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Plvodni sdéleni | Original research article

Increased CRP/albumin ratio is associated with superficial
venous reflux disease and varicose vein formation
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Zanét

Kontext: Nedavno byl publikovén nazor, ze kromé zvyseného zilniho tlaku muize vznik a progresi kiecovych
Zil ovliviiovat i zdnét. Pomér C-reaktivniho proteinu (CRP) a albuminu (CRP/albumin ratio, CAR) predstavuje
novy marker zanétu spojeny s nepfiznivou progndzou u rdznych skupin pacientd. Cilem nasi studie bylo zjis-
tit vztah mezi pramérem varikdzni velké safény (varicose greater saphenous vein, VSM) a parametrem CAR.
Metody: Do studie bylo zafazeno celkem 150 pacientl s nedostate¢nosti VSM (skupina 1, n = 114)
a nepostizenymi VSM (n = 36). Primér VSM se méfil B-mode ultrazvukem a reflux se kvantifikoval délkou
uzavirdni chlopné mérenou spektralni dopplerovskou kfivkou. Krevni vzorky se odebiraly pfi zafazovani
pacient( do studie. Hodnota CAR se stanovuje vydélenim hodnoty CRP hodnotou albuminu v séru.
Vysledky: Skupinu 1 tvofilo 21 (18,4 %) muz( a 93 (81,5 %) Zen; ve skupiné 2 bylo 7 muzl a 29 Zen. Prdmérny
vék pacientd v obou skupinéach byl podobny (48,02 + 12,20 roku ve skupiné 1 vs. 44,9 + 8,92 roku ve skupiné
2; p = 0,44). Primérnad hodnota indexu télesné hmotnosti (BMI) pacientl se vyznamné nelisila (skupina 1:
26,4 + 3,7 kg/m? vs. skupina 2: 25,7 + 4,2 kg/m? p = 0,13). PrGmérné hodnoty priméru VSM byly 5,70 + 0,29
mm ve skupiné 1 a 3,21 + 0,34 mm ve skupiné 2 (p = 0,0023). Priimérné hodnoty CRP a albuminu ve skupiné 1
byly 6,18 + 4,99 mg/l, resp. 4,45 + 0,27 g/dl; ve skupiné 2 to bylo 4,25 + 2,46 mgl/l, resp. 6,18 + 1,14 g/d| (hod-
nota p pro CRP = 0,049, hodnota p pro albumin = 0,074). Pomér CRP/albumin ve skupiné 1 ¢inil 1,28 + 1,34;
ve skupiné 2 byla namérena hodnota 1,11 + 1,21, tedy statisticky nevyznamny rozdil (p = 0,58). Byla nalezena
stfedné tésnd korelace mezi primérem VSM a pomérem CRP/albumin i refluxem povrchovych Zil (r: 0,48).
Zavér: Zvyseny pomér CRP/albumin je spojen se zvysenou incidenci varix(i a vétsim pramérem velké safény,
a tedy i vyssi incidenci refluxu povrchovych zil. Zjisténi podporuji hypotézu, ze ve vzniku kiecovych zil mize
hrat jistou ulohu systémovy zénét.

© 2021, CKS.

ABSTRACT

Background: It has been recently postulated that inflammation may have an effect on varicose vein develop-
ment and prognosis, besides increased venous pressure. CRP/albumin (CAR) is a novel inflammatory marker
associated with poor prognosis in a various group of patients. Our aim in this study was to investigate the
relation between varicose greater saphenous vein (VSM) diameter and CAR.

Methods: A total of 150 patients with patients VSM insufficiency (Group 1, n: 114) and normal VSM (n: 36)
were included in the study. The diameter of the VSM was measured with B-mode ultrasound, and reflux was
quantified based on valve closure time using Doppler spectral tracings. Blood samples were taken during
recruitment. The CAR value is determined by dividing the serum CRP level to the albumin level.

Results: There were 21 (18.4%) males and 93 (81.5%) females in Group 1 and 7 males and 29 females in
Group 2. Mean age of the patients were similar in both groups (48.02+12.20 years in Group 1 vs. 44.9+8.92
years in Group 2, p = 0.44). Mean BMI of the patients did not differ significantly (Group 1: 26.4+3.7 kg/m?
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vs. Group 2: 25.7+4.2 kg/m?, p = 0.13). The mean diameter of VSM was measured 5.70£0.29 mm in Group 1
whereas 3.21£0.34 mm in Group 2 (p = 0.0023). Mean CRP and albumin values in Group 1 were 6.18+4.99
mg/L and 4.45+0.27 g/dL whereas 4.25+2.46 mg/L and 6.18+1.14 g/dL in Group 2, respectively (p value for

Keywords: CRP =0.049, p value for albumin = 0.074). CRP/albumin was 1.28+1.34 in Group 1 and 1.11+1.21 in Group 2,
Albumin which was not statistically significant (p = 0.58). There was a positive moderately strong correlation between
CRP VSM diameter and CRP/albumin ratio as well as superficial venous reflux disease (r: 0.48).

Inflammation Conclusion: CRP/albumin ratio is associated with increased incidence of varicose veins and increased diame-

Superficial venous reflux disease
Varicose veins

ter of greater saphenous vein; hence, superficial venous reflux disease. The findings support the hypothesis
that systemic inflammation may play a role in varicose vein disease.

Introduction

Varicose veins are among the most common conditions of
chronic venous reflux disease (CVD)." Reports about the
varicose vein prevalence varies between 5-30% in gene-
ral population, and it deteriorates the quality of life of
the patients.” Meanwhile, the economic burden of the di-
sease rises, as its incidence increases.? Vena saphena mag-
na (VSM) incompetence is the most widespread site of the
upper-knee segment varicose disease." Although venous
hypertension, incompetence of venous valves, and blood
reflux are well known mechanisms of venous reflux, infla-
mmation is another potential factor suggested for patho-
genesis.® The fundamental role of inflammation in other
vascular diseases has already been recognised.? Moreover,
inflammatory markers have been shown to be more ele-
vated in blood taken from varicose veins than systemic
circulation.?4

C-reactive protein (CRP) is an acute phase reactant
produced upon inflammatory situations.®> Several studies
have investigated the relation between CRP and venous
function.®” Albumin is also considered as an inflammatory
marker, and its low levels have been associated with poor
nutrition and worse outcomes in various inflammatory
conditions including leg ulcer healing.>® CRP to albumin
ratio (CAR) is a novel inflammatory indicator, assumed to
be more powerful than the each marker alone in terms of
determining inflammatory status.® Up to now, the signifi-
cance of CAR has been investigated in various clinical situ-
ations such as diabetes mellitus, coronary artery disease,
cancer, and vasculitis.?

The literature lacks reports regarding the correlation
between the diameter of the VSM, and inflammation and
nutrition markers. The aim of this study was to evaluate
the correlation between CAR and superficial venous re-
flux disease related with the varicose veins and the diam-
eter of the VSM.

Patients and methods

The study comprised a total of 150 patients. Among
them 114 consecutive patients (21 [18.4%] males, 93
[81.5%] females) comprised the study group with su-
perficial venous reflux disease (Group 1) whereas 36 he-
althy individuals (7 [19.4%] males, 29 [80.5%] females)
comprised the control group (Group 2). Demographic
characteristics were retrospectively reviewed from the
retained electronic file records of the participants. This
study was conducted in accordance with the Declarati-

on of Helsinki. The local institutional ethics committee
approved the study.

The main symptoms of the patients were pain, ede-
ma, itching and cramp in the legs. Patients with active
or chronic infectious disease, autoimmune disease, cere-
brovascular disease, morbid obesity, peripheral arterial
disease, hematological diseases, severe hepatic and re-
nal disease, malnutrition, deep vein thrombosis, venous
ulcers and malignancy were excluded from the study.
Doppler ultrasonography was performed on all patients.
The patients were carefully examined about venous in-
sufficiency and increased diameter of VSM. Also, patients
were evaluated by taking blood samples to examine bio-
chemical parameters.

After 12 hours fasting, venous blood samples were
obtained from antecubital veins. LDL, urea, creatinine,
hemoglobin, white blood cells (WBC), CRP and albumin
values were evaluated.

Greater saphenous vein diameter was measured with
duplex ultrasound 3 cm below the saphenofemoral junc-
tion, while the patient was standing. Diameters were
measured on B-mode transverse projections at the cross-
ing of the fascia. An ultrasound scanner equipped with
a 7.5-MHz transducer was used in all cases (ATL HDI 3000,
Advanced Technology Laboratories, Bothell, Wash). The
Clinical, Etiology, Anatomy, and Pathophysiology (CEAP)
classification was used in the assessment of venous dis-
ease and the clinical findings were examined with the Ve-
nous Clinical Severity Score.

In the patients who had saphenofemoral junctional
and/or greater saphenous vein reflux with manual com-
pression when the patient is standing or with Valsalva
maneuver for more than 0.5 second and with measured
diameter of the greater saphenous vein more than 5.5
mm in Doppler ultrasonography, the interventional ther-
apy was planned. All the patients are prescribed compres-
sion stockings.

Statistical analysis

Number Cruncher Statistical system (NCSS) (Kaysville, Utah,
USA 2007) programme was used for statistical analysis. Stu-
dy data were analyzed using descriptive statistical methods
such as mean, standard deviation, median, frequency, ra-
tio, minimum, maximum. Normally distributed quantitative
data were analysed by Student t test, and non-normally
distributed data were analysed by Mann-Whitney U test.
Comparison of qualitative data was performed by Fisher
Exact Test. Spearman’s rank correlation was used to test the
correlation among data. The r values below 0.2, between
0.2-0.4, 0.4-0.6, and 0.6-0.8 and above 0.8 indicated very
weak or no correlation, poor correlation, moderate corre-
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Table 1 - Demographic features of the patients in groups

Demographic features

Male

Female

Mean age (years)

BMI (kg/m?)

Smoker

Ex smoker

Deep venous insufficiency

Superficial venous reflux

Bilateral greater saphenous vein reflux
Lesser saphenous vein insufficiency
Perforating vein reflux

Increased VSM diameter without reflux
The mean diameter of VSM (mm)
Mean CRP value (mg/dL)

Mean albumin value (g/dL)
CRP/albumin (CAR) value

Group 1 (n: 114)
21 (18.4%)
93 (81.6)
48.02+£12.20
26.4+3.7

52 (45.6%)
20 (17.5%)
17 (14.9%)
86 (75.4%)
16 (14%)

12 (10.5%)
17 (14.9%)
28 (24.6%)
5.70+0.29
6.18+4.99
4.25+2.46
1.28+1.34

Group 2 (n: 36)
7 (19.4%)

29 (80.5%)
44.9+8.92
25.7+4.2

13 (36.1%)

10 (27.7%)

3.21+0.34
4.45+0.27
6.18+1.14
1.11+1.21

BMI - body mass index; CAR — CRP to albumin ratio; CRP — C-reactive protein; VSM - greater saphenous vein.

Table 2 - Correlation analysis

Correlation r value
CRP and VSM diameter 0.52
Albumin and VSM diameter -0.09
CAR and VSM diameter 0.48
CRP and bilateral venous reflux 0.42
Albumin and bilateral venous reflux -0.07
CAR values and bilateral venous reflux 0.4
CRP and lesser saphenous vein reflux 0.45
Albumin and lesser saphenous vein reflux -0.08
CAR values and lesser saphenous vein reflux 0.42
CRP and perforating veins reflux 0.41
Albumin and perforating veins reflux -0.05
CAR values and perforating veins reflux 0.4
CRP and deep venous system reflux 0.47
Albumin and deep venous system reflux -0.08
CAR values and deep venous system reflux 0.45

CAR - CRP to albumin ratio; CRP - C-reactive protein; VSM - grea-
ter saphenous vein.

r value:

<0.2: Very weak or no correlation

0.2-0.4: Poor correlation

0.4-0.6: Moderate correlation

0.6-0.8: Strong correlation

>0.8: Very strong correlation

lation, strong correlation and very strong correlation, re-
spectively. The p values (two-tailed) lower than 0.01 with
99% confidence level and 0.05 with 95% confidence level
were considered as statistically significant.

Results

The cohort consisted of a total of 150 patients divided into
two groups. Patients with superficial venous reflux disease
(n: 114) comprised Group 1 and healthy individuals devoid
of varicosities were included into Group 2. There were 21
(18.4%) males and 93 (81.5%) females in Group 1 and 7
males and 29 females in Group 2. Mean age of the patients
in Group 1 was 48.02+12.20 years and 44.9+8.92 years in
Group 2, which were similar (p = 0.44). Diabetes mellitus
and hypertension was not detected in any patients in both
groups. Body mass indexes were calculated 26.4+3.7 kg/m?
in Group 1 vs. 25.7+4.2 kg/m? in Group 2 (p = 0.13). Se-
venty-two patients were smokers and 20 of them were ex-
-smokers in Group 1 and corresponding numbers in Group
2 were 23 and 13. Demographic features of the patients in
both groups are presented in Table 1.

All the patients underwent duplex USG of the symp-
tomatic lower extremity. Doppler USG revealed deep
venous insufficiency in 17 patients in Group 1 as well
as superficial venous reflux disease in 102 legs. Bilateral
greater saphenous vein reflux disease was detected in 16
patients. Lesser saphenous vein insufficiency and perfo-
rating vein reflux disease was present in 12 and 17 pa-
tients, respectively in Group 1. Twenty-eight patients
with varicosities did not have refluxing VSM despite in-
creased VSM diameter. The mean diameter of VSM was
measured 5.70+0.29 mm in Group 1 where as 3.21+0.34
mm in Group 2 (p = 0.0023). Mean CRP and albumin val-
ues in Group 1 were 6.18+4.99 mg/dL and 4.45+0.27 mg/
dL where as 4.25+2.46 g/dL and 6.18+1.14 g/dL in Group
2, respectively (p value for CRP = 0.049, p value for albu-
min = 0.074). CRP/albumin was 1.28+1.34 in Group 1 and
1.11+1.21 in Group 2, which was not statistically signifi-
cant (p = 0.58). There was a positive moderate correlation
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between the VSM diameter and CRP (r: 0.52). The correla-
tion between albumin and VSM diameter was negative;
however, very weak (r: -0.09). Again there was a positive
moderately strong correlation between VSM diameter
and CAR (r: 0.48).

