyslu je fibréza definovéna jako
excesivni akumulace extracelularni matrix (ECM). Zjedno-
dusené mulze byt fibréza rozdélena na ,reparativni fib-

rézu” a ,reaktivni fibrozu”. Prikladem reparativni fibrézy
je vyvoj organizované jizvy po infarktu myokardu (IM),
kterd mechanicky stabilizuje nekrotickou poruchu tkané.
Je tieba také zvazovat i Casové komponenty vyvoje jizvy.
Naproti tomu jemna intersticidlni reaktivni fibr6za u non-
-ischemickych kardiomyopatii je vysledkem patologickych
procesu, které jsou navozeny jedine¢nymi strukturdlnimi
vlastnostmi, kompozici ECM a metabolickymi vlastnost-
mi. Napfiklad v situaci tlakového pretizeni je zpocatku
reaktivni fibréza charakterizovdna jako perivaskularni,
ale pozdéji progreduje do intersticidlni fibrézy. Fibréza je
také velmi dynamicky proces. Zmnozeni fibroblastd a je-
jich preména na myofibroblasty je doprovazena excesivni
syntézou ECM a modulatornich glykoproteinu, posttrans-
la¢ni modifikaci a dysregulaci produkce ECM a poruchou
matrixovych metaloproteindz (MMP) a jejich endogennich
inhibitord (TIMP). Rozdilné manifestace fibrézy naznacuiji,
ze mUze existovat fada |écebnych cili nebo terapeutic-
kych moznosti a také Ze Ié¢ba bude mozna muset byt cile-
né prizpUsobena konkrétnimu pacientovi a jeho diagnéze
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a charakteru reparativniho procesu a konec¢né specifické-
mu typu fibrézy. V soucasnosti nemame v univerzalnich
doporucenich a ve vseobecné klasifikaci srde¢niho selhani
k dispozici rady, které by zohlednovaly rznorodost pa-
tologickych stavd, jeZ provazeji proces fibrézy. A tak asi
neni prekvapivé, Ze vysledky rlznych studii jsou casto
protichidné a nelze je aplikovat v riznych klinickych si-
tuacich. V dasledku toho se také fibréza jesté neobijevila
jako primarni cil 1é¢by srde¢niho selhani.

Vybor pro transla¢ni vyzkum Asociace srdecniho selha-
ni (Heart Failure Association, HFA) Evropské kardiologické
spolecnosti (ESC) zorganizoval workshop na téma fibrézy
myokardu s cilem diskutovat a doporucit strategie, které
by zaplnily mezery ve znalostech v této oblasti. Tento od-
borny ¢lanek shrnuje hlavni poznatky z tohoto setkani.
Vsechny dalsi informace a odkazy Ize najit v pavodnim
fulltextovém dokumentu ESC." U¢astnici setkani se shodli
na tom, Ze je potfeba zamérit se na identifikované meze-
ry, a to véetné potreby: 1. Lépe definovat vice specifictéji
procesy, které vedou k tvorbé fibrézy za rliznych pato-
logickych podminek. 2. Zlepsit metody detekce fibrozy
(zobrazovaci techniky a biomarkery pro specifické entity
fibrézy). 3. Hledat nové [écebné metody pifimo zamérené
na specifické procesy zpUsobujici kardialni fibrézu.

Potiebujeme presnéji definovat proces fibrézy
myokardu u srdecniho selhani

Fibroza myokardu u srdecniho selhani neni
uniformné iniciovany proces

Fibréza myokardu je endogenni, tfebaze suboptimalni,
reparativni reakce na selhdvajici srdce. Fibrotickou reak-
¢i na srde¢ni postizeni charakterizuje nékolik kli¢covych
udalosti. Rozhodujicim procesem, ktery se uplatriuje také
u hojeni nekardialnich postizeni, je aktivace a konverze
fibroblastd do myofibroblastl. Myofibroblasty produkuji
a ukladaji proteiny ECM, napfr. kolageny, glykoproteiny
a proteoglykany (napf. fibronektin, galaktin a periostin),
aby poskytly lokalni mechanickou podporu selhdvajicimu
srdci. Tvorba organizovanych fibrotickych struktur a fib-
ril vyZzaduje vicestupriovy proces, ktery zahrnuje jednak
degradaci a zpracovani existujici ECM s odstranénim
postizenych tkani. Uplatriuje se také produkce, sekrece,
cross-linking a zrani (maturace) nové ECM. Kromé kar-
didlnich fibroblastl, jez jsou hlavnim zdrojem ECM,
sméruji k mistdm poranéni a sekreci profibrotickych
rastovych faktor( prispivaji k remodelaci také monocyty
a makrofagy. Prostfednictvim parakrinnich mechanismd
prispivaji k sekreci profibrotickych rlstovych faktort do
ECM také kardiomyocyty. Kromé fibralnich komponentt
ECM jsou dalezitymi doplrikovymi mediatory fibrézy non-
strukturdlni glykoproteiny a proteoglykany. Glykosylace
je prevazujici posttranslacni modifikaci v ECM a glykopro-
teomika se jevi jako novy nastroj, ktery by mohl pfinést
nové poznatky pfi studiu fibrézy myokardu.

Klasifikace fibrézy myokardu

Tradi¢né formy a faze fibrézy popisujeme v souladu se
specifickymi fenomény, které vyvolaly fibrotickou reakci.
Jako reparativni fibrézu oznacujeme klasicky reparativni
proces, ke kterému dochazi po infarktu myokardu (IM).