The correlation analyses were also performed between
the CRP, albumin, CAR values and venous reflux disease
affecting both legs, lesser saphenous vein, perforating
veins and deep venous system. Similarly, there was a posi-
tive and moderately strong correlation with CRP values,
negative and very weak correlation with albumin and
moderately strong positive correlation with CAR. The
data regarding the correlation analysis are presented in
Table 2.

Discussion

Venous insufficiency is a disease of the mankind even de-
scribed in the ancient medical writings. It has a life-long
prevalency approximately 30% in general population.™ It
leads to discomfort in the lower extremities, cramps, pain
and in advanced cases, edema, pigmentation and ulcer for-
mation all of which significantly affect the quality of life of
the patients." The sapheno-femoral junction insufficiency
and/or reflux disease of the VSM are blamed for superficial
venous reflux phenomenon in most instances.'

Various mechanisms are accused in the formation of
varicose veins. Insufficient valves promoting vein dilation,
venous stasis, and eventually venous hypertension are
known to be the principle mechanisms.® Increased venous
pressure and valve coaptation defects are the identifiable
known factors; however, the underlying mechanisms are
still controversial.’ The cellular events are thought to be
an important factor in the beginning and progression of
the pathology.™ In this context, some factors such as peri-
vascular fibrin cuffs, ischemia, hypoxia and inflammation
are proposed in the etiology. In some studies, white blood
cell infiltration was detected as a supporting factor of the
inflammation role in the etiology of varicose veins."

The triggering mechanism of the inflammatory cas-
cade may be the pathological environment as a result of
elevated venous pressure and a change in shear stress.”
It is thought that increased venous pressure and wall
hypoxia may cause leukocyte activation and migration.
This mechanism leads to mediator secretion which ends
up decreased elasticity of venous wall.”> TGF-B1 is one
of the released substances following the inflammation.
The overexpression of TGF-B1 was found associated with
increased production of inducible nitric oxide (NO) syn-
thase in varicose veins. Also the overproduction of NO
improves the production of TGF-B1 and this may lead to
progressive hypertrophy of venous wall due to cell cycle
pathology.”™ This hemodynamic alterations create an in-
flammatory environment leading to disease progression
and complications.® Also, in the literature, there are some
studies that have shown infectious agents such as cyto-
megalovirus, chlamidia pneumonia, Helicobacter pylori,
and some herpesvirus subtypes may be responsible in the
triggering of vascular inflammatory cascade.®

CRP and serum albumin are two of the inflammation
markers and widely used in clinical practice. While CRP is

a positive acute phase reactant, albumin serves as a neg-
ative acute phase reactant. Decreased albumin may be
related with chronic diseases, impaired endothelial func-
tions, and may be an indicator of inflammatory status."
Besides measurement of these markers is a simple and in-
expensive to analyze the inflammation.®

Recently, the CAR has been widely studied and found
to be associated with infection, malignancy, inflamma-
tion, and various others as well as for the prediction of the
prognosis in certain disease states.> Also, CAR has been
recently shown to be used as a disease activity marker in
patients with Takayasu arteritis, rheumatoid arthritis and
Crohn’s disease.' Akkececi et al determined 1.14 as a cut-
off value of CAR for Takayasu arteritis with 96.9% sensi-
tivity and 96.9% specificity.’® When compared with either
sole hs-CRP or albumin alone, the CAR is found superior
as a predictor of prognosis in patients with acute medical
pathologies. Recently, CAR is also found strongly associ-
ated with poor prognosis in patients with tumor or sep-
sis. The CAR is thought to have higher sensitivity due to
being a combination of two different reliable markers."

The role of inflammatory cascade in the etiology of
venous insufficiency attracted attention in recent years.
There are several studies in the literature confirming this
hypothesis.® Saharay et al. found acute and temporary
leucocyte activation by inducing venous hypertension
in patients with varicose veins.?® Another study showed
marked chemokine expression in varicose veins which
they believe attracts leucocytes in the area and trigger in-
flammatory process.® Poredos et al showed more elevated
levels of inflammatory markers like CRP and interleukin-6
in blood samples of drawn from the varicose veins of the
patients than systemic blood.® Mosmiller et al. compared
neutrophil count and neutrophil-lymphocyte ratio in pa-
tients with mild versus severe chronic venous insufficien-
¢y, and suggested to use neutrophil-lymphocyte ratio as
a severity predictor in this clinical context.?’ Karahan et
al. demonstrated a relation between the severity of the
chronic venous insufficiency and serum albumin levels.
Moreover, fibrinogen/albumin ratio was a good predic-
tor of disease progression with 75% sensitivity and 87.5%
specificity in their study.??> Legendre et al. revealed lower
serum albumin and higher CRP levels in patients with leg
ulcers compared to controls, and an association between
protein deficiency and leg ulcers healing process.®

In our study, we observed increased CAR in patients
with varicose veins. We detected significant correlation
between the CAR and superficial venous reflux disease,
diameter of dilated VSM and varicose veins supporting
the role of inflammation in the etiology of venous insuf-
ficiency. To the best of our knowledge, this is the first
prospective study to demonstrate a correlation between
CAR and varicose VSM diameter.

Limitations

This study has several limitations. The relatively small
sample size of patients and single-centered design are the
main limitations. Since the study was performed in a sin-
gle-center, the number of patients was small to achieve
a subgroup analysis. Another limitation regards to the
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lack of immediate postoperative and postoperative long-
-term blood samples and correlation analysis; however,
early postoperative period is an inflammatory state and
blood samples drawn at that period would not reveal re-
liable correlation analysis. On the other hand, we do not
know how long the healing period would last in patients
undergoing conventional surgical superficial venous re-
flux disease or in patients receiving treatment with per-
cutaneous endovenous techniques; hence, the study also
lacks long-term follow-up blood tests.

Conclusion

In conclusion, CRP/albumin ratio has been found strong-
ly associated with varicose VSM diameter in this present
preliminary study. Further multicentre based studies with
larger cohors size are warranted to validate CRP/albumin
ratio cut-off values to predict various prognostic criteria
for the course of the superficial venous reflux disease in
the affected patients.
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Kontext: Cilem studie bylo zjistit zdvaznost zanétlivé odpovédi po vykonu PEARS (personalized external
aortic root support) s vytvorenim personalizovaného externiho stentu pro aortalni kofen ve srovnani se stan-
dardni profylaktickou operaci aortalniho korene (standard prophylactic aortic root surgery, SPARS).
Material a metody: Studie byla monocentrickou, retrospektivni analyzou nemocnicnich zaznamu pacientd,
u nichZ byla v obdobi 1998-2017 provedena bud PEARS (skupina PEARS), nebo SPARS (skupina SPARS).
U v8ech pacientt se rutinné stanovovaly hodnoty C-reaktivniho proteinu (CRP) a pocet bilych krvinek (whi-
te blood count, WBC) a provadélo se echokardiografické vysetreni. Horecka byla definovéna jako télesna
teplota > 38 °C. Diagndza perikarditidy se stanovovala na zdkladé nejméné tfi znamek z bolesti na hrudi,
perikardialniho vypotku, elevace Useku ST, zvysenych hodnot CRP a télesné teploty.
Vysledky: Do skupin PEARS a SPARS bylo zafazeno 13, resp. 14 pacientu s indikaci k profylaktické operaci
aortalniho kofene. Vétsina pacient(i v obou skupinach méla Marfantv syndrom s kauzalni mutaci v genu pro
fibrilin 1 (FBN1) (62 % vs. 79 %). Vstupni charakteristiky pacientl v obou skupinach byly podobné s vyjimkou
aortalniho korene, ktery byl ve skupiné SPARS statisticky vyznamné vétsi nez ve skupiné PEARS (60 + 12 mm
vs. 48 £ 5 mm; p = 0,003). Vsechny operace byly Uspésné a probéhly bez vétsich komplikaci. Nejvyssi hodnoty
CRP a WBC byly statisticky vyznamné vyssi ve skupiné PEARS (264,5 + 84,4 mg/l vs. 184,6 + 89,6 mg/l; p =
0,034, resp. 15,2 + 3,8 10%I vs. 11,9 + 3,3 10%I; p = 0,029). Casna a recidivujici hore¢ka vyzadujici opétovnou
hospitalizaci se vyskytla ¢astéji ve skupiné PEARS (77 % vs. 36 %; p = 0,032, resp. 46 % vs. 7 %; p = 0,020).
Casna a recidivujici perikarditida vyzadujici hospitalizaci byla rovnéz ¢ast&jsi ve skupiné PEARS (31 % vs. 0 %;
p =0,024, resp. 31 % vs. 0 %; p = 0,024).
Zavéry: Metoda PEARS je velmi slibna chirurgickd metoda; pooperacni zanétlivd odpovéd se viak vyskytuje
Castéji a ve srovnani s metodou SPARS je zavaznéjsi. Tyto vysledky je vSak samoziejmé nutno déle zkoumat
a ovérovat.

© 2021, CKS.

ABSTRACT

Background: The study aimed to determine the severity of inflammatory response after the personalized
external aortic root support (PEARS) procedure in comparison to after the standard prophylactic aortic root
surgery (SPARS).

Materials and methods: The study was a single-centre, retrospective, based on hospital record analysis of
patients who underwent the PEARS procedure (PEARS group) or SPARS (SPARS group) during 1998-2017.
C-reactive protein (CRP), white blood count (WBC), and echocardiography were routinely obtained. Fever
was defined as body temperature >38 °C. Diagnosis of pericarditis included a minimum of three signs from
chest pain, pericardial effusion, ST elevation, elevated CRP, and body temperature.

Results: PEARS and SPARS groups consisted of 13 and 14 patients, respectively, scheduled for prophylactic
aortic root. A majority of patients in both groups had Marfan syndrome with causal mutation in the fibrillin
1 (FBN1) gene (62% vs 79%). Patient baseline characteristics were similar in the two groups, except aortic
root was significantly larger in the SPARS group than in the PEARS group (60+12 mm vs 48+5 mm; p = 0.003).
All surgical procedures were successful and without major complications. The peak values of CRP and WBC
were significantly higher in the PEARS group (264.5+84.4 mg/L vs 184.6+89.6 mg/L; p = 0.034 and 15.2+3.8
10%/L vs 11.9£3.3 10%/L; p = 0.029). Early and recurrent fever requiring hospital readmission was significantly
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and 31% vs 0%; p = 0.024).

warrant further investigation.

more frequent in the PEARS group (77% vs 36%; p = 0.032 and 46% vs 7%; p = 0.020). Early and recurrent
pericarditis requiring hospital readmission was also more frequent in the PEARS group (31% vs 0%; p = 0.024

Conclusions: The PEARS procedure is an extremely promising surgical technique, but the postoperative in-
flammatory response occurs frequently and more severely in comparison to SPARS. Clearly, these findings

Introduction

Prophylactic aortic root surgery is essential for patients
with increased risk of aortic dissection. These are in par-
ticular patients with aortic root dilatation due to various
genetic disorders. In addition to the widely used standard
prophylactic aortic root surgery (SPARS), there is a novel
technique, the ExoVasc® personalized external aortic root
support (PEARS)."? The idea behind PEARS is to utilize
a less invasive surgical procedure that involves wrapping
macroporous mesh around the aortic root? to support
the aorta and prevent further aortic dilatation and dis-
section. PEARS implantation is generally a safe procedure
and cardiopulmonary bypass (CPB) is not mandatory.*®
The macroporous polyethylene mesh is wrapped around
the entire ascending aorta, thereby leaving both coro-
nary artery origins intact.® The risk for late development
of an aortic pseudoaneurysm is considered to be extreme-
ly low, because the aortic root remains without an anas-
tomosis or another vessel wall injury after the procedure.
Since 2015, the PEARS procedure has become optional for
patients within our tertiary centre having genetic disor-
ders leading to aortic root dilatation. Somewhat surpris-
ingly, the rate of inflammatory response after the PEARS
procedure is rather high in our single-centre experience.
The aim of the present study was to investigate formally
whether an inflammatory response after PEARS implan-
tation is more frequent or severe in comparison with that
after SPARS.

Material and methods

Study group

This was a retrospective, single-centre, observational
study based on detailed patient chart analysis. All pa-
tients included had undergone prophylactic aortic root
surgery at the Institute for Clinical and Experimental
Medicine tertiary centre in Prague during 1998 to 2017.
Informed consent was obtained from all individual par-
ticipants included in the study. The PEARS procedure had
been approved by the local Ethics Committee and by the
State Institute for Drug Control.

The study cohort consisted of two groups: a PEARS
group and a SPARS group. The PEARS group included
all consecutive patients who had undergone the PEARS
procedure at our centre exclusively from 2015 to 2017.
All patients undergoing PEARS had had aortic root dilata-
tion plus either a causal mutation in the fibrillin 1 (FBN 1)
gene or a strong family history of aortic dissection and/
or aortic root dilatation in two or more relatives. For the
SPARS group, the hospital database was searched and all
consecutive patients with a causal mutation in the FBN 1

gene who had undergone a prophylactic aortic root re-
placement within the period 1998-2017 were included.
To obtain a composition of the SPARS group similar to
that of the PEARS group, the first three patients with bi-
cuspid aortic valve who had undergone prophylactic aor-
tic root surgery recently in 2017 were also included into
the SPARS group.

Perioperative assessment and signs

of inflammation

All PEARS procedures were performed by a single, most
experienced surgeon. The surgical procedures in the
SPARS group were performed by four experienced sur-
geons. During the perioperative hospitalization, the body
temperature and vital signs were checked at least once
a day. The highest body temperature each day was in-
cluded into the analysis. A body temperature >38°C was
considered as fever. Early fever was that which occurred
early after the surgery and prior to hospital discharge
while late fever was defined as fever occurring after hos-
pital discharge. The blood tests including white blood
count (WBC) and C-reactive protein (CRP) were checked
prior to surgery and at least twice after the procedure
before hospital discharge. Electrocardiography (ECG) was
performed prior to surgery, at least twice daily on the day
of surgery, and repeated daily during the first three post-
operative days. ST elevation was defined as a temporary
>1 mm ST segment elevation in more than two leads on
the ECG in comparison to the pre-procedural ECG. Echo-
cardiography was routinely performed in all patients pri-
or to hospital discharge. A diagnosis of acute pericarditis
was based on the presence of at least three signs from the
following: ST elevation, typical chest pain, increased body
temperature or CRP level, and presence of pericardial ef-
fusion on echocardiography (Fig. 1). Early pericarditis was
that occurring early after the surgery and prior to hos-
pital discharge. Acute pericarditis presentation after the
hospital discharge was regarded as late pericarditis.