Tvorba jizvy je v tomto pfipadé charakterizovdna excesiv-
ni akumulaci ECM, fibréza je obecné povazovana za nevy-
hnutelnou, jeji absence by zhorsila dilataci komory, a do-
konce by mohla vést i k vytvoreni ruptury komory. Proto
je infarktova jizva povaZzovéna za mandatorni, i kdyZz ne
perfektni ndhradu a strukturdlni podporu myokardu. Re-
aktivni fibréza, ktera je typicky pozorovana jako perivas-
kularni nebo intersticialni fibréza, je stimulovana dlouho
probihajici maladaptivni signalizaci (napf. zanétlivymi
burikami, parakrinnimi signdly a oxida¢nim stresem), kte-
ré je soucasti progresivni patologické kardidlni remode-
lace. Paralelné v jednom stejném srdci nachazime rdzné
typy fibrézy, coz déle ztéZuje zacileni na odlisnosti/rozdil-
nosti fibréznich procesu. S ohledem na riznorodost po-
stizeni tkdné a rdznorodost lokalizace postizeni je riziko
chybovani v odbéru vzorka velmi vysoké. V rdmci stejného
vzorku tkané nékteré fibrotické manifestace budou reak-
tivni a nékteré reparativni, nékteré budou statické a jiné
dynamické. Casto neni mozné rozlisit rizné formy, jelikoz
sdileni urcitych prvkl a prechod do ostatnich je mozny.
Identifikace specifickych a pravdépodobné dominantnich
typa fibrézy bude proto dllezitd pro individualizované
antifibrotické pfistupy.

Porozuméni fibréze myokardu v rtiznych
fenotypech srdecniho selhani

Fibroza a fenotyp srdecniho selhani

Fibréza je ¢asto zkoumdna v i experimentalnich zvifecich
modelech srdec¢niho selhani. Patofyziologie procesu fibré-
zy je komplexni, je dulezité znat informace, které umozni
rozlisit, o jaky typ fibrézy se jedna. Mezi rGznymi etio-
logiemi srdec¢niho selhani jsou velmi odlisné spoustéce,
dynamika a charakteristika fibréznich procest. V textu je
diskutovana kardialni fibréza v prostredi IM, pfi tlakovém
pretizeni a starnuti (obr. 1), stejné jako u kardiomyopatii
a srdecniho selhani se zachovanou ejek¢ni frakei.

Fibréza myokardu po infarktu myokardu

Pro modelovani lidského IM bylo vyvinuto nékolik zvi-
fecich modeld. IM zpusobuje vyraznou reakci — ,hojeni
poranéni tkani”. Poc¢atecni silnd zdnétliva reakce zacind
hned po IM a vrcholi v zavislosti na pouzitém modelu treti
az sedmy den po IM. Neutrofily, monocyty, makrofagy,
ale také samotné fibroblasty uvolnuji faktory, které pa-
sobi na fibroblasty a spoustéji profibrotickou reakci ve-
douci k vytvoreni infarktové jizvy. Kontrolovand invaze
zadnétlivych bunék je predpokladem pro sprdvné hojeni
a prevenci myokardidlni ruptury. Po pocatecni zanét-
livé fazi nasleduje faze proliferacni, kde se fibroblasty
preménuji na myofibroblasty, migruji a proliferuji, coz
vede k reparacnim procesiim. V zavislosti na pouzitém
zvifecim modelu narlstd obsah kolagenu ve tkani ctyfi
az sedm dnd po IM s nejvyraznéjsim zvySenim po tfech
az Sesti tydnech. Mechanické vlastnosti tkané ovliviuje
vedle mnozZstvi kolagenu napf. také typ kolagennich vla-
ken. V konecné fazi se formuje stabilni jizva. Pfesna role
fibroblastd a bunék, které jsou zdroji fibroblastovych bu-
nék v prostfedi po infarktu myokardu, neni dostatecné
vysvétlena, zc¢asti kvuli obtizim s identifikaci tohoto typu
bunék in vitro. Jako pomérné specificky marker aktivo-



J. Petfkova, M. Taborsky

343

Akutni faze | Pozanétliva faze
1-7 dni 7 dni-6 mésict
@[:] sesiend
o > ME. S matrix
O s
Infarkt @ (o) nglogenni Protizanétlivy p
3 Ma
myokardu D LS ver | {\;:ED
H O
Fibrogenni / 4
—
2 chyméza
Spoustéci faze
6B | 162
€ ([ Timp-1)
1D
HyperTENZE s s >
Diferenciace
MyoF ¢
" Depozice proteind C]
extracelularni
T
Proliferace F
Mo o i i
A g o (5]
Starnuti 2
o
St
ot e

Zima
burika

2 ; X
Tuorba
mikrocévy

®

Neutrofilni
granulocyt

@®

Monocyt Fibroblast Desticka

Makrofdg | Lymfocyt Myofibroblast

Ny
R

Sesiténi
matrix

Endotelialni
bunka

60

j-—Vaskularni buiika

( o, % hladkych svalti
Apoptoticky
fibroblast

Obal
pericytu

Starnouci
myofibroblast

Kardiomyocyt Cova

Kolagen

OO0 ODOE @EGE e =

Obr. 1 - Grafické znazornéni formace srdecni fibrézy v prilbéhu casu v prostiedi IM, pfi tlakovém pietizeni a starnuti. Rozsah a pribéh
fibrotického procesu ovliviiuji specifické etiologické faktory a reparativni reakce. (llustrace: Maartje Kunen, Medical Visuals.)