Patient follow-up

The follow-up consisted of clinical examination, including
echocardiography, ECG, and blood analysis by a single
cardiologist at 3, 6, and 12 months and then every year
after the surgery in the PEARS group. All patients in the
SPARS group were scheduled for outpatient check-up 3
and 12 months after the surgery. Each visit also included
a clinical examination, echocardiography, ECG, and blood
analysis.

In the case of hospital readmission during the first year
after the surgery, the ECG, WBC, CRP, body temperature,
and echocardiography were routinely checked. Blood cul-
tures, leukocyte scintigraphy, or transesophageal echo-
cardiography were performed whenever clinically rel-
evant.
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Fig. 1 - Transthoracic echocardiography demonstrating signs of inflammation after PEARS procedure. (A)
Late acute pericarditis 227 days after PEARS implantation; asterisks indicate pericardial effusion. (B) Late
acute pericarditis 43 days after PEARS implantation; asterisk indicates pericardial effusion. (C) Aortic root
in a patient with Marfan syndrome prior to PEARS implantation (thin aortic walls). (D) Thickening of the
aortic walls 6 days after PEARS implantation in the same patient as (C), having early and late recurrent
fever; arrowheads indicate the inflammatory aortic wall thickening.

Statistical analysis

Continuous variables were expressed as means + stan-
dard deviation. Categorical variables were expressed as
percentages. Differences between study groups were as-
sessed by two-tailed t-test. P values <0.05 were regarded
as significant. The analysis was performed using Excel
2016.

Results

The PEARS group consisted of 13 patients from the total
of 14 patients who had undergone the PEARS procedure.
One Romanian patient was excluded from the analysis for
lack of complete follow-up. All patients eligible for the
SPARS group were included in the analysis, and the SPARS
group consisted of 14 patients. The average follow-up in
the PEARS group was 456 (94-830) days and that in the
SPARS group was 2002 (117-4605) days. Patient baseline
characteristics did not differ significantly between the
groups except that aortic root diameter was 48+5 mm in
the PEARS group versus 60+12 mm in the SPARS group
with p = 0.003 (Table 1). A majority of patients in both
groups (62% vs 79%; p = 0.352) had been diagnosed with

Marfan syndrome and a causal mutation in the FBN 1
gene (Table 1). With the exception of total procedural
time, differences in procedural characteristics were highly
significant between the two groups (Table 1). All surgi-
cal procedures were technically successful in both groups
without major complications.

The average body temperature peaked between the
2nd and 4th postoperative days in both groups and with
no significant difference (Table 1). Peak average of CRP
was significantly higher in the PEARS group that in the
SPARS group (264.5+84.4 mg/L vs 184.6+89.6 mg/L; p =
0.034). White blood count was also significantly more el-
evated in the PEARS than the SPARS group (15.2+3.8 10%/L
vs 11.9+£3.3 10%L; p = 0.029; Table 1). ST elevation occurred
significantly more frequently in the PEARS group than
in the SPARS group (85% of patients vs 43%; p = 0.024;
Table 1). Early fever was present significantly more fre-
quently in the PEARS group than the SPARS group (77%
vs 36%; p = 0.032; Table 1). Late fever occurred in 46% of
patients in the PEARS group versus 7% of patients in the
SPARS group (p = 0.020; Table 1). Readmission for severe
symptomatic fever was required in two patients of the
PEARS group, and one of these two patients was readmit-
ted twice for symptomatic recurrent fever within the time
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Table 1 - Patients baseline characteristics, procedural characteristic, and postprocedural inflammatory characteristics

Characteristics ;’IE»:R153)group (S':'A:Rf 45)”0”’) el
Patient baseline characteristics

Age (years) 37+8 43+11 0.178
Males 11 (85) 10 (71) 0.430
Marfan syndrome 8(62) 11 (79) 0.352
Arterial hypertension 5(39) 5 (36) 0.888
Diabetes mellitus 1(8) 2 (14) 0.603
Creatinine clearance (MDRD, ml/min) 133+30 126+30 0.678
Systemic inflammatory disease (N) 0 (0) 2 (14) 0.169
Aortic root dimension (mm) 4845 60+12 0.003
Previous cardiac surgery (N) 0 (0) 2(14) 0.195
CRP (mg/L) prior to surgery 2.6+1.6 4.8+6.2 0.474
WBC (10%L) prior to surgery 7.0(1.7) 7.1(1.6) 0.874
Procedural characteristics

Cardiopulmonary bypass (N) 9 (69) 14 (100) 0.024
Time aortic cross-clamping (min) 4+13 140+44 <0.001
Total procedural length (min) 279457 294+45 0.472
One-/two-valve surgery (N) 0 (0) 13 (93) <0.001
Postprocedural inflammatory characteristics

Peak level of CRP (mg/L) 264.5+84.4 184.6+89.6 0.034
Peak WBC (10%L) 15.2+3.8 11.9+3.3 0.029
ST elevation (N) 11 (85) 6 (43) 0.024
Average body temperature (°C) 37.7£0.5 37.6+0.4 0.642
Early fever (N) 10 (77) 5 (36) 0.032
Recurrent fever (N) 6 (46) 1(7) 0.020
Early pericarditis (N) 4 (31) 0 (0) 0.024
Recurrent pericarditis (N) 4 (31) 0 (0) 0.024
Persistent atrial fibrillation (N) 4 (31) 6 (43) 0.534

span of 6 to 251 days. There was one episode of late fever
in the SPARS group which required hospital readmission
49 days after the surgery. An infective origin of fever was
ruled out in all patients of the PEARS and SPARS groups
after a detailed comprehensive investigation.

Early and recurrent pericarditis was diagnosed solely in
patients from the PEARS group. Both early and late peri-
carditis occurred in 31% of patients in the PEARS group,
and thus the difference in the occurrence of pericarditis
was highly significant between the two groups (p = 0.024;
Table 1). Hospital readmission for acute pericarditis was
required 6 times in 4 patients of the PEARS group within
the time span of 11 to 284 days. One of these patients
required hospital readmission for acute pericarditis three
times in total.

Discussion

The present study is to our knowledge the first attempt-
ing formally to investigate whether an inflammatory re-

sponse after the PEARS procedure is more frequent and
severe in comparison to after SPARS. In the present study,
inflammatory response occurred significantly more fre-
quently in patients undergoing the PEARS procedure. Fe-
ver and acute pericarditis were the two main clinical pre-
sentations of the inflammation after the cardiothoracic
surgery. Transient fever was present in both groups, but
it developed significantly more frequently in the PEARS
group. Acute and late pericarditis occurred only in the
PEARS group. It is noteworthy that the relapse of both
fever and acute pericarditis occurred over a long period
ranging from 6 to 251 days and from 11 to 284 days, re-
spectively, after the PEARS procedure. In comparison,
there was only one case of late clinical inflammatory pre-
sentation in SPARS. In that case, the fever developed 49
days after the surgery.

The inflammatory response termed postimplantation
syndrome (PIS) after various surgical or endovascular
procedures involving thoracic or abdominal aorta has
been previously reported.”® Most authors define PIS as
post-procedural fever coinciding with CRP and WBC el-
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evation.’®" Although some researchers suggest that PIS
is only a transient (early or late) and probably harmless
event,'® there is also evidence of an increased rate of ma-
jor cardiac events in association with PIS."" Arnaoutoglou
et al. reported in their prospective study that patients
diagnosed with PIS after endovascular aortic aneurysm
repair were about 4-1/2 times more likely to suffer an
adverse event than were patients without PIS."" More-
over, PIS has been reported after surgical or endovascular
aortic valve replacement,” after the surgical treatment of
thoracic or abdominal aortic aneurysm, and after endo-
vascular aortic repair.8"

High implantation pressure followed by a develop-
ment of aortic hematoma after stent-graft implanta-
tion perhaps explains the PIS in part, but a biological
immune reaction to foreign material might be the most
likely explanation.™ The activation of polymorphonuclear
cells, lymphocytes, macrophages, and epithelioid cells in
a manner that has been well described plays an important
role in incorporating the foreign material into the vessel
wall.”? It can be assumed that the chemical composition
and perhaps the porosity of a particular graft might play
an important role in PIS." Vo(te et al. showed that endo-
vascular grafts made of woven polyester were associated
with higher clinical post-procedural inflammation than
were endovascular grafts made of expanded polytetra-
fluoroethylene.’ The ExoVasc® is made of the polyester
polyethylene terephthalate (known commercially as Da-
cron®), and this material might lead to increased immune
reaction after implantation. The porosity of the ExoVasc®
is very different from that of the commonly used woven
polyester, because ExoVasc® is a knitted macroporous
mesh.® Van Hoof et al. studied woven and knitted poly-
ethylene terephthalate materials wrapped around the
aorta in sheep. They showed the macroporous knitted
mesh to be better incorporated into the aortic wall af-
ter 1 year than is the low-porosity woven material. Both
types of vascular grafts showed significant aortic wall
thickening secondary to the expected acute and chronic
inflammatory reaction to foreign material and thinning
of media.?

Another inflammatory event besides PIS occurring with
variable incidence after cardiothoracic surgical proce-
dures and that has been well described is postpericardio-
tomy syndrome (PPS). Lehto et al. reported the incidence
of PPS to be 8.9% and median time until diagnosis to be
21 days in patients after isolated coronary artery bypass
grafting. The PPS diagnosis in their study was based on
presence of fever accompanied by signs of pleuritis and
pericarditis.”

Clearly, there exists a number of factors leading to
inflammation after vascular graft implantation and sur-
gical opening of the pericardium as is necessary dur-
ing ExoVasc® implantation. We suggest that because
the PEARS procedure involves wrapping a large aortic
surface with the prosthesis, indeed covering the entire
ascending aorta from the aortic annulus to the aortic
arch, in combination with the aortic root’s expansibility
during the cardiac cycle might play an important role in
the pronounced and more frequent post-procedural in-
flammation. The more frequent early and late transient
fever after PEARS implantation is probably not of ma-

jor concern. As documented in the present study within
1-year follow-up, we suggest this to be a harmless event
with no clinical consequences. A majority of these fever
events after the PEARS procedure are of noninfective
cause and might be successfully suppressed using non-
steroidal anti-inflammatory drugs (NSAID), usually on an
outpatient basis.

The relatively high incidence of early and recurrent
episodes of acute pericarditis after PEARS implantation is
more worrying. Late symptomatic constrictive pericarditis
might be a threat because its treatment involves high-
-risk surgical pericardectomy.' A total of 4 patients out of
13 in the PEARS group experienced an acute episode of
recurrent pericarditis requiring hospital readmission due
to the severity of symptoms. Medical treatment based on
colchicine and NSAID while following the 2015 guidelines
for the diagnosis and management of pericardial diseases
was successful in all patients and pericardiocentesis was
not required." Repeated admission for acute pericar-
ditis occurred in the case of one of these patients and
additional treatment with corticosteroids perorally over
a course of 7 months was required until the symptoms
completely resolved (Fig. 1). Long-term follow-up in all
these patients is warranted to determine their risk of late
complications such as constrictive pericarditis.

Consistent with previously published data,* the PEARS
procedure was successful in all patients and no major ad-
verse events were reported in the present study. The pro-
cedure appears to be relatively safe and is less complex in
comparison to SPARS. CPB was used in 69% of patients
within the PEARS group, and aortic cross-clamping was
necessary for one patient of the PEARS group. By con-
trast, all patients in the SPARS group required CPB and
aortic-cross clamping during surgery. Despite the present-
ed data on the inflammatory response after the PEARS
procedure, the overall evidence suggests that the proce-
dure itself is very promising.24>

Study limitations

The main limitations of the present study consist in its
small size and retrospective character. The PEARS tech-
nique is still rather novel, however, and an inflammatory
response after PEARS is a factor that should be taken into
consideration.

Conclusions

Our single-centre experience demonstrates PEARS to be
a feasible, generally safe, and less complex procedure
with a higher rate of post-procedural inflammatory re-
sponse. Early and late fever after PEARS is usually non-
infective, and outpatient medical treatment might be
appropriate. Recurrent acute pericarditis often requires
hospitalization and a combination of drugs. Prospective
studies on postimplantation syndrome after the PEARS
procedure are warranted.
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Cil: Cilem této studie je srovnani dlouhodobych klinickych vysledki Iécby restendz v holych kovovych sten-
tech (BMS-ISR) pomoci seal-wing a iopromidovych lékovych balonkovych katétr(i s paclitaxelem (PEB).
Metodika: Celkem bylo po dobu tfi let roky klinicky sledovédno 132 pacientd s BMS-ISR, z nichz 64 bylo |éce-
no pomoci seal-wing PEB; kontrolni skupinu tvofilo 68 pacientd z iopromidové PEB vétve predchozi studie
TIS. Primarnim cilovym ukazatelem byla cetnost vyskytu zavaznych nezadoucich kardiovaskularnich prihod
(MACE; umrti z kardiovaskularnich pficin, infarkt myokardu [IM] nebo nutnost opakované revaskularizace
cilové tepny [TVR])
Vysledky: Vyskyt MACE byl po tiech letech signifikantné vyssi ve skupiné pacientd lé¢enych seal-wing PEB
oproti skupiné iopromidovych PEB (40,6 % vs. 19,1%; p = 0,008); obdobného rozdilu bylo dosazeno ve srov-
nani nutnosti TVR (26,9 % vs. 8,8 %; p = 0,011). Doba preziti bez klinické pfihody byla ve skupiné iopromi-
dovych PEB signifikantné delsi (p = 0,021). Mezi obéma skupinami nebyly zaznamenany rozdily v mortalité
z kardiovaskularnich pficin (4,7 % vs. 5,9 %; p = 1,000), vyskytu IM (6,3 % vs. 4,4 %; p = 0,712), potvrzené
trombdzy stentl (0 % vs. 2,9 %; p = 0,497) nebo opakovanych MACE (4,7 % vs. 1,5 %; p = 0,354).
Zavér: Ve srovnani s iopromidovymi PEB je pouziti seal-wing PEB v [écbé BMS-ISR spojeno se signifikantné
vyssim tiiletym vyskytem MACE a TVR (ClinicalTrials.gov; https:/clinicaltrials.gov; NCT01735825).

© 2021, CKS.

ABSTRACT

Objectives: We aimed to compare the long-term clinical outcomes of seal-wing and iopromide-coated pacli-
taxel eluting balloon catheters (PEB) in the treatment of bare-metal stent restenosis (BMS-ISR).