Angll - angiotenzin II; CTGF - rustovy faktor pojivové tkané; DAMPS — s nebezpecim asociované molekularni vzory; ET-1 - endotelin-1;

IL - interleukin; L - lymfocyt; Ma - makrofag; MC - mastocyt (Zirna burka); MCP-1 - monocytarni chemoatraktivni protein-1; MF/MyoF -
myofibroblast; MMP — matrixové metaloproteindza; MV - kapilary; N — neutrofil; PAI - inhibitor aktivatoru plazminogenu; PDGF - rlistovy
faktor z desticek; TGF - transformujici ristovy faktor; TIMP — tkanovy inhibitor metaloproteinazy; TNF — tumor nekrotizujici faktor.

vanych, kolagen-syntetizujicich fibroblastd byl v posledni
dobé identifikovan fibroblastovy aktiva¢ni protein (FAP).
Inaktivni fibroblasty nebo pIné diferenciované myofib-
roblasty a non-fibroblastové bunky jeho expresi nevy-
jadfuji. Jako dalsi marker aktivovanych fibroblastu je
zvazovan periostin. lzolace kardialnich fibroblastl po
infarktu myokardu ziskanych z in vivo stimulovaného
prostfedi a ex vivo nam poskytuje nahled k porozuméni
jejich funkci.

Fibroza myokardu v modelech s tlakovym
pretizenim (napr. hypertenze)

V experimentalnich modelech srde¢niho selhani indu-
kuje tlakové pretizeni nadmérnou tvorbu myokardialni
ECM a produkci kolagenu. Chronické tlakové pretize-
ni vede ke vzniku dysproporcidlnich kolagenovych for-
maci v myokardu levé komory. Za centralni protein pfi
formovani fibrézy spojené s tlakovym pretizenim je po-
vazovan transformuijici rGstovy faktor B (TGFp). Je akti-
vovan nékolika cirkulujicimi hormony, napf. angioten-
zinem Il a endotelinem-1, ale i bunécnym pretizenim/
zatizenim (,stretch and strain”). Signdlni dradha TGFB
vede k aktivaci Smad2/3 a Rho/ROCK signalizace, dale
také k aktivaci kindz a proteind souvisejicich se stresem,
jako napfiklad p38, ERK1/2, a zvySenému vyjadieni rds-
tového faktoru pojivové tkané (CTGF). U fibrézy myo-
kardu, ktera vznikd v reakci na tlakové pretizeni, bylo

pfedcasné starnuti myofibroblastd identifikovano jako
zakladni antifibroticky mechanismus a také jako poten-
ciadlni terapeuticky cil.

Starnuti

Starnuti je jeden z klicovych hybatell fibrézy myokardu.
Zvifeci modely a studium lidskych biopsii demonstruji, Zze
obsah kolagenu se v srdci progresivné zvétsuje s pokroci-
lym vékem, také depozice kolagenu je spojovana s dlou-
hodobou zatézi srdecnich stén a s diastolickou a systoli-
ckou komorovou dysfunkci. S vyssim vékem se nejenom
zvysuje produkce kolagenu, ale také jeho degradace se
stavd méné efektivni. Spoustéce fibrézy ve starnoucim
srdci jsou rozmanité a v disledku toho mUze byt fibréza
pfitomna ve vice formach. V reakci na poranéni kardio-
myocytl a ztrdtu bunék mdizeme pozorovat reparativni
fibrézu (replacement). Zaroven se kvlli trvalému zanétu
a na véku zavislému narudstu oxida¢niho stresu mlze ob-
jevit intersticidlni fibréza. Musime si uvédomit, Ze na véku
zavisla fibroza se obvykle rozviji spolu s jinymi procesy,
napfiklad v soucinnosti s fibrézou, ktera se vyviji v reakci
na srde¢ni poranéni.

Fibroza myokardu u geneticky podminénych
kardiomyopatii

Fibréza u geneticky podminénych kardiomyopatii se
mUzZe projevit jako jemna intersticidlni fibréza nebo jako
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reparativni fibréza, obé v dUsledku strukturnich zmén
v reakci na genovy defekt. Proto je nalez fibrozy napfi-
klad pomoci magnetické rezonance (MR) obecné povazo-
van za rany projev nemoci, i kdyz je systolicka funkce stale
v normé. Casna fibréza u kardiomyopatii je velmi zavaz-
nym ndlezem, moznost zlepseni srde¢ni funkce je obvykle
minimalni. Je zfejmé, Ze udalosti, které vyvolavaji fibrézu
u kardiomyopatii, jsou velmi rlznorodé a zahrnuji celou
fadu proces(, jako jsou smrt bunék, metabolické poruchy,
neurohormonalni aktivace a pfimé toxické ucinky zmuto-
vanych proteinG.

Fibréza myokardu u srdecniho selhani se
zachovanou ejekéni frakci

Srdecni selhani se zachovanou ejekéni frakcei predstavuje
témér polovinu pripadl selhdni srdce. Pfidruzend one-
mocnéni jsou klicovymi faktory pro progresi fibrézy, za-
hrnuji starnuti, obezitu, hypertenzi a diabetes. Rozsah
fibrézy myokardu (méfeno T1-MRI) souvisi s mirou diasto-
lické dysfunkce. Profibrotické signaly jsou rozmanité a lisi
se od klasickych, systolickych signalt srdecniho selhani.
Fibréza se obvykle projevuje jako perivaskularni a jemna
intersticialni fibréza a je spojovana se systémovym zané-
tem. Fibréza maze mit mnoho tvafi, podobnych fibréze
zpusobené starnutim, hypertenzi nebo v reakci na zanét-
livé a metabolické (napf. obezita) spoustéce, také se mlze
prekryvat s reparativni fibrézou, v pfipadech probéhlého
malého IM nebo myokarditidy. Je zfejmé, Ze soucasnou
vyzvou je zlepsit stanoveni fenotypu, a Iépe tak pochopit
proces fibrézy u této komplexni choroby.

Chronicka fibroticka reakce na srdecni selhani

Je jasné, Ze u srde¢niho selhani, doprovazejiciho chronic-
ké choroby, je pozorovana trvala fibroticka reakce, ktera
je zpocatku moznd reparativni, ale v urcitém okamziku
spiSe pfispiva k poskozeni orgdntl a k jejich selhani. Zda
se tedy, ze v urcitych formach a stadiich srde¢niho selhani
nelze , vypnout” fibrotickou reakci a ze urcita mira fibro-
geneze pretrvava.

V soucasnosti neni zndmo, jak lze rozlisit endogenni,
nezbytnou a pfinosnou fibrotickou reakci od excesivni,
trvalé a Skodlivé fibrotické reakce, kterd vede k depozici
matrix a , zvazivovaténi” tkané. Pfedpokladame, Ze indu-
kujici faktory, které zpUsobuji tuto chronickou fibrotic-
kou reakci jsou mnohonasobné, véetné trvalé proliferace
fibroblastd a jejich aktivace, inhibice myofibroblastové
apoptozy a pFitomnosti trvalého systémového a lokalni-
ho zanétu nizké intenzity.

I kdyZz mechanismy a patofyziologické procesy spojené
se vznikem kardidlni fibrézy zatim nedovedeme dobre
definovat, podafilo se ndm rozpoznat v tomto procesu
nékolik hracd. Jak je popsano vyse, TGFB hraje ustfedni
roli v proliferaci fibroblastt a v jejich preméné na myofib-
roblasty. TGFp je produkovan myofibroblasty ve vysokych
mnozstvich, aby vytvofil cyklus aktivace myofibroblastd.
To muze vést k progresivni fibréze, tato situace nastava
naptiklad u lidské idiopatické plicni fibrozy. V experimen-
tech |éciva, ktera cili na drahy TGFB a MAPK, naznacuji
moznost, Zze myofibroblastovy fenotyp lze zvrétit, ale zda
Ize téchto vysledkl dosdhnout i in vitro, zdstéava nejasné.
Chronicky systémovy zanét nizkého stupné, ktery mize-
me pozorovat u srde¢niho selhani, také vyznamné po-

tencuje fibrézu. TGFB ma pleiotropni ucinky na imunitni
systém a maze mit jak imunosupresivni, tak prozanétli-
vou funkci a mlze také polarizovat makrofagy a neutro-
fily vzhledem k fenotypu M2, tedy k produkci velkého
mnozstvi prozdnétlivych cytokinu.

Experimentalni studie naznacuji mozny pfinos ovlivné-
ni zanétlivé a imunomodulacni reakce pro omezeni remo-
delace po IM a pro redukci fibrozy.

Preklinické studie pfinesly slibna data pfi pouziti inhi-
bitoru tumor nekrotizujictho faktoru o (TNFa). Bohuzel
klinické studie se steroidy a blokatory TNFa prekvapivé
nepfinesly ucinky zadné, nebo dokonce mély negativni
ucinky. Prenos tohoto experimentdlniho pozorovani do
klinické mediciny selhal, coZz naznacuje, ze latky ,rozsah-
le” zasahujici imunitni systém pravdépodobné nepredsta-
vuji uzite¢nou strategii pro terapii. Zajimava v této sou-
vislosti se jevi nedavna studie CANTOS, kterd prokazala,
Ze cilend inhibice inteleukinu-1a sniZila kardiovaskularni
a nadorové prihody, byt do malé miry.

Navrh minimalniho hodnoticiho profilu ke
screeningu kardialni fibrozy (HFA)

Termin ,fibréza myokardu” musi byt upfesnén a po-
tencidlné individualizovan, abychom mohli nabidnout
efektivni terapii pro pacienty se srde¢nim selhdnim a kar-
diadlni fibrézou. Pro experimentdlni studie navrhujeme
minimalni soubor parametrd, ktery by mél byt dodrzen,
aby umoznil ohodnotit rozdily pfitomného typu fibrézy.
V tabulce 1 jsou shrnuty klicové funkce, charakteristika
onemocnéni, analytické metody a biomarkery v rdznych
typech fibrézy. Tyto poznatky jsou podkladem pro identi-
fikaci terapeutickych moznosti u rtznych podtyp fibrézy
véetné fibrézy vyvolané srde¢nim selhanim.

Je potieba zlepsit metody pro detekci fibrézy
pomoci biomarkert a zobrazovacich technik

Detekce fibrozy myokardu neni jednoducha ve zvitecich
modelech a jesté méné v klinickém prostredi, kde odbér
vzork( myokardidlni tkdné neni snadno pfistupny. Zlatym
standardem pro studie na lidech je zhodnoceni kvality
(tj. fokalni, intersticidlni nebo perivaskularni distribuce)
a kvantifikace fibrézy v biopsiich myokardialni tkané s po-
moci histologickych technik. Endomyokardialni biopsie
(EMB) jsou limitovany Spatnym odbérem vzorkd a malymi
fragmenty tkdné. Jedinecnou moznost nabizi studie u ex-
plantovanych srdci. EMB je invazivni vykon asociovany
s rizikem komplikaci a chyby pfi odbéru vzorka. Je proto
tfeba vyvijet a Siroce aplikovat alternativni, neinvazivni
a idedlné stejné nebo jesté vice spolehlivé metody.