Methods: A 3-year clinical follow-up of 132 patients with BMS-ISR was performed, of whom 64 were treated
with seal-wing PEB; the control group consisted of 68 patients from iopromide-coated PEB branch of the
previous TIS study. The primary endpoint was the occurrence of major adverse cardiac events (MACE; cardio-
vascular [CV] death, myocardial infarction [MI], or target vessel revascularization [TVR]).

Results: Compared to iopromide-coated PEB, the incidence of 3-year MACE was significantly higher (40.6%
vs. 19.1%; p = 0.008) in the seal-wing PEB group; a similar difference was achieved when comparing the need
for TVR (26.9% vs. 8.8%; p = 0.011). The event-free survival in the iopromide-coated PEB group was signifi-
cantly longer (p = 0.021). There were no differences in cardiovascular mortality (4.7% vs. 5.9%; p = 1.000),
occurrence of M1 (6.3% vs. 4.4%; p = 0.712), definite ST (0% vs. 2.9%; p = 0.497) or repeated MACE (4.7% vs.
1.5%; p = 0.354) between the two groups.

Conclusion: Compared to iopromide-coated PEB, the use of seal-wing PEB in the treatment of BMS-ISR is as-
sociated with a significantly higher 3-year incidence of MACE and TVR (ClinicalTrials.gov; https:/clinicaltrials.
gov; NCT01735825).
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Introduction

The effectiveness of paclitaxel-eluting balloon catheters
(PEB) is affected by the way paclitaxel is attached to the
surface of the balloon catheter. In a previous study, we
demonstrated that treatment of in-stent restenosis in
bare-metal stents (BMS-ISR) with iopromide-coated PEB
leads to a significantly lower 12-month late lumen loss
(LLL), reducing the incidence of recurrent binary resteno-
sis and major adverse cardiac events (MACE; cardiovascu-
lar [CV] death, myocardial infarction [MI], or target vessel
revascularization [TVR]) compared to seal-wing PEB.!

The aim of our current study is to compare the long-
-term clinical results of BMS-ISR therapy using these PEBs
with different binding of the active substance on their
surface.

Materials and methods

The study methodology has been described previously.'?
Our study group consisted of patients with BMS-ISR (=50%
diameter stenosis [DS]), who were treated with seal-wing
PEB (Protége) at the Department of Cardiovascular Dis-
eases, University Hospital Ostrava in the period of 2013-
2015. The control group consisted of patients with BMS-
-ISR treated with iopromide-coated PEB (SeQuent Please)
in a previous randomized TIS study.?

The main exclusion criteria were: associated disease
with an expected survival time <12 months or limiting
the possibility of control coronary angiography and the
inability to use long-term dual antiplatelet therapy.

The primary endpoint of the original study was the
12-month in-segment LLL, and the secondary endpoints
were: the frequency of binary restenosis, stent thrombosis
(ST), and the overall incidence of MACE after 12 months.’

In this study, we extended the clinical follow-up (inci-
dence of MACE) to 3 years. The occurrence of repeated
MACE was also monitored.

Prior to enrolment in the study, written Informed Con-
sent was obtained from each patient. The study protocol
complied with the Declaration of Helsinki and was ap-
proved by the Ethics Committee of University Hospital
Ostrava, Czech Republic. The study was registered at Clin-
icalTrials.gov (NCT01735825).

The PCl itself was performed under standard condi-
tions using a radial or femoral approach, 6F guiding cath-
eters and Axiom X-ray system (Siemens AG, Forchheim,
Germany). A shorter semicompliant or scoring balloon
catheter was used to predilate the lesion to prevent pos-
sible edge dissection. Subsequently, PEB was insufflated
to nominal pressure for 30 seconds. For seal-wing PEB
Protége (Blue Medical, Helmond, the Netherlands), pacli-
taxel at a concentration of 3 pyg/mm?is applied directly to
the surface of the balloon catheter between the “wings”
and the hydrophilic coating before folding. This appli-
cation is intended to prevent premature release of the
active ingredient during insertion of the balloon cathe-
ter. Only paclitaxel, not the coating, is released into the
vessel wall during balloon insufflation.3* In the case of
iopromide-coated PEB SeQuent Please (B. Braun AG, Mel-
sungen, Germany), paclitaxel is bound to the surface of

the balloon catheter at the same concentration using the
hydrophilic contrast agent iopromide (Paccocath®), which
increases its solubility and improves tissue penetration. In
the case of a suboptimal angiographic result, postdilata-
tion was performed using a non-compliant balloon cath-
eter, and in the case of edge dissection, the implantation
of another bailout stent was allowed. All patients subse-
quently received dual antiplatelet therapy for 6 months.

Clinical examinations were planned after 6 and 12
months and angiographic follow-up (quantitative coro-
nary angiography [QCA]) after 12 months in the range
of £2 months."? Subsequently, patients were followed ev-
ery 12 months, and after 3 years (+6 months) a final clini-
cal examination was performed, during which all MACE
were recorded. The evaluation of the events was blinded
and performed by an independent researcher. Any death
for which a non-cardiac cause could not be clearly ruled
out was considered cardiac. Acute myocardial infarction
was defined according to the 3rd universal definition of
the European Society of Cardiology® and stent thrombo-
sis was assessed according to criteria of the Academic Re-
search Consortium.®

Statistical analysis

Continuous variables with normal distribution are re-
ported as mean and standard deviation (SD) and were as-
sessed using Student’s t-test. Continuous variables with
abnormal distribution are reported as median and 25th
to 75th percentile and were assessed using Mann-Whit-
ney U test. Categorical variables are given as number and
percentage and were evaluated using y? or Fisher’s exact
test. A p-value <0.05 is considered significant. Kaplan-
Meier analysis with Log-rank test was used to analyse
time-to-event data. Cox proportional hazard regression
analysis was performed to assess hazard ratio with or
without adjustment to significantly different input vari-
ables. IBM SPSS Statistics version 22 software was used for
statistical analysis.

Results

We evaluated 3-year clinical data of 132 patients with
BMS-ISR. Sixty-four of them were treated with seal-wing
PEB and the control group consisted of 68 patients from
iopromide-coated PEB branch of the previous TIS study.
Table 1 shows the input demographic, clinical, angio-
graphic and ISR parameters of both groups.

Three-year clinical data were obtained from all pa-
tients. The follow-up period was 1170 days (+176; median
1260) in the seal-wing PEB group and 1210 days (+167;
median 1270) in the iopromide-coated PEB group (p =
0.089).

Table 2 presents the frequency of MACE after 12
months, in the interval of 13-36 months and in total
after 3 years. In a 3-year clinical follow-up, the use
of seal-wing PEB was associated with a significantly
higher incidence of MACE (p = 0.008) and TVR (p =
0.011) compared to iopromide-coated PEB. This sta-
tistically significant difference occurred mainly in the
first year of follow-up. Differences in the incidence
of individual adverse events: CV deaths (p = 1.000),
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Table 1 - Baseline parameters

Seal-wing PEB lopromide-coated PEB P
Demographic parameters
Patients/ISR lesions, n 64/69 68/74
Male/female 49 (76.6%) / 15 (23.4%) 43 (63.2%) / 25 (36.7%) 0.288¢
Age, years 65.25+11.01° 65.6+10.9° 1.000¢
Body mass index, kg/m? 28.38+4.932/21.19° 28.7+4.02/19.23° 1.000¢
Ejection fraction, % 52.31+10.012/55.00° 49.74+11.95%/50.0° 0.732¢
Diabetes mellitus 18 (28.1%) 17 (25.0%) 1.000¢
Renal insufficiency 2 (3.1%) 2 (2.9%) 1.000f
CABG 6 (9.4%) 3 (4.4%) 1.000
Ever smoked 31(48.4%) 31 (45.6%) 1.000f
Previous Ml 31 (48.4%) 43 (63.2%) 0.117¢
2VD/3VD 43 (67.2%) 38 (55.9%) 1.000¢
Multi ISR 5 (7.8%) 4 (5.9%) 1.000
Baseline PCI
ACSy (STEMI/NSTEMI) 37 (57.8%) 45 (66.2%) 01966
Stable AP 27 (42.2%) 23 (33.8%)
Type of lesion
B2/C 47 (68.1%) 51 (68.9%) 1.000¢
Lesion localization
LAD/RD 34 (49.3%) 35 (47.3%)
RCx/OM 15 (21.7%) 16 (21.6%) 1.000¢
RCA 18 (26.1%) 22 (29.7%)
SVG 2 (2.9%) 1(1.4%)
Diameter of the previous stent, mm 3.09+0.48%/3.00° 3.18+0.43%/3.0° 0.390°
Length of the previous stent, mm 25.67+15.482/20.00° 22.65+11.70%/19.00 0.720¢
In-stent restenosis
ACSy, STEMI/NSTEMI 19 (29.7%) 24 (35.3%)
Stable AP 42 (65.6%) 41 (60.3%) 1.000
Otbher, silent ischemia 4 (6.2%) 3 (4.4%)
Time to ISR, months 12.49+11.06%7.00° 12.10+8.47%/9.0° 1.000¢
Type of ISR
| (focal; all) 25 (36.2%) 30 (40.5%)
Il (diffuse) 33 (47.8%) 34 (46.0%) .
Il (proliferative) 6 (8.7%) 5 (6.8%)
IV (occlusion) 5 (7.2%) 5 (6.8%)
Periprocedural parameters
Cutting predilatation 20 (29.0%) 16 (21.6%) 0.933¢
ISR; PEB/EES diameter, mm 3.27£0.47%/3.17° 3.32+£0.39%/3.5° 1.000¢
ISR; PEB/EES length, mm 23.19+12.98%/20.00° 22.53+8.13%/20.0° 1.000¢
Postdilatation, atm 13.48+2.34%/12.00° 14.84+2.77%/16.0° 0.009¢
Second stent implantation 8 (11.6%) 11 (14.9%) 1.000¢
Crossover to DES 2 (3.0%) 2 (2.7%) 1.000¢

Qualitative data are given as n (%); quantitative data as ?mean (+ standard deviation) and ® median; <chi-square test; ¢Student T-test;

¢Mann-Whitney U test; fFisher's exact test.
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Table 2 - Incidence of MACE within 12 months, 1 to 3 years, Survival functions
and for the entire follow-up period
1.0~
Seal-wing PEB lopromide PEB ' _r lopromide PEB
0 0 .+ Seal-wing PEB
n (%) n (%) p? 0.8 - Censored
Patients, n 64 68 ' :
0-12 months T (6
MACE all 17(269%)  7(103%)  0.003 2
CV death 0 (0%) 1(1.5%) 1.000 g 04
MI 4 (6.3%) 1(1.5%) 0.468 S
TVR 13 (20.6%) 5 (7.4%) 0.009 0.2
Definite ST 0 (0%) 1(1.4 %) 1 Log rank test p = 0.021
1-3 years 0.0
T T T T T T T T
MACE all 9 (14.1%) 6 (8.8%) 0.343 0 200 400 600 800 1000 1200 1400
CV death 3 (4.7%) 3 (4.4%) 1,000 Time to MACE (days)
Ml 0 (0%) 2(2.9%) 0.497 Fig. 1 - Event-free survival - time to MACE.
TVR 4(6.3%) 1(1.5%) 0.198
Definite ST 0 (0%) 1(1.5%) 1.000
2nd MACE/TVR 3 (4.7%) 1(1.5%) 0.354 1.0
Non CV death 6 (9.4%) 2 (2.9%) 0.156 -7lopromide PEB
|1Seal-wing PEB
All causes of death 9 (14.1%) 5 (7.4%) 0.264 0.8 |-+ Censored
0-3 years = :
2 3
MACE all 26 (40.6%) 13 (19.1%) 0.008 S 0.6
=
CV death 3 (4.7%) 4 (5.9%) 1.000 ;
0.4
M 4(6.3%) 3 (4.4%) 0.712 37
TVR 17 (26.9%) 6 (8.8%) 0.011 0.24
Definite ST 0 (0%) 2 (2.9%) 0.497 Log rank test p = 0.006
2nd MACE/TVR 3 (4.7%) 1(1.5%) 0.354 0.0
Non CV death 6 (9.4%) 2 (2.9%) 0.156 o 250 500 750 1000 1250
All causes of death 9 (14.1%) 6 (8.8%) 0.416 Time to TVR
. 1 0, 0,
Event-free survivals 43 (67.2%) 57 (83.2%) 0.026 Fig. 2 - Event-free survival - time to TVR.
2Fisher’s exact test.
MI (p = 0.712), definite ST (p = 0.497) or repeated Figures 1 and 2 show the estimated times of event-
MACE (p = 0.354) were not significant between the -free survivals (EFS). EFS (time to MACE and time to TVR)
two groups. in the group of iopromide-coated PEB were significantly

longer compared to seal-wing PEB.

Table 3 - Cox regression analysis

Unadjusted estimates Adjusted estimates
95% Cl for HR 95% Cl for HR

Event Predictor Sig. HR Lower  Upper Sig. HR Lower  Upper
MACE Group (1 = Seal-wing PEB)  0.025 2.265 111 4.619 0.026 2.325 1.107 4.881
CV death Group (1 = Seal-wing PEB)  0.981 0.982 0.215 4.477 0.848 0.856 0.174 4.209
Acute Ml Group (1 = Seal-wing PEB)  0.367 2.184 0.400 11.93 0.287 2.648 0.441 15.894
TVR Group (1 = Seal-wing PEB) 0.010 3.162 1.320 7.573 0.009 3.387 1.363 8.420
All causes of death  Group (1 = Seal-wing PEB) 0.198 1.987 0.698 5.653 0.202 2.034 0.683 6.059
Definite ST Group (1 = Seal-wing PEB)  0.475 0.016 0 1383 - - - -

2nd MACE Group (1 = Seal-wing PEB) 0.164 5.078 0.514 50.16 0.204 4.5781 0.439 47.84
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Cox proportional hazards regression analysis proved
a significantly higher risk of MACE (including TVR) in pa-
tients treated with seal-wing PEB, even after correction for
different input parameters (e.g. postdilatation) (Table 3).

Discussion

In clinical practice, paclitaxel is used as an effective anti-
proliferative agent in DEB, which is highly lipophilic and
rapidly penetrates tissues, most often at a concentration
of 3 pg/mm?7 as was the case with both PEB evaluated by
us. The main factor that affects the effectiveness of PEB
is the way it binds to the surface of the balloon catheter.
In the original concept of the team of Scheller et al., pac-
litaxel was bound via the hydrophilic contrast agent io-
promide, which increased its solubility and permeability
(Paccocath®).”