Cirkulujici biomarkery fibrézy myokardu

Jsou méritelné v séru nebo plazmé za pouziti spo-
lehlivych a schvdlenych metod (napf. ELISA). Obecné
pouzivané biomarkery fibrézy pomahaji porozumét
kolagenové produkci (napf. N-terminalni propeptid
prokolagenu, N-terminalni propeptid prokolagenu
typu Il [PIINP] nebo non-strukturdlni (glyko)proteiny,
které moduluji produkci kolagenu nebo jeho matura-
ci, napf. periostin, mimekan, monocyty chemoatrahu-
jici protein 1, galektin-3. Déle jsou do krevniho obé-
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Tabulka 1 - Prehled klicovych funkci, podminek, analytickych metod a biomarkert v riiznych typech fibrozy

Typ fibrozy Funkce Podminky onemocnéni Metody detekovani | Krevni
v tkani biomarkery
Reparativni fibrézy Nahrazovani Nekréza myocytd (ischemie, | Histochemie, MR CITP, PICP
nekrotickych bunék | infekce, autoimunita, srdce, pozdni syceni | PINP, PIIINP
toxicita, genova mutace)
Reaktivni fibréza Produkce nové matrix | Produkce matrix v reakci Histochemie, MR CITP, PICP,
mezi bunkami na ziskany nebo geneticky srdce, T1 mapovani galektin-3, sST2
spoustéc extracelularniho a periostin
objemu
Perivaskuldrni fibréza Produkce nové matrix | Perivaskularni fibroza pfi Histochemie Neznédmé
mezi cévami tlakovém pretizeni nebo
vaskularnim stresu
Zucastnéné bunky
(Myo)fibroblasty Reparativni Vétsina onemocnéni srdce Znaceni periostinu, Periostin,
a reaktivni FAP, SMA mimekan,
SPARC
Buniky hladkych svald Perivaskularni Tlakové pretizeni, vaskulitida | Znaceni SMA
a reaktivni
Zénétlivé bunky Reparativni Akutni a chronické srde¢ni Znaceni makrofagti, | sST2, CRP,
a reaktivni onemocnéni monocytl, neutrofill | galektin-3
(CD45)
Obsah/mechanismy
Produkce kolagenu Stavebni proteiny Zdravé a nemocné srdce Imunoznaceni, rtPCR | CITP, PICP, PINP,
PIINP
Glykoproteiny/proteinoglykany Intercelularni Vétsina onemocnéni srdce Imunoznaceni, rtPCR | Galektin-3,
komunikace sST2, periostin,
mimekan,
SPARC
MMP a jejich inhibitory (TIMPs) Rovnovaha mezi Zdravé i nemocné srdce Imunoznaceni a testy | MMP-1
produkci a degradaci aktivity, rtPCR a MMP-9,
kolagenu TIMP-1 a TIMP-2
Ristové faktory: TGF, CTGF, FGF, Wnt | Stimulant kolagenové | Vétsina onemocnéni srdce Imunobloty, ND
drahy produkce, ovliviiuje signalizujici cesty
tvorbu zanétu

CITP - C-termindlni propeptid prokolagenu I; CRP - C-reaktivni protein; MMP — matrixovd metaloproteindza; MR — magneticka rezonance;
PINP - (amino) propeptid prokolagenu I; PIIINP - N-termindIni propeptid prokolagenu III; rtPCR - reverzni transkripce polymerazové reté-
zové reakce; sST2 — rozpustny ST2; TIMP - tkariovy inhibitor metaloproteinaz.

hu uvolnovany napf. metaloproteindzy (MMP) (napf.
MMP-3, MMP-9, MMM-11 a MMP-12) a jejich inhibitory
(napf. TIMP-1 a TIMP-3), které se podileji na rovnovaze
degradace kolagenU a Ize je spolehlivé zméfFit. Existu-
je velké mnozstvi literarnich dat na téma potencidlni
uzitecnosti samotnych markerd nebo soubord markerda.
Obecné plati, Ze mnoho téchto markert je cennych pro
predpovidani klinického rizika. Bylo prokdzano nékolik
faktord, které predpovidaji reakci na antifibrotickou
l[é¢bu, zatim napfiklad u antagonistd mineralokorti-
koidnich receptorl. Pouziti téchto markeru se viak ne-
stalo klinickym standardem kvdli limitované sile a kvali
technickym obtizim pfi méreni, které casto vyzaduje
pracné a nakladné radioimunoeseje. V neddvné dobé
bylo zkoumano nékolik novych fibrotickych biomarke-
rd, v€etné galektinu-3, sST2 a periostinu. Tyto markery
mohou byt obecné zméreny metodou ELISA, kterd je
snadno a rychle proveditelna.

Cirkulujici koncentrace biomarkert fibrézy nemuseji
korelovat s ndlezy zjisténymi histologicky pfi prokdzané
kardialni fibréze, a proto je zapotrebi opatrnosti pfi in-
terpretaci hodnoty systémovych biomarker( ve vztahu
k myokardidlnimu onemocnéni.

V idedInim pripadé bychom potiebovali biomarker, ktery
je specificky pro kardialni fibrézu, nebo prinejmensim adek-
vatné reaguje na zmény ve fibréze myokardu. Avsak vzhle-
dem k tomu, Ze vétsina fibrotickych procest je sdilena mezi
orgdny, takové biomarkery nemuseji existovat, a proto je
pouziti cirkulujicich biomarkert fibrézy k posouzeni fibrozy
myokardu velmi obtizné az nemozné. Kromé toho biomar-
kery obecné nerozlisuji zcela jasné, o jakou fibrozu se jedna
nebo co je jejim spoustécim faktorem. Proto je pouziti téch-
to faktord pro presnou diagnostiku zatim problematické. Je
pravdépodobné, Ze potencidl téchto fibrotickych biomar-
kert je v soucasné dobé limitovan, predevsim s ohledem na
omezenou specifi¢nost dostupnych fibrotickych biomarkerd.



346 Smérem k lepsi definici, kvantifikaci a 1é¢bé fibrézy u srde¢niho selhani

Zobrazovaci techniky k vizualizaci a kvantifikaci
fibrozy

Nejrozsifenéjsi zobrazovaci technikou v soucasné péci
o pacienty se srdecnim selhanim je echokardiografie.
Klasickd dvourozmérna echokardiografie vsak poskytuje
malo informaci o pfitomnosti nebo rozsahu fibrézy. Po-
drobnéjsi informace o tkanich, které souviseji s fibrézou
myokardu pfi vySetieni biopsii, poskytuji modernéjsi tech-
niky (tissue velocity imaging a global longitudinal systo-
lic strain). Kromé echokardiografie mame k dispozici MR
srdce, techniku, kterd nahrazuje EMB jako zlaty standard
pro identifikaci a kvantifikaci kardialni fibrézy. Je zfej-
mé, Ze srdecni MR nemuze kvuli ndkladdm pIné nahradit
echokardiografii jako primarni zobrazovaci modalitu. MR
ma nesporné vyhody hluboké fenotypizace, s cilem vybrat
pacienty se specifickymi patofyziologickymi charakteris-
tikami nebo jejich monitorovani v prabéhu terapie. Po-
uzitim metody pozdniho syceni gadoliniem (delayed ga-
dolinium enhancement) je mozné vizualizovat jizvovou
tkan, napfiklad po transmuralnim infarktu myokardu.
Pozdni syceni gadoliniem identifikuje predevsim fokalni
reparativni fibrézu, nové moderni techniky v srde¢nim
MR by mohly rozsifit moznosti zobrazeni. Nejzajimavéjsi
se jevi novd MR technika T1 srde¢niho mapovani, ktera
méfi longitudindlni relaxacni cas individudlnich proto-
nU, coz je zndzornéno jako pixelovd mapa. T1 mapova-
ni umoznuje kvantifikaci extracelularni objemové (ECV)
frakce myokardu. ECV neni méfitkem vyhradné fibrozy,
ale spise odrazi difuzni zmény vcetné fibrézy, ale také
intersticialniho edému, degradace a agregace proteing,
akumulace lipidd a depozice Zeleza a amyloidu. Dulezité
je, Zze pritomnost nebo rozsiteni fibrozy detekované MR
souvisi se $patnou klinickou prognézou. K hodnoceni pfi-
tomnosti a rozsahu fibrézy myokardu mohou byt pouzity
také jiné zobrazovaci techniky. Vyzvou je vyvoj postupt
k 1é¢bé nebo prevenci dalsiho vyvoje fibrézy na zakladé
poznatkl ze srde¢ni magnetické rezonance. Slibnym pfi-
stupem by bylo oznaceni specifickych molekul se stano-
venym vztahem k fibréze myokardu a jejich zobrazeni,
naptiklad nukledrnimi technikami, s konecnym cilem spe-
cifické lécby.

Potfebujeme nové specifické terapie pro
cilenou lécbu fibrézy

Cilend lécba fibréozy by mohla byt pfinosna v lécbé
srde¢niho selhani. Tvorbu fibrézy redukuji inhibitory an-
giotenzin konvertujiciho enzymu a antagonisté minera-
lokortikoidnich receptorq, ale je zifejmé, Ze zUstava rezi-
dudlni fibréza a je potifeba se na ni zamérit. NejdUlezitéjsi
je zjistit, v jakém stadiu se naléza fibrézni proces, co jsou
spoustéce a které buriky a proteoglykany zde hraji roli.
Dale je diskutovano nékolik novych mozZnosti terapie.

Faktor rastu pojivové tkané a pirfenidon

Inhibice tvorby fibrézy v tlakové pretizeném srdci je nejlé-
pe dosazeno zmirnénim primdarnich stresord, tedy zvyse-
ného krevniho tlaku. Jako specificka cilend lécba fibréozy
je testovan TGFp (napf. pirfenidon), blokatory receptor(
angiotenzinu nebo blokatory endotelinovych receptoru,
inhibitory ERK nebo inhibice CTGF. Na rozdil od fibrozy

po IM se zda, Ze inhibice excesivni fibrézy pfi tlakovém
pretizeni je obecné bezpecna a dobre tolerovana.

RlUstovy faktor pojivové tkané je matricelularni
bilkovina, kterd moduluje signalizaci mnoha cytokint
a signald ECM, vcetné téch od TGFp, kostni morfogenetic-
ké proteiny, Wnt, vaskuldrni endotelidlni rastovy faktor
a integriny. ProtoZe moduluje vice cest soucasné a pres
nékolik rGznych mechanismd, uc¢inky CTGF se kombinuiji
a jsou kontextové zavislé (tj. zavislé na prostiedi a media-
torech), a proto je jeho biologie velmi slozita.

Exprese CTGF je vyvoldvana fadou rlznych patofyzio-
logickych inzultd, pfi zvySené expresi napomaha a pod-
poruje diferenciaci bunék smérem k aktivovanym myo-
fibroblastim, které se ukladaji a remodeluji ECM. CTGF
se podili na nékolika pozitivnich smyckach zpétné vazby,
které mohou propagovat remodelovani tkané a fibrozu,
a proto by mél byt povazovan za centralni mediator fibro-
zy. Cilem inhibice CTGF je tedy narusit tyto pozitivni zpét-
né vazby a zastavit progresi fibrézy, a pripadné ji zvratit.

Lidska monoklonalni protildtka FG-3019, kterd se vaze
na CTGF a zasahuje do jeho ¢innosti, byla pfinosna v mo-
delovych studiich u hlodavcl, neonatdlnich krys s bron-
chopulmonalni dysplazii a u modelu zuzené aorty. Kli-
nické testovani FG-3019 indikuje excelentni bezpecnostni
profil, latka byla testovdna na zhruba 400 pacientech
s diabetickym onemocnénim ledvin, nddorovym onemoc-
nénim pankreatu, idiopatickou plicni fibrézou nebo ja-
terni fibrézou.

Pirfenidon je synteticka molekula, u které byl pfi l1écbé
zaznamendn pokles exprese rdznych profibrotickych fak-
torll, v¢etné TGFB1, TNFa, rdstového faktoru z desticek
(PDGF) a kolagenu. Vysledky z experimentalnich mode-
G poskytly dukazy pro terapeuticky ucinek pirfenidonu
pfi tlakovém pretizeni a hypertenzi, 1écba vedla k redukci
arytmogenniho substratu.