In preclinical studies, iopromide-coated PEB showed
a significant reduction in LLL (p = 0.001) compared to un-
coated-PEB, as well as a significant reduction in maximal
thickening and area of neointimal hyperplasia (p = 0.002
and <0.001).8

Subanalysis of the SCAAR registry showed that iopro-
mide-coated PEB (paclitaxel 3 pg/mm?) is associated with
a significantly lower risk of recurrent binary ISR in the
treatment of ISR (adjusted HR = 0.48; 95% Cl 0.23-0.98)
compared to uncoated PEB (paclitaxel 2 pg/mm?).°

A number of studies have demonstrated the efficacy of
PEB in the treatment of BMS-ISR at 9-12 months of follow-
up. Their long-term results are now available. In Paccocath
I and Il studies, PEBs showed significantly lower 6-month
LLL (p = 0.002), frequency of recurrent binary restenosis (p
=0.002) and 12-month MACE (p = 0.01) when compared to
POBA." The difference in the incidence of MACE persisted
even after 5 years (p = 0.009), mainly due to a decrease in
the need for TVR from 38.9% to 9.3% (p = 0.004)."

In the PEPCAD Il study, treatment of BMS-ISR with PEB
resulted in significantly lower LLL after 6 months (p =
0.03), with a trend towards a reduced incidence of binary
restenosis (p = 0.06) and MACE (p = 0.08) after 12 months
compared to paclitaxel-eluting stents.’? However, even in
the next 3-year clinical follow-up, the differences in the
incidence of MACE (p = 0.14) and TVR (p = 0.10) did not
reach statistical significance.”

Several studies have compared PEBs with different
coatings. Nijhoff et al. achieved significantly better angio-
graphic (lower LLL: p = 0.014) functional (higher value of
fractional flow reserve distally: p = 0.029) and OCT (lower
percentage volume of intimal hyperplasia: p = 0.006) re-
sults with urea-coated PEB compared to shellac-coated
PEB in BMS or DES-ISR, however, clinically there was only
a trend towards lower target lesion revascularization
(TLR; p = 0.057)."

In a RESTORE ISR China study comparing shellaccammo-
nium and iopromide-coated PEB in predominantly DES-
ISR therapy (98%), this new type of PEB demonstrated the
non-inferiority of 9-month LLL compared to iopromide-
coated PEB (p,,= 0.02). No differences were found in the
frequency of 12-month target vessel failure (TVF; cardiac
death, target vessel Ml or TLR; p = 0.87)."

Also in the AGENT-ISR study, PEB with acetyl-tributyl
citrate and lower paclitaxel (2 pg/mm?) concentrations
achieved non-inferior 6-month angiographic results (LLL:
p,, = 0.046) compared to iopromide-coated PEB (3 ug/
mm?). No significant differences were observed in the
12-month clinical follow-up or in this study (TLR: p = 0.89
and TLF: p >0.99)."¢

Our results confirm that iopromide coating affects the
effectiveness of PEB in the treatment of ISR. In a previous
study, we demonstrated that the use of seal-wing PEB in
the treatment of BMS-ISR leads to a significantly higher
12-month LLL (p <0.0001), the incidence of recurrent bi-
nary restenosis (p = 0.012), MACE (p = 0.003) and TVR (p =
0.009) compared to iopromide-coated PEB." The difference
in the overall incidence of MACE was mainly due to a sig-
nificantly higher need for TVR in the seal-wing PEB group
due to a higher incidence of recurrent binary restenosis. In
the other individual adverse events, such as CV mortality,
MI, definite ST, or recurrent MACE, the two groups did
not differ. Differences in the incidence of MACE and TVR,
which appeared mainly during the first year, persisted
in the 3-year follow-up. The use of seal-wing PEB in the
treatment of BMS-ISR was associated with a higher risk of
MACE (including TVR) even after correlation to some dif-
ferent baseline parameters in both groups.

Limitation

Our study has several limitations. First of all, it is a non-
-randomized study comparing the study group with the
control group consisting of patients from the iopromide-
-coated PEB branch of the previous TIS study. However,
the two groups did not differ in the main risk factors, so
the selection bias should not play a significant role. Also,
the duration and manner of clinical follow-up and other
pharmacotherapy, including the duration of dual anti-
-platelet therapy, were the same in both groups.

Conclusion

Treatment of BMS-ISR with seal-wing PEB results in a sig-
nificantly higher incidence of TVR and pooled MACE com-
pared to iopromide-coated PEB in a 3-year clinical follow-
-up.
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Ciel: Hodnotenie echokardiografickych parametrov a poukazanie na r6zne sposoby merania velkosti lave]
predsiene (LP). Najst vhodny parameter, ktory by bol ¢o najpresnejsi prediktor pre recidivu fibrilacie pred-
sieni (FiP).
Metody a vysledky: Bola realizovand prospektivna analyza v obdobi od juna 2016 do juna 2018. Vstupnym
kritériom bola nevalvularna FiP a pldnovana elektricka kardioverzia (EKV). Sledované parametre: anatomic-
ké parametre (rozmer LP v M-mode, objem LP merany Simpsonovou metédou) a funkéné parametre (hod-
notenie rezervoarovej funkcie prostrednictvom 3D echokardiografie: vyprazdiovacie frakcie [EF] LP a 2D
speckle trackingu: strain LP). Statisticka analyza bola uskutoénend pomocou programu STATISTICA Cz 10.
Celkovo bolo vysetrenych 56 pacientov, po uplatneni exkltiznych kritérii sme sledovali 36 pacientov v dvoch
intervaloch (po 1. a 6. mesiaci). Priemerny vek nasho stboru bol 60 + 17 rokov. Prevazovali muZi a pacienti
s perzistujucou FiP. Pri porovnani anatomickych a funkcnych parametrov LP ako prediktora recidivy FiP ndm
Statisticky vyznamne vysli funkéné parametre. V skupine so sinusovym rytmom (SR) bola signifikantne vyssia
EF LP a GLS LP v porovnani so skupinou s FiP (EF LP: 38,3 + 6,4 vs. 28,5 = 3,20; globalny longitudinélny strain
[avej predsiene [GLS LP]: 18,5 + 5,32 vs. 9,7 £ 5,10, p < 0,001). Pri pouziti 3D volumetrie LP sa ukazal ako $ta-
tisticky vyznamny rozdiel v endsystolickych objemoch (ml/m?) v skupine so SR v porovnani s FiP (21,5 + 9,08
vs. 26,8 + 4,44, p < 0,05).
Zaver: Anatomické parametre ako prediktor rizika recidivy FiP nevysli Statisticky vyznamne. Naproti tomu funk-
¢né parametre LP vysli Statisticky vyznamne. Skutocnost, Ze existuju nové techniky na hodnotenie funkcie LP
nam otvara moznosti lepsej predikcie kardiovaskularnych prihod, a teda aj stratifikacie pacientov k recidive FiP.
© 2021, CKS.

ABSTRACT

Aim: The evaluation of echocardiographic parameters and indication of various methods of measurement
of the left atrium (LA) size. To find an appropriate parameter which would be the most precise predictor for
the atrial fibrillation (AF) recurrence.

Methods and results: A prospective analysis was executed during the period of June 2016 to June 2018. The inclusi-
on criteria were non-valvular AF and planned electric cardioversion. Monitored parameters: anatomical parameters
(LA size in M-mode, LA capacity measured by the Simpson’s method) and functional parameters (reservoir function
evaluation via 3D echocardiography, LA EF and 2D speckle tracking, LA strain). The statistical analysis was carried
out via the STATISTICA Cz 10 programme. We examined 56 patients in total, after application of the exclusion
criteria, we analysed 36 patients in two intervals (after 1st and 6th month). The average age of our group was 60 +
17 years. Men and patients with persisting AF predominated in our group. Upon the comparison of the anatomic
and functional parameters of LA, as the predictor of the AF recurrence, the functional parameters showed to be
statistically significant. In the group with a sinus rhythm the value of LA EF and LA GLS was much higher compared
to the group with AF (LA EF: 38.3+6.4 vs 28.5+3.20; LA GLS: 18.5+5.32 vs 9.7+5.10, p <0.001). When applying the 3D
LA volumetry, the difference between the endsystolic volumes (ml/m?) in the group with a sinus rhythm compared
to the AF (21.5£9.08 vs 26.8+4.44, p <0.05) turned out as statistically significant.

Adresa pro korespondenci: MUDr. Miroslava Hriflova, Oddelenie akutnej kardioldgie a Oddelenie funkcnej diagnostiky, II. klinika kardiolégie a angioldgie SZU,
Stredoslovensky tstav srdcovych a cievnych choréb a.s., Cesta k nemocnici 1, 974 01 Banska Bystrica, Slovensko, e-mail: mirka.hrinova@gmail.com

DOI: 10.33678/cor.2021.043

Tento ¢lanek prosim citujte takto: Hrifiova M. Echokardiografické hodnotenie remodeldcie lavej predsiene ako prediktora recidivy nevalvulamej fibrilacie predsieni. Cor Vasa

2021;63:449-458.



450 Echokardiografické hodnotenie remodelacie LP ako prediktora recidivy nevalvularnej FiP

Keywords:
Atrial fibrillation
Electric cardioversion

Conclusion: The anatomical parameters, as the predictors of the AF recurrence risk turned out as statistically
insignificant. The functional LA parameters turned out statistically significant. The fact that there are new
techniques for evaluation of the LA function helps us improve the prediction of the cardiovascular events, as

Left atrium well as the stratification of the patients concerning the AF.

Sinus rhythm

- Inkldzne kritéria: nevalvuldrna paroxyzmalna a perzis-
Uvod tujuca FiP, pacienti s HFpEF a zdroven to boli pacienti, kto-

Morfoldégia a usporiadanie predsieni je dobre presku-
mané, ale hodnotenie funkcie predsieni stalo dlhé roky
v Uzadi. V poslednej dobe sa kladie vacsi déraz na hodno-
tenie funkcie predsieni. Zistilo sa, ze strata funkcie pred-
sieni znamena zniZzenie naplne komory na konci diastoly
zhruba o 25-30 %. Na udrzanie hemodynamickej rovno-
vahy je potrebné zvysenie ejekénej frakcie lavej komory
a srdcovej frekvencie v kombinacii so zvysenim enddiasto-
lického tlaku v komorach. U zdravého jedinca pri strate
predsieriovej funkcie nedochadza k vyznamnym zmenam,
oproti tomu u pacientov s chronickym srdcovym zlyhanim
moze viest strata predsieriovej funkcie k hemodynamic-
kému zrateniu.

Funkcia lavej predsiene ako prediktora kardiovaskular-
nych prihod je délezita z dvoch aspektov: a) jej diastolicka
dysfunkcia,’ b) pokles/strata systolickej funkcie pri fibrilacii
predsieni (FiP).? Diastolicka dysfunkcia lavej komory (LK) je
predominantnym patofyziologickym mechanizmom u pa-
cientov so srdcovym zlyhanim, so zachovanou systolickou
funkciou a u pacientov s hypertrofickou kardiomyopatiou
a infiltrativnymi kardiomyopatiami. Podla vysledkov Fra-
minghamskej studie je fibrildcia predsieni velmi castou
arytmiou a riziko vzniku po 40. roku Zivota je az 25 %.3 Na-
vySe u pacientov s chronickymi kardiovaskuldrnymi ocho-
reniami (artériova hypertenzia, ischemickd choroba srdca
a srdcové zlyhanie), ktoré suvisia s dilataciou LP, narasta
riziko vzniku FiP.* V¢asnd intervencia u tychto pacientov
zabrdni reverznej remodeldcii a dilatacii LP.

Echokardiografia je elementéarny néstroj na hodnotenie
zakladnych parametrov lavej predsiene. Vzhladom k tomu,
Ze sa jednd o neinvazivnu a bezpecnu metddu, vyuzitie
v klinickej praxi ma nezastupitelnu ulohu. Touto pracou
sme chceli poukdazat na vyznamnost echokardiografickych
vySetreni pri hodnoteni funkcie lavej predsiene ako do-
stupného markera pre pravdepodobnost recidivy FiP.

Ciel

Hodnotenie echokardiografickych parametrov a pouka-
zanie na rézne spdsoby merania velkosti lavej predsiene
(LP). Najst vhodny parameter, ktory by bol ¢o najpresnejsi
prediktor pre recidivu FiP.

Metoda

Subor

Pacientov sme sledovali v obdobi od juna 2016 do juna
2018. Celkovy pocet pacientov bol 56, z toho 6 pacientov
bolo vylucenych pre zlt echogenicitu a jeden pacient po-
¢as sledovania umrel. Boli stanovené inkltzne a exkluzne
kritéria.

ri podstupovali prvy krat elektricku kardioverziu (EKV).

Exkluzne ktiréria: zavazné chlopriové chyby srdca, vro-
dené chyby srdca, ochorenia perikardu, pacienti s velmi
zlou echogenicitou a s chronickou renalnou insuficien-
ciou v hemodializa¢tnom programe.

Priemerny vek pacientov bol 60 + 17 rokov (rozptyl
43-77 rokov). Po uplatneni exkluznych kritérii sme sle-
dovali 36 pacientov. Z nasej skupiny malo 7 pacientov
paroxyzmadlnu FiP a 29 pacientov malo perzistujucu FiP
klasifikovanu na zaklade odporucani pre manazment
FiP. Pacienti s paroxyzmalnou FiP podstupili EKV do 48
hodin od primozachytu FiP na elektrokardiografii, pri-
¢om u perzistujucej FiP bola doba velmi variabilna, od
30 dni az po 3est mesiacov. V nasom subore prevazovali
muzi. Pacienti boli sledovani a kontrolné echokardiogra-
fické vysetrenie (Echokg) im bolo robené v 1. a 6. mesiaci
po EKV.