Matrixové metaloproteinazy (MMP)

Primarné v modelech IM byly hodnoceny ucinky regulace
aktivity MMP na srdecni fibrézu a remodelaci levé komo-
ry. Byly pouzity také inhibitory MMP (MMPi). Vysledky
ve zvitecich modelech MMPi byly povzbudivé. Zatim ale
nemdme dost znalosti o celém rozsahu funkci a indivi-
dudlnich rolich MMP.

Inhibitory galektinu-3

Galektin-3 je lektin, ktery je zvysené exprimovan myofib-
roblasty, monocyty a makrofagy, jez jsou pritahovany do
mist poskozeni a fibrézy u pacientd se srdecnim selhanim.
Studie u mysi s nedostatkem galektinu-3 naznacily, Ze ga-
lektin-3 se opravdu uplatiiuje pfi vzniku fibrézy myokar-
du. Inhibice galektinu-3 ,velkymi karbohydraty”, ,anti-
sense” RNA efektivné snizuje organovou fibrézu.

Nekédujici RNA

V neddvné dobé bylo navrzeno nékolik strategii terapie
zalozené na nekédujici RNA (microRNA, dlouhé nekoduiji-
ci RNA). Zda se, Ze specifické nekddujici RNA hraji klicové
role v regulaci fenotypu kardidlnich fibroblastd a jejich
modulace. Specifické nekddujici RNA se zdaji byt ucinné
jak ve zvitecich modelech, tak v klinickych studiich; v sou-
Casné dobé probiha II. faze testl u pacientd s fibrézou
ledvin s pomoci inhibitoru microRNA-21 (http:/regulusrx.
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Tabulka 2 - Klicova doporuceni

Vyzvy Pozadavky

Zdokonaleni charakterizace fibrozy

. Charakterizace typu, genetického pozadi, patologickych zmén, vliv pfedchozich terapii.

. Charakterizace onemocnéni a ¢asového okamziku, kdy byly provedeny analyzy.

. Charakterizace kvantity a kvality fibrézy.

Zlepseni detekce fibrozy

. Nutnost lepsich zobrazovacich postupt.

. Nutnost kardiospecifickych biomarkeru se vztahem k fibréze myokardu.

. Zlep3eni v multiomickych technologiich s cilem 1épe identifikovat klicové faktory fidici fibrézu.

Zacileni |écby fibrozy

1
2
3
4. Charakterizace kli¢ovych bunék a souvisejicich glykoprotein(.
1
2
3
1

. Ziskat precizni znalost o tom, kterd ¢ast nebo ucastnik patologického procesu a v jakém case
mUze byt terapeuticky zacilena.

2. Navrh novych lékd, které ovliviuji zdvaznou fibrézu.

com/programs/pipeline/). Tyto pfistupy na bazi nekéduijici
RNA by mohly poskytnout moznost lécby srde¢ni fibrézy
a remodelace, pokud se tyto inhibitory microRNA poda-
fi selektivné dopravit do srdce — miRNA-21 je exprimo-
vana ve vsech tkdanich. Jiné microRNA, jako je napfriklad
miRNA-29b, zfejmé maji vice kardiospecifické ucinky.

Budouci sméry a zavéry

V odborném stanovisku HFA jsou shrnuty poZadavky
a doporuceni, jak rozsitit znalosti o srde¢ni fibréze a zlep-
Sit jeji terapii (tabulka 2). Potfebujeme takové strategie,
které umozni rozliseni podtypld fibrézy. Abychom lépe
porozuméli dynamice tvorby fibrézy, potifebujeme také
preklinické studie na relevantnich zvifecich modelech.
Pokrocilejsi modely in vitro by mohly umoznit lepsi funk¢-
ni kontrolu, mechanistické porozuméni procesu fibrézy
a také hodnoceni a screening antifibrotickych strategii.
Dostupnd data spojuji pocatecni fazi fibrézy se silnou
zanétlivou reakci. Pozdéji prispivaji k progresi fibrozy
specifické medidtory a cesty fibrozy (prevazné specifické
fibroblastické faktory, napf. TGFpB, osteopontin a galekti-
ny), které jsou odliSné od mechanismd modulujicich z&-
nét. Je zapotrebi vazit roli zanétu v patogenezi fibrézy
a vyzvou do budoucna je zacileni specifickych molekul
a cest, které pusobi na fibrézu (specifické interleukiny)
tak, abychom nepotlacili ¢asto pfinosny ucinek zanétlivé
reakce. Obrovskd rozmanitost zanétlivych, imunologic-
kych a molekuldrnich mechanismd prispivd ke kardial-
ni fibréze: komplexni souhra mezi aktivaci adaptivniho
imunitniho systému, pfeménou a proliferaci fibroblast
do myofibroblasty, aktivaci mastocytl, neutrofilniho in-
fluxu a produkci, modulaci, maturaci a apozici kolagenu
v extraceluldrnim prostredi. Tyto komplikované vazby by
mély byt vzaty v potaz pfi navrhovani a testovani novych
antifibrotickych terapii.

V klinickém rozhodovani pfinesou informace biomar-
kery specifické pro onemocnéni a zobrazovaci modality,
jez pomohou identifikovat pacienty, ktefi by mohli vyu-
zit specifické terapie. AZ donedavna se pokusy inhibovat
fibrézu soustredily hlavné na samotné profibrotické fak-
tory. Vzhledem k tomu, Ze fibréza je fizena a udrzovana
aktivaci nékolika propojenych a vzadjemné komunikujicich
profibrotickych cest. Mohl by pfistup zaméreny pravdé-
podobné na vice cilG zpomalit progresi fibrézy. Pouziti
systémU biologickych pfistupt a multiomickych technolo-
gii ndm mUze pomoci v tomto Usili k porozuméni sito-
vé signalizaci. V kone¢ném duUsledku by pfi vyvoji terapii
adekvatnich pro lé¢bu fibrézy mély byt zvazeny antifibro-
ticka strategie, ktera kolektivné cili na dalezité zanétlivé
signaliza¢ni molekuly, profibrotické cytokiny a bunécné
funkce.