Hodnotili sme anatomické a funkéné parametre LP, celko-
vo sme vybrali 6 parametrov:

e Rozmer LP merany v M-mode v parasterndlne dlhé

ose (PLAX) (0., 1., 6. mesiac)

e Indexovany objem LP merany Simpsonovou meto-
dou (0., 1., 6.mesiac)

e Indexovany enddiastolicky objem LP merany me-
tédou pyramidového full volume 3D datasetu
a naslednou analyzou v Qlabe (0., 1., 6. mesiac)

e Indexovany endsystolicky objem LP merany metoé-
dou pyramidového full volume 3D datasetu a na-
slednou analyzou v Qlabe (0., 1., 6. mesiac)

e Hodnotenie celkovej vyprazdriovacej frakcie lavej
predsiene (EF LP) pomocou pyramidového full vo-
lume 3D datasetu ako ukazovatela rezervoarove;j
funkcie LP (0., 1., 6. mesiac)

e Hodnotenie maximalneho globalneho longitudi-
nalneho strainu LP (GLS, £-Max) ako ukazovatela
rezervoarovej funkcie LP (0., 1., 6. mesiac)

Vsetky merania boli realizované na pristroji Philips iE
33 jednym vysetrovatelom. Ako prvy parameter hodnoti-
me rozmer LP merany M-modom v PLAX. Jedna sa o naj-
beznejsie pouzivany parameter hodnotiaci velkost LP. LP
sme merali v ¢ase zavretia aortdlnej chlopne. V pripade,
mer LP (obr. 1A, 1B). Ziskané parametre sme rozdelili
podla pohlavia na zaklade odporucani pre hodnotenie
rozmerov dutin srdca.’

Objem LP (LAV) sme hodnotili pomocou Simpsonove;j
metody, kde sme zobrali maximélny LAV merany v $tvor-
dutinovej (A4C) a v dvojdutinovej (A2C) projekcii (obr. 2A,
2B). Ziskanu hodnotu objemu sme zindexovali na povrch
tela pomocou Du Boisovy metédy. Pacienti so subopti-
malnym obrazom boli vyluceni z pozorovania.

Na hodnotenie EF LP enddiastolického a endsystolic-
kého objemu sme pouzili pyramidovy full volume data-
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Obr. 1 - Meranie LP v PLAX. Na obrazku vlavo (A) vidime meranie LP od aortoatridlneho rozhrania k najsilnejSiemu echu zadnej steny, na
obrazku vpravo (B) meranie LP pomocou M-modu v PLAX. Zdroj: vlastny zdroj.
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Obr. 3 - Vyuzitie pyramidového full volume 3D datasetu pri merani
enddiastolického a endsystolického objemu, vyhodnotenie vypraz-
driovacej frakcie LP. Zdroj: vlastny zdroj.
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set, zaznamenany pocas 4 cyklov ohranicenych vinou R.
Dalej sme dataset upravili v programe Qlab. Vy3etrova-
telom bolo uréenych 5 zakladnych bodov (septalny, late-
ralny, predny, spodny bod mitrdlneho anulu a apex LP).
Pomocou semiautomatického vypoctu sme ziskali hod-
notu enddiastolického aj endsystolického objemu LP,
pricom hranice endokardu sme eSte manualne upravili.
Na zaklade tychto dvoch objemov sme ziskali automa-
ticky EF LP (obr. 3). Jednotlivé objemy sme si zindexovali
na povrch tela.

Na hodnotenie maximdlneho globalneho longitudi-
nalneho strainu LP (GLS LP) sme pouzili techniku dvoj-
rozmerného strainu (2DSTE) a pouzili sme 12-segmen-
tovy model, Sest segmentov ziskanych z A4C projekcie
a sSest segmentov ziskanych z A2C projekcie. Frame
rate bol nastaveny na 50-80 Hz. Ako referenc¢ny bod
sme urcili zac¢iatok komplexu QRS a vyuzivali sme je-
den srdcovy cyklus. Prva pozitivna vychylka pri tomto
sposobe kore$ponduje prave s rezervoarovou funkci-
ou LP (obr. 4).
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Obr. 4 - Negativny peak (Cervena Sipka) vyjadruje kontraktilnu
fazu, pozitivny peak (ZIta Sipka) rezervoarovu fazu, modra Sipka
fazu konduitu. Zdroj: vlastny zdroj.

Statistika

Charakteristiku suboru pacientov a sledované data sme
vyhodnotili pomocou frekvencnej sumarizacie a de-
skriptivnej Statistiky: priemer, smerodajnd odchylka,
median, kvartil minima a maxima. Rozdiely medzi sle-
dovanymi parametrami sme vyhodnotili $tandardnymi
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Obr. 5 - Sledovanie pacientov s paroxyzmalnou a perzistujucou FiP
po elektrickej kardioverzii na schopnost udrzania sinusového ryt-
mu. FiP1m - pacienti s FiP 1. mesiac po EKV; FiP6m — pacienti s FiP
6. mesiac po EKV; SR1m - pacienti so SR 1. mesiac po EKV; SRém —
pacienti so SR 6. mesiac po EKV.

neparametrickymi testami. Neparametrické metédy sme
zvolili preto, Ze nebol splneny predpoklad parametric-
kych testov, normalita dat.

Rozdiely sledovanych parametrov medzi sledovanymi
skupinami pacientov sme vyhodnotili pomocou Manno-
va-Whitneyho U testu (2 nezavislé kategorie).

Za Statisticky vyznamné sme v ramci vietkych pouzitych
testov povazovali hodnoty hladiny vyznamnosti p < 0,05. Na
Statisticku analyzu sme pouZzili program STATISTICA Cz 10.

Vysledky

Zo suboru 36 pacientov malo 7 pacientov paroxyzmalnu
FiP a 29 pacientov perzistujucu FiP. U vietkych pacientov
s paroxyzmalnou FiP sa udrzal sinusovy rytmus 1. aj 6.
mesiac po EKV. Uspe3né udrzanie sinusového rytmu u pa-
cientov s perzistujucou FiP bolo v 1. mesiaci po EKV u 17
pacientov a z toho sa po 6. mesiacoch udrzal sinusovy ryt-
mus len u 15 pacientov (obr. 5).

Pri hodnoteni anatomickych parametrov sme porov-
ndvali jedno-, dvoj- a trojrozmerné vysetrenie. Pri pouziti
jednorozmerného zobrazenia a merania M-modom/PLAX
sme pacientov rozdelili do skupin s lahko, stredne a tazko
dilatovanou LP (tabulka 1).> Z vysledkov sledovania roz-
meru LP meraného v M-mode/PLAX vyplyva, Ze u muzov
bolo najvadsie zastupenie pacientov s lahko dilatovanou
LP a u Zien so stredne-tazko dilatovanou LP (obr. 6A, 6B).
Po 1. aj po 6. mesiaci sledovania bola u muzov najvacia
tendencia udrzania SR v skupine s lahko dilatovanou LP
a najvacsia tendencia k recidive FiP v skupine so stredne-
tazko dilatovanou LP (obr. 7A, 7B).

U Zien nerozhodovala velkost LP, pretoze najvacsia
tendencia k udrzaniu SR po 1. aj 6. mesiaci sledovania
bola u pacientiek so stredne-tazko dilatovanou LP (obr.
8A, 8B).

Pri hodnoteni objemu LP meraného Simpsonovou me-
tdédou sme rozdelili pacientov do skupin na zédklade obje-
mu LP podla poslednych odporuceni z roku 2015 (tabulka
2).% Viac nez 60 % pacientov s lahko dilatovanou LP malo
tendenciu k recidive FiP (obr. 9A, 9B). Ked sme porovnali
skupiny s lahko, stredne-tazko a tazko dilatovanym obje-
mom LP s rovnakymi skupinami podla rozmeru LP M-mode/
PLAX, ani jeden pacient podla jednorozmerného zobraze-
nia nemal normalny rozmer LP. Najvaciia zhoda rozmerov
bola u pacientov s vyznamne dilatovanou LP (obr. 10).

A MUZI

mlahko 44 + 4
m Stredne 48,5+ 1,5
Tazko 60 + 8

B ZENY

u Lahko 41,5 £ 0,5
m Stredne 44,5 + 1,5
Tazko 48,5 = 1,5

Obr. 6 - (A, B) Rozdelenie pacientov podla rozmeru LP v M-mode/PLAX
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Obr. 7 - Trend udrzania SR u muzov 1. (A) a 6. mesiac (B) po EKV podla rozmeru LP v M-mode/PLAX. FiP1m - pacienti s FiP
1. mesiac po EKV; FiPém — pacienti s FiP 6. mesiac po EKV; SR1m - pacienti so SR 1. mesiac po EKV; SRém - pacienti so SR
6. mesiac po EKV.
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Obr. 8 - Trend udrzania SR u Zien 1. (A) a 6. mesiac (B) po EKV podla rozmeru LP v M-mode/PLAX. FiP1m - pacienti s FiP
1. mesiac po EKV; FiP6m - pacienti s FiP 6. mesiac po EKV; SR1m - pacienti so SR 1. mesiac po EKV; SR6m - pacienti so SR
6. mesiac po EKV.
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Obr. 9 - Porovnanie rozmeru LP meraného M-modom/PLAX a objemu LP meraného Simpsonovou metédou
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Obr. 10 - Trend udrzania SR 1. (A) a 6. mesiac (B) po EKV u pacientov podla rozmeru LP meraného Simpsonovou metédou. FiP1m -
pacienti s FiP 1. mesiac po EKV; FiP6m — pacienti s FiP 6. mesiac po EKV; SR1m - pacienti so SR 1. mesiac po EKV; SR6m - pacienti so SR

6. mesiac po EKV.
50
4 T XL
30 *ok ok
" a 1l
0 T

EF LK LP AP  LPsimp./ 3D max LP 3D min LP Celkova EF LP  GLS LP
index

uFAP+ mFAP-

o

Obr. 11 - Vysledky statistickej analyzy 1. mesiac. EF LK - ejek¢na frakcia lavej komory; EF LP - ejek-
¢na frakcia lavej predsiene; FAP - fibrilacia predsieni; GLS LP - globdlny longitudinalny strain lavej
predsiene; LP - lava predsien; LP AP — rozmer lavej predsiene v PLAX; LP simp./index — indexovany
objem lavej predsiene merany Simpsonovou metédou; 3D max LP - enddiastolicky objem LP mera-
ny metodou full volume pyramidového 3D datasetu; 3D min LP — endsystolicky objem LP merany
metddou full volume pyramidového 3D datasetu. * p < 0,05, *** p < 0,001.
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Obr. 12 - Vysledky statistickej analyzy 6. mesiac. EF LK - ejek¢na frakcia lavej komory; EF LP - ejek-
¢na frakcia lavej predsiene; FAP - fibrilacia predsieni; GLS LP - globalny longitudinalny strain lavej
predsiene; LP - lava predsien; LP AP — rozmer lavej predsiene v PLAX; LP simp./index - indexovany
objem lavej predsiene merany Simpsonovou metédou; 3D max LP - enddiastolicky objem LP mera-
ny metodou full volume pyramidového 3D datasetu; 3D min LP — endsystolicky objem LP merany
metddou full volume pyramidového 3D datasetu. * p < 0,05, *** p < 0,001.
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Tabulka 1 - Popis rozmerov LP pre Zenské a muzské pohlavie a ich klasifikacia pre dilataciu®

Zeny
Normal Lahko Stredne
LP rozmer (mm) 2,7-3,8 3,9-4,2 4,3-4,6

Muzi
Tazko Normal Lahko Stredne Tazko
>4,7 3,0-4,0 4,1-4,6 4,7-5,2 >5,2

Tabulka 2 - Odporucené hodnoty pre kvantifikaciu objemov LP pre muzov a Zeny"

Zenské pohlavie
Lahka
35-41

Norma

Max. objem LP//BSA (ml/m?)  16-34 42-48

Stredne tazka

Muzské pohlavie
Lahka
35-41

Stredne tazka Tazka
42-48 > 48

Tazka
> 48 16-34

Norma

Tabulka 3 - Vysledky Statistickej analyzy 1. mesiac po EKV s pouzitim Mannova-Whitneyho U testu

1. mesiac po EKV

Priemer Smerodajna odchylka
EF LK (%) 55,0416 4,7774
LP AP (mm] 47,1666 5,5924
LP simp./index (ml/m?) 41,625 13,0843
3D LP enddiast. (ml/m?) 36,0416 11,4985
3D LP endsyst. (ml/m?) 22,3916 9,2055
Celkova EF LP (%) 37,375 6,2541
GLS LP (%) 10,4782 4,7565

Pocet pacientov so SR 1. mesiac, n = 24

Pocet pacientov s FiP 1. mesiac, n = 12

Priemer Smerodajna odchylka Presna p-hodnota
54,8333 3,7376 0,8817

47,5833 4,9259 0,7035

38,4166 5,4013 0,5622

37,0833 6,5845 0,476

27,0833 5,1426 0,0289

26,8333 3,0401 0,000005

9 4,7958 0,363

EF LK - ejek¢na frakcia lavej komory; EF LP — ejek¢na frakcia lavej predsiene; GLS LP - globalny longitudinalny strain lavej predsiene;
LP AP - rozmer lavej predsiene v PLAX; LP simp./index — indexovany objem lavej predsiene merany Simpsonovou metédou; 3D LP enddiast.
- enddiastolicky objem lavej predsiene merany 3D full volume metddou; 3D LP endsyst. — endsystolicky objem lavej predsiene merany 3D

full volume metddou.

Tabulka 4 - Vysledky Statistickej analyzy: 6. mesiac po EKV s pouzitim Mannova-Whitneyho U testu

6. mesiac po EKV

Priemer Smerodajna odchylka
EF LK (%) 55,3333 5,1335
LP AP (mm) 46,7222 6,1434
LP simp./index (ml/m?) 41,3333 14,2993
3D LP enddiast. (ml/m?) 34,6111 11,8576
3D LP endsyst. (ml/m?) 21,5222 9,0834
Celkova EF LP (%) 38,333 6,4352
GLS LP (%) 18,52 5,3281

Pocet pacientov so SR 6. mesiac, n = 22

Pocet pacientov s FiP 6. mesiac, n = 14

Priemer Smerodajna odchylka  Presna p-hodnota
55 4,0824 0,8321

47,9 4,7714 0,4081

37,9 5,8204 0,5876

37,4 4,8808 0,1327

26,8 4,4422 0,01805

28,5 3,2058 0,00037

9,7 5,1 0,00045

EF LK - ejek¢na frakcia lavej komory; EF LP - ejek¢na frakcia lavej predsiene; GLS LP - globalny longitudinalny strain lavej predsiene;
LP AP - rozmer lavej predsiene v PLAX; LP simp./index — indexovany objem lave]j predsiene merany Simpsonovou metédou; 3D LP enddiast.
- enddiastolicky objem lavej predsiene merany 3D full volume metddou; 3D LP endsyst. — endsystolicky objem lavej predsiene merany 3D

full volume metddou.