Zavérem, v tomto textu byly shrnuty soucasné meze-
ry ve znalostech v oblasti fibrézy myokardu a poskytnuty
vzory pro hodnoceni fibrézy jak v translacnich, tak v kli-
nickych studiich.
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bim prvnich milostnych vznétl a platonickych prvnich lasek
vyrovndva s neobycejnou néhou a citem, ale bez sentimen-
tu. Kapitola reflektujici gymnazialni studia je dokonalou
ilustraci vysoké kvality vyuky vychazejici z tradic prvorepub-
likového Skolstvi. Studenti méli v naprosté vétsiné ve svych
kantorech vzory spontdnniho vlastenectvi, moralky i etiky.
Ostatné presvédcivym ddkazem udrovné uciteld téchto Usta-
vU je skute¢nost, Zze fada z nich kratce po roce 1945 mohla
zahdjit prednasky na vysokych skolach.

Pozornost ¢tenare zvlasté z fad stfedni a mladé lékar-
ské generace nepochybné prekvapi podminky pocatku
praxe mladého lékare Petraska. Vzpominky této katego-
rie zamérené na casné popromocni obdobi, totiz na léta
1953-1956, jsou vymluvnym dokladem stavu verejného
zdravotnictvi v Ceském Krumlové, ve mésté, které v oné
dobé neslo vsechny negativni znaky pohranici. Navzdory
tomu anebo snad pravé proto odchazel MUDr. Jan Petra-
Sek splnit svUj zivotni sen, totiz sat se |ékarem Ill. interni
kliniky V3eobecné nemocnice s dobrym zakladem.

Kapitoly vénované plsobeni na lll. interni klinice ve-
dené inspirujicim prof. Charvatem vyplriuji podstatnou
¢ast knihy. V prvnich letech se dr. Petrasek kromé celé-

Jan Petrasek: Vzpominky aneb honem
nez to zapomenu

Praha: Galén, 2019, 340 s.
Vydani prvni, format 130 x 200 mm, vazany vytisk, barevny.
: ISBN 9788074923838.

ho oboru vnitfniho Iékarstvi vénoval predevsim sympa-
toadrenalnimu systému. V tomto useku endokrinologie
dosahl vynikajicich vysledkt, coz mj. vedlo k tomu, zZe kli-
nika se stala centrem pro takto nemocné z celé republiky.
Je potésenim cist, jak zaujatost problémem, entuziasmus
a vytrvalost dokdazaly prekonat nepfizen ¢asu a podmi-
nek pro védeckou praci na klinikdch v Sedesatych, resp.
v sedmdesatych letech. DalSim oborem, kterému se prof.
Petradsek vénoval, byla kardiologie. Inicioval a posléze od
roku 1972 fadu let vedl jednotku intenzivni péce. Spolu
s MUDr. J. Simonovou vydal ucebnici ,Kritické stavy ve
vnitfnim |ékarstvi”, kterd se na dlouhou dobu stala je-
dinym manudlem pro zacinajici intenzivisty. V roce 1977
zaved| jako jeden z prvnich u nas do rutinni praxe echo-
kardiografii a spolu s MUDr. Jaromirem Hradcem sepsali
ucebnici echokardiografie, prvni toho druhu. Zasadnim
zplsobem pfrispél k tomu, Zze ve Vseobecné nemocnici
byla uplatnéna koncepce diferencované intenzivni péce.

Uz jsem zminil, Ze prof. Petrasek patfi mezi obavané
recenzenty, vSeobecné znama je jeho editorska a lektor-
ska c¢innost v ramci prestiznich nakladatelstvi zdravotnic-
ké literatury. Nelze ovsem opominout, Ze béhem 17 let,
kdy byl vedoucim redaktorem Casopisu lékaf( ¢eskych,
ucinil z tohoto periodika vlajkovou lod Ceské lékafské
spolecnosti J. E. Purkyné. Je politovanihodné, Ze toto mi-
moradné usili bylo zmareno v dusledku finanéniho defici-
tu a skoncilo v bezbfehém ocednu internetu.

Pozornost zasluhuji rovnéz popisy nejriiznéjsich klinic-
kych udalosti, osudy spolupracovnikt, podobné jako defi-
|é prominentnich pacientd, ktefi prosli klinikou.

Kniha prof. Petraska je nabita fakty, ktera zaujmou lé-
kare bez ohledu na specializaci, stejné jako historika me-
diciny ¢i laika. Je nesporné, ze k atraktivité textu pfispi-
va kultivovany jazyk, neobvykle krasna cestina. Ze viech
téchto dlvodu se kniha ¢te se zaujetim a lehce.

Prof. Petrdsek zpravidla konci svoje recenze odbornych
knih otdzkou, komu je text urcen. Soudim, Ze jeho vzpo-
minky predevsim mediklm a zacinajicim lékardm. Je to
totiz mimoradna lekce moudrosti o vytrvalosti, zodpovéd-
nosti, empatii, pokore a ucté k tém, ktefi ukazuji cestu.

Doc. MUDr. Petr Barttinék, CSc.,

IV. interni klinika, 1. Iékarska fakulta Univerzity
Karlovy a Vseobecna fakultni nemocnice v Praze,
e-mail: pbartunek@post.cz
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Hlavnim tématem bude opét optimalni vyuziti jednotlivych zobrazovacich metod v diagnostice a lécbé
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