U pacientov po EKV s udrzanim SR bola tendencia
k zlepseniu rozmeru LP. Avsak pri celkovom hodnoteni
u pacientov po EKV so SR v porovnani s FiP nebol doka-
zany $tatisticky vyznamny rozdiel pri hodnotach rozmeru
LP M-modom/PLAX (1. mesiac: 47,1 + 5,59 vs. 47,5 + 4,9,
p =NS; 6. mesiac 46,7 = 6,14 vs. 47,9 + 4,77, p = NS). Rov-
nako u pacientov so SR v porovnani s pacientami s FiP 1.
a 6. mesiac po EKV nebol najdeny statisticky vyznamny
rozdiel pri hodnotach objemu LP meraného Simpsonovou
metddou (1. mesiac: 41,6 + 13,08 vs. 38,4 + 5,40, p = NS;

6. mesiac 41,3 = 14,29 vs. 37,9 = 5,82, p = NS). Vysledky
rozmerov su zhrnuté v tabulkach 3, 4.

Pri jednorozmernom vysetreni s pouzitim M-modu/
PLAX, ani pri dvojrozmernom vysetreni Simpsonovou me-
tédou sme nedokdzali vplyv velkosti LP na udrzanie sinu-
sového rytmu (SR). Dokonca u Zien bola vyssia tendencia
k recidive FiP u pacientiek s mensou LP. Pri hlb3ej analyze
hodnoteni aj funkénych parametrov (GLS LP a EF LP ) sme
dokazali, Ze vietky pacientky, ktoré mali mensiu LP a mali
tendenciu k recidive FiP, mali zhorsené tieto funkcné pa-
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rametre, ktoré odpovedaju prestavbe LP (GLS < 9,7 + 5,1
a EF LP < 28,5 + 3,04). U muzov bol typicky priklad pa-
cienta s vyznamne dilatovanou LP (M-mode/PLAX 61 mm,
objem LP Simp. metédou 92 ml/m?), pricom funkéné para-
metre boli zachované (GLS LP 18, EF LP 42 %) a u pacienta
sa udrzal SR aj 6. mesiac po EKV.

Pri vyuziti trojrozmerného (3D) vySetrenia na hodno-
tenie anatomickych a funkénych parametrov sme nasli
tesnejSiu korelaciu vplyvu rozmeru na udrzanie SR, a to
hlavne pri hodnoteni endsystolického objemu LP ziskané-
ho vyuzitim 3D volumetrie LP. U pacientov so SR bol end-
systolicky objem LP mensi ako v skupine pacientov s FiP
v 1. mesiac aj v 6. mesiaci po EKV, tento rozdiel bol statis-
ticky vyznamny (1. mesiac: 22,39 + 9,2 vs. 27,08 + 5,14, p <
0,05; 6. mesiac: 21,5 + 9,08 vs. 26,8 + 4,44, p < 0,05).

Z funkénych parametrov sme sa rozhodli hodnotit re-
zervoarovu funkciu LP, a to prostrednictvom EF LP a GLS
LP. U pacientov so SR bola EF LP ovela vyssia ako v skupine
pacientov s FiP v 1. mesiaci aj 6. mesiaci po EKV, tento
rozdiel bol statisticky vyznamny (1. mesiac: 37,37 + 6,25
vs. 26,83 + 3,04, p < 0,001; 6. mesiac: 38,3 + 6,4 vs. 28,5
+ 3,20, p < 0,001). Tiez sme dokdzali, ze pacienti, u kto-
rych sa udrzal SR aj Sest mesiacov po EKV, mali tendenciu
k zlepseniu EF LP. Vysledky su zhrnuté v tabulkach 3 a 4,
obrazkoch 11 a 12.

Dalsim funkénym parametrom LP bol hodnoteny GLS
LP. U vetkych pacientov s FiP je pred EKV GLS LP vyraz-
ne redukovany, ¢o sved¢i pre poskodenie rezervodrovej
funkcie LP. U pacientov so SR boli hodnoty GLS LP vyssie
ako u pacientov s FiP, no tento rozdiel nebol Statisticky
vyznamny (10,47 = 4,45 vs. 9 + 4,79, p = NS). Ako vyznam-
ne redukovany GLS LP sme povaZovali hodnotu 12 + 4,3,
pricom sme vychdadzali z prace Yasuda a spol., kde vietci
pacienti s touto hodnotou mali tendenciu k recidive FiP po
katétrovej ablacii.” Priemernd hodnota GLS LP pred EKV
bola 11,28, ¢o sved¢i pre vyznamne redukovany GLS LP.
Po prvom mesiaci od EKV sme sledovali zlepSenie GLS LP
u vsetkych pacientov, u ktorych sa udrzal SR aj 6. mesiac
po EKV v porovnani s pacientmi, u ktorych doslo k recidive
FiP a tento rozdiel bol statisticky vyznamny (18,52 + 5,32
vs. 9,7 £5,10, p < 0,001). Vysledky hodnotenie GLS su zhr-
nuté v tabulkach 3 a 4, obrazkoch 11 a 12.

Diskusia

Rozhodnutie o obnoveni SR alebo o kontrole komorovej
frekvencie musi byt individualizované pre kazdého pa-
cienta, pricom sa posudi pomer rizika a prinosu. Vyhody
SR zahffiaju zlepsenie symptémov, prevenciu prechodu
do permanentnej FiP a pravdepodobne zniZzenie poctu
kardioembolickych prihod. U pacientov s pretrvavajucou
fibrilaciou predsieni su recidivy ¢asté aj po Uspesnom pre-
chode na sinusovy rytmus. Klinické markery pre straté-
giu kontroly srdcového rytmu su zhrnuté v skére HATCH
(hypertenzia, vek > 75 rokov, tromboembolickd prihoda,
plucne ochorenie, srdcové zlyhanie).®2 Indexovany ob-
jem LP, systolicka dysfunkcia LK, diastolickd funkcia LK
a chlopriové chyby vietky ovplyviiuju vysledok kontroly
srdcového rytmu. Aj preto je echokardiografia potrebna
na posudenie pravdepodobnosti Uspesnej kontroly srd-
cového rytmu.

V nasej praci sme sa snazili najst prediktor recidivy FiP
zo sledovania anatomickych a funkénych parametrov. Na
zaciatku sa preukazalo, ze dlzka trvania FiP pred EKV je
délezitym faktorom k dlhodobému udrzaniu SR. Priemer-
ny vek nasich pacientov bol 60 + 17 rokov, ¢o koreluje s ve-
kovou skupinou > 40 rokov najviac nachylnou k FiP.° V pra-
ci sme sa zamerali na hodnotenie Strukturalnej a funkénej
remodeldcie LP. Strukturalna remodelacia LP je uréena
anatomickymi parametrami. Vo viacerych pracach bolo
dokazané, Ze dilatovana LP je vadsi rizikovy faktor recidivy
FiP."°V praci C. Militaru a spol. bol rozmer LP 49,45 + 9,14
mm Statisticky vyznamnym prediktorom rekurencie FiP."
V nasej praci rozdiel rozmeru LP medzi pacientmi so SR
a FiP vysiel ako Statisticky nevyznamny (46,72 + 6,14 vs.
47,9 + 4,77 mm). V ,The Framingham Offspring study” sa
preukazalo, Ze zvac¢Senie LP o 5 mm zvysuje riziko FiP o 39
%.2 V nasej praci vyslo, Ze u muzov so stredne dilatova-
nou a tazko dilatovanou LP sa zvySovalo riziko recidivy FiP
po EKV, pricom v skupine s tazko dilatovanou LP nebo-
lo najvacsie percentudlne zastupenie pacientov s recidi-
vou FiP. U Zien nam vyslo najvyssie percento recidivy FiP
v skupine s lahko dilatovanou LP, pricom tito pacienti mali
vyznamne redukované funk¢né parametre LP. V echokar-
diografickej substudii z ENGAGE AF-TIMI 48 malo 19 %
pacientov s FiP vyznamne redukované funkcné parametre
pri e$te zachovanych rozmeroch LP."> Meranie rozmeru LP
v M-mode/PLAX je najrychlejsi a najdostupnejsi parameter
hodnotiaci rozmer LP. Vzhladom k tomu, Ze LP je rozma-
nitych tvarov a réznej dlzky, tento parameter nam velkost
LP moze podhodnocovat.

V poslednych odporucaniach na hodnotenie rozmerov
dutin srdca ASE/ESC sa odporuca pouzivat objem LP mera-
ny Simpsonovou metédou a indexovany na povrch tela.”
Indexovany objem LP vysiel vo viacerych pracach ako dob-
ry prediktor rizika recidivy a vzniku FiP. Od objemu > 33,5
ml/m? vzrastd signifikantne riziko rekurencie FiP." V na-
som subore mala najvacsi sklon k recidive skupina s FiP
s lahko dilatovanou LP. Pricom rozdiel objemu LP ziskany
Simpsonovou metédou medzi skupinami so SR a FiP nevy-
siel signifikantne vyznamne (41,33 = 14,29 vs. 37,9 + 5,82).
Pri porovnani klasifikacie rozmerov LP na lahko, stredne-
tazko a tazko dilatovanu LP sme nenasli zhodu medzi sku-
pinami hodnotenymi podla M-modu/PLAX a Simpsonovou
metddou. Tento fakt poukazuje na to, Ze to, ¢o vidime
v jednorozmernom zobrazeni ako normalne, mbéze byt
v skuto¢nosti uz zvaceny rozmer.

Strukturdlna remodelécia je velmi komplexny proces
a zahrna predovietkym fibrézu LP. Je dokazané, Ze u pa-
cienta s postihnutim > 30% LP je riziko rekurencie FiP 69
%.° Jedinou mozZnou prevenciou fibrézy LP je dosiahnut ¢o
najskor restitucie sinusového rytmu od primozachytu FiP.
V nasej praci sme tiez dokdzali, Ze u vietkych pacientov so
SR doslo uz v¢asne po EKV k zlepSeniu rozmerov LP. Teda aj
v nasom subore, podobne ako v praci autorov G. Casaclang-
-Verzosa a spol. sa potvrdilo, ze Strukturalna remodelacia
je reverzibilnd a ma do urcitého ¢asu tendenciu k uprave.®

Pri sledovani anatomickych parametrov sme nedoka-
zali StatistickG vyznamnost predikcie FiP. Mohlo to byt
sposobené tym, Ze nas subor bol maly. Merania rozmerov
v M-mode/PLAX a Simpsonovou metédou su uhlovo zavis-
Ié, ¢o moze viest [ahko k podhodnoteniu rozmeru. Teresa
S. M. Tsang a spol. v roku 2006 publikovali pracu, kde sa
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oberali pozorovanim rozmeru LP (M-mode, objem Simps.
metdda, area LP) ako prediktora kardiovaskularnych pri-
hod, pricom v skupine s FiP ani jeden z rozmerov nevysiel
ako silny prediktor kardiovaskularnych prihod.'®

Pri hodnoteni funkénych parametrov sme zobrali do
uvahy vysledky viacerych prac, ktoré poukazuju préave
na poskodenie rezervoarovej funkcie LP u pacientov
s FiP. Rezervoarovu funkciu LP sme hodnotili pomocou
EF LP a max. GLS LP. Pri hodnoteni EF LP sme vychadzali
z vysledkov enddiastolického a endsystolického objemu
LP ziskaného pomocou pyramidového full volume 3D
datasetu a analyzou v Qlabe. Pri hodnoteni enddiasto-
lického objemu sme nepotvrdili Statisticki vyznamnost
predikcie FiP. NajlepSie sa ndm potvrdil indexovany
endsystolicky objem a EF LP ako prediktor FiP. Vsetci
pacienti, u ktorych doslo k recidive FiP do 6 mesiacov,
mali hodnotu endsystolického objemu 26,8 + 4,44 ml/m?
a EF LP 28,5 + 3,20 %. Podobné vysledky boli uverejne-
né v praci autorov M. Schaff a spol., kde sa preukazalo,
Ze anatomicka a funkéna remodelacia su silnym predik-
torom paroxyzmadlnej FiP, ako najsilnejsi prediktor re-
cidivy FiP vysiel endsystolicky objem LP 22,1 + 11 ml/m?
a EF LP 34,4 + 11,5.5V studii ,The Framingham Offspring
study” poukazuju na to, Ze aj pri normalnom objeme
pri redukovanej EF LP je vyssie riziko vzniku FiP.3 V nasej
prdci sa podobny udaj potvrdil u pacientov s rozmerom
LP 41,5 + 0,5 mm (M-mode/PLAX), ktori mali vyznamne
redukovanu EF LP aj GLS LP. Potvrdili sme, Ze paramet-
re odvodené pomocou 3D techniky su silnejsim predik-
torom FiP ako objem LP ziskany 2D technikou, ¢o bolo
preukdzané aj v praci autorov M. Schaff a spol.® Vysvet-
lenim moéze byt rézny princip merania LP, kde pri 3D
technike sa obkresluje LP pocas celého srdcového cyklu,
a preto ziskavame lepsi obraz o kompletnom tvare LP.
Objem LP merany pomocou 3D techniky lepsie koreluje
s hodnotami MRI."

Hodnotenie GLS LP ako signifikatného prediktora kar-
diovaskularnych prihod bolo analyzované vo viacerych
pracach. Z vysledkov ,EACVI NORRE study” uverejnenej
v roku 2018 boli stanovené normalne hodnoty pre funk-
¢né parametre, pre GLS LP 26,1 %, pre 2D EF LP 48,7 %
a pre 3D EF LP 41,4 %."® Vzhladom k tomu, Ze hodnoty
GLS LP a parametrov hodnotiacich rezervoarovu funkciu
LP neboli zavislé od pohlavia, aj v nasej praci sme postu-
povali rovnako. Z ndsho sledovania méZzeme povedat, Ze
vsetci nasi pacienti mali pred EKV vyznamne redukovany
GLS LP a hodnota GLS LP pred EKV nebola dobre vypo-
vedna ako prediktor udrzania SR. V skupine pacientov,
u ktorych doslo k zlepseniu GLS LP 1. mesiac po EKV ale-
bo dosiahnutiu urcitej hodnoty GLS LP, v naSom subore
18 + 5,32 %, mali vysoku prediktivnu hodnotu na udrza-
nie SR do pol roka od EKV. Zaroven u pacientov, u kto-
rych po EKV neddjde k zlepSeniu GLS LP alebo sa hodnota
zhorsi, v nasom subore 9,7 £ 5,1 %, maju vysoku predik-
tivnu hodnotu recidivy FiP do pol roka od EKV. Podobné
vysledky boli interpretované v préaci Yasuda a spol., kde
v skupine s recidivou FiP po katétrovej ablacii bol ove-
l[a nizs8i strain 12,0 + 4,3 %.” Je zrejmé, Ze rezervoarova
funkcia LP ma tendenciu sa zlepsovat a stupen zlepsenia
moze odhadovat riziko recidivy FiP v dlhSom ¢asovom ho-
rizonte. Kuppahally a spol. demonstrovali, Ze fibréza LP
merana pomocou MRI signifikantne koreluje so strainom

a strain ratom, nezdvisle na rozmere LP." V observacnej
studii bolo preukdzané, Zze GLS LP poskytuje pridatnu
diagnosticku informaciu nad hodnotou poskytovanou
prostrednictvom skére CHA,DS,-VASc, ¢o naznaluje, Ze
analyza strainu by mohla zlepsit stratifikaciu pacientov
s rizikom kardioembolickych prihod u FiP.2°

Zaver

Echokardiografické vysetrenie patri medzi Standardné po-
stupy pri hodnoteni stratifikacie pacienta ohladom recidi-
vy FiP. Ako zakladny parameter v kazdom néleze je uve-
deny rozmer LP. V nasej praci sme dokazali, Ze samotné
hodnotenie anatomickych parametrov je nedostatocné
a prave hodnotenie funkénych parametrov je dobry pre-
diktor recidivy FiP. Vzhladom k tomu, Ze aj u nedilatova-
nej LP je dokazané vyssie riziko recidivy FiP pri redukova-
nych funkénych parametroch, mohli by ndm préve tieto
parametre pomact pri stratifikacii pacientov s rizikom kar-
diovaskularnych prihod, vratane prevencie ndhlej cievnej
mozgovej prihody.
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Cil: V této studii jsme zkoumali vztah mezi charakteristikami aterosklerotického platu a symptomatickym
postizenim karotickych tepen.
Material a metody: Do studie bylo zafazeno 22 pacientli (13 muz( a 9 zen prdmérného véku 60,2 + 9,6 roku)
po endarterektomii karotickych tepen. Zavaznost stenézy karotické tepny se pohybovala v rozmezi 75 %
az 99 %. Osm pacientd bylo asymptomatickych a zbyvajicich 14 symptomatickych. Deset pacientl prodélalo
cévni mozkovou prihodu. V anamnéze mél jeden pacient recidivujici tranzitorni ischemické prihody, ctyri
pacienti uvadéli presynkopalni stav a u jednoho byla stanovena diagnéza amaurosis fugax. Odstranéné
platy byly vysetfeny skenujici akustickou mikroskopii (scanning acoustic microscopy, SAM) a mikrovypocetni
tomografii (micro-computerized tomography, micro-CT).
Vysledky: U pacientl po cévni mozkové piihodé byly nalezeny nizsi hodnoty akustické impedance ukazujici
na tvorbu platd s vysokym obsahem kolagenu, zatimco u asymptomatickych pacientd byly vyssi hodnoty
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Zavéry: Spise nez spoléhéni se na zavaznost stendzy u pacientl s postizenim karotickych tepen maze pfi
vyhledavani pacientl vyzadujicich intervenci napomahat urceni charakteristik platt modernimi radiografic-
kymi metodami.
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ABSTRACT

Objective: In this paper, we examined the relationship between atherosclerotic plaque characteristics and
symptomatic carotid artery disease.

Material and methods: Twenty-two patients who underwent carotid endarterectomy were enrolled into the
study. Thirteen patients were male and remaining 9 patients were female. The mean age was 60.2+9.6 years.
The carotid artery stenosis ranged between 75% and 99%. Eight patients were asymptomatic and remaining
14 patients were symptomatic. Ten patients suffered stroke. One of them had recurrent transient ischemic
attacks, 4 patients had dizziness, and one of them had amaurosis fugax. The extracted plaques were evalua-
ted by scanning acoustic microscopy (SAM) and micro-computerized tomography (micro-CT).

Results: Smaller acoustic impedance values that reveal collagen-rich plaque formation were detected in
patients who had stroke, while higher acoustic impedance values that reveal calcium-rich plaque formation
were detected in the asymptomatic patients’ plaques.

Conclusions: Determination of plaque characteristics with modern radiographic techniques, rather than re-
lying on the degree of stenosis in patients with carotid artery disease, may be helpful to discriminate pati-
ents requiring intervention.
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Introduction

Carotid artery stenosis is one of the most important
causes of stroke. With an increasing number of older age
population, pathology is more frequently investigated.' It
is revealed that 5-10% of population older than 65 years
have over a 50% degree of stenosis in the proximal caro-
tid artery.2 However, every year, 0,3-2% of patients with
asymptomatic carotid artery stenosis suffer an ischemic
stroke event.?

In this era, the management of asymptomatic patients
remains controversial. In European Society for Vascular
Surgery (ESVS) guidelines, the certain indication of ca-
rotid endarterectomy is specified in patients who have
a 70-99% carotid stenosis with carotid territory symp-
toms within the preceding 6 months and if procedural
death/stroke rate is under 6%.3 However, we know that
asymptomatic patients may also experience ischemic
stroke event.? At this point, the mechanism and risk fac-
tors of ischemic stroke event gain great importance,in
the course of assessing the patients with carotid artery
stenosis. In recent years, independent of the stenosis de-
gree, vulnerability of atherosclerotic plaques has been
considered as a potential risk factor. It is believed that the
lipid rich necrotic core and thin fibrous cap makes plaque
more vulnerable.*®

The carotid artery stenosis causes symptoms due to
embolism depending on an unstable plaque or hypo-
perfusion because of severe stenosis with poor collater-
als. However, only 15% of the patients with asymptom-
atic disease have some signs before an ischemic cerebral
event.?

The plaque nature in carotid artery disease is exam-
ined by investigators looking for if the plaque calcifi-
cation has a role in determining the risk of ischemic
stroke. In a histopathological study, calcifications di-
vided as macrocalcifications and microcalcifications.
Macrocalcifications were tended to be as a plaque sta-
bilizer, while microcalcifications were instabilizing the
plaque.’ In addition, in asymptomatic cases, the plaque
calcification, observed by computed tomography an-
giography, was found to be pronounced." Doppler ul-
trasonography, computed tomography angiography,
and magnetic resonance angiography are the most
common imaging tools for determining carotid artery
stenosis.®* However, these methods are incapable in de-
tecting the atherosclerotic plaque structure. Doppler
ultrasonography is operator dependent and insuffi-
cient in determining the plaque components.> Comput-
ed tomography angiography may be useful in evaluat-
ing the volume of calcification, but it is not successful
in detecting the microcalcification. Magnetic resonance
imaging is better at revealing the intraplaque haemor-
rhage and plaque rupture.” Hence, other imaging tech-
niques which may reveal the plaque nature are being
investigated.

We previously reported that scanning acoustic micros-
copy may be a useful clinical tool for the diagnosis of
vulnerable plaques.? In this report, we have enlarged our
patients number and we have evaluated the atheroscle-
rotic plaque-calcification volumes of the patients in the
context of symptomatic or asymptomatic disease.

Patients and methods

This study was approved by Ethics Committee of Istan-
bul University Medical Faculty (No: 2018/952). All research
was performed in accordance with relevant guidelines/
regulations.

The study enrolled 22 patients with carotid artery stenosis
who underwent carotid endarterectomy in Istanbul Univer-
sity Istanbul Medical Faculty, Department of Cardiovascular
Surgery. Thirteen patients were male and the remaining 9
patients were female. The mean age was calculated to be
60.2+9.6 years. The carotid artery stenosis degree was be-
tween 75% and 99%. Seventeen people had hypertension
history. Sixteen of them were smokers and 2 of them were
ex-smokers. Diabetes mellitus was present in 15 of the pa-
tients. Eighteen patients had hypercholesterolemia with
LDL cholesterol value above 160 mg/dl. Nine patients had
undergone coronary artery stent procedure. Two patients
had mitral valve replacement and one patient had aortic
valve replacement. They have used warfarin since they had
the operations. The administration of warfarin stopped 7
days before the surgery and administration of low molecule
weight heparin started. When INR was under 1.5, the opera-
tions were performed in these patients. Five patients had
coronary artery bypass grafting procedure history. Eight pa-
tients had bilateral carotid artery stenosis. In the patients
who had bilateral carotid artery disease, the symptomatic in
other words more stenotic side underwent surgery first and
then the contralateral side underwent surgery after 1 week.

Eight patients were asymptomatic and the remaining
14 patients were symptomatic. Ten patients had suffered
stroke; 6 of them had left hemiplegia and 4 of them had
right hemiplegia. One of them had recurrent transient
ischemic events, 4 patients had dizziness and one of them
had amaurosis fugax concomitantly.

All patients used acetylsalicylic acid and the opera-
tions were performed under acetylsalicylic acid. Fifteen
of them used clopidogrel. Administration of clopidogrel
stopped 72 hours before the surgery except for one pa-
tient with recurrent ischemic events. This patient under-
went carotid endarterectomy procedure immediately.
The demographic features of the patients are summer-
ized in Table 1.

Surgical technique

The operations were performed under deep and/or su-
perficial regional anesthesia and infiltration anesthesia.
The bupivacaine, lidocaine, and saline combination was
used for the superficial cervical block. The 10 cc bupiva-
caine of 0.05%, 6 cc lidocaine of 2%, and 4 cc saline com-
bination was injected at the lateral border of the ster-
nocleidomastoid muscle subcutaneously. The transverse
processes of cervical vertebrae C2, C3, and C4 were palpa-
ted to determine the level of deep cervical plexus block.
Following negative aspiration result for blood, lidocaine
hydrochloride and bupivacaine hydrochloride combinati-
on was performed for the deep cervical plexus block. The
allowed total amount of bupivacaine hydrochloride was
2-3mg/kg. The 50% mixture of prilocaine hydrochloride
and bupivacaine hydrochloride was injected subcutane-
ously along the incision line for infiltration anesthesia. If
the patients complained of pain or discomfort, additio-
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Table 1 - Demographic features of 22 patients

Patient No Symptoms

1 Stroke - TIA

2 Stroke

3 Stroke

4 Stroke

5 Stroke

6 Stroke

7 Stroke

8 Stroke

9 Stroke

10 Stroke

1 Dizziness

12 Dizziness, amaurosis fugax
13 Dizziness

14 Dizziness

15 Asymptomatic
16 Asymptomatic
17 Asymptomatic
18 Asymptomatic
19 Asymptomatic
20 Asymptomatic
21 Asymptomatic
22 Asymptomatic

nal doses were performed. A total dose of prilocaine of
5mg/kg was allowed. During the procedure, remifentanil
(0.025-0.05 mg/kg/min) was used to provide patient com-
fort. The patient’s consciousness is quite necessary for the
neurological function control in this procedure. Hence,
sometimes, midazolam was added after de-clamping.
Blood pressure control was achieved with continuous
perfusion of nitroglycerin. Diltiazem or metoprolol was
used as additional drugs in the management of blood
pressure. Systemic heparin (1001U/kg) was administered
before clamping and was not antagonized after the pro-
cedure. In the patients who did not tolerate cross-clam-
ping, the shunt was used. The surgical procedure began

with a standard incision paralel to the sternocleidomas-
toid muscle and common carotid artery (CCA), internal ca-
rotid artery (ICA) and external carotid artery (ECA) were
prepared and dissected. Following systemic heparin injec-
tion, the arteries were clamped. The patient’s conscious-
ness and response to verbal stimuli and ability to move
contralateral side hand and foot were evaluated for the
neurological examination at least 2-3minutes prior to
arteriotomy. In the patients who did not tolerate cross-
-clamping, endarterectomy was performed with insertion
of a shunt. A longitudinal incision was performed from
the common carotid artery to the internal carotid artery
until the level of the plaque-free segment was observed.
Thromboendarterectomy was performed with an eleva-
tor. The atherosclerotic plaque was removed and put into
2% formaldehyde for experimental investigation. The
patchplasty was performed for the reconstruction of the
arteries in all patients. After hemostasis, a drain was in-
serted to the surgical site and the tissues were sutured
anatomically. In the patients who had bilateral carotid
artery disease, the symptomatic in other words more ste-
notic side underwent surgery first and then the contrala-
teral side underwent surgery.

Micro-computerized tomography (micro-CT)

Skyscan 1174v2 device (Bruker, Kontich, Belgium) with
the following settings of 50 kV, 800 pyA, 1024x1304 re-
solution, filter of 0.5 mm aluminum, rotation step of 0.9°
and 40 W power was used for scanning the plaques fixed
within 2% formaldehyde. After adjusting a micro-focal
spot and high-resolution detectors for X-rays, for each
plaque, full-scan mode 360" was performed in about 50
min scan period and then the images were created via
Ctvox and ctan programs. 480 raw images in TIFF format
were reconstructed using NRecon Software (Bruker, Kon-
tich, Belgium) which generated 755 horizontal sections in
BMP format.

Scanning acoustic microscopy (SAM)

Methods in SAM experiments were applied in accordan-
ce with Bogazici University Institutional Review Board for
Research with Human Subjects. The plaques were charac-

Computer

‘ Internal bus A/O board
Pulser/Receiver
‘WI Stage driver

Target Reference

L= _—__

Transducer

Mechanical stage

Fig. 1 - SAM schematic in Al mode.
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terized by scanning acoustic microscope (AMS-50SI) which
was developed by Honda Electronics (Toyohashi, Japan).
The schematic of SAM setup in acoustic impedance (Al)
mode is shown in Figure 1. It is composed of a transdu-
cer with quartz lens, a pulser/receiver, an oscilloscope,
a computer and a display monitor. 80 MHz transducer
has a spot size of 17 ym and a focal length of 1.5 mm. It
generates single pulses of width of 5 ns with a repetiti-
on rate of 10 kHz and also collects the reflected acoustic
waves, therefore, acts as a pulser/receiver. Distilled water
is the coupling medium between the quartz lens and the
substrate. X-Y stage scans the transducer. The signals re-
flected from both the reference and target material are
analysed by the oscilloscope. Finally, with a lateral re-
solution of approximately 20 um, acoustic intensity and
impedance maps of the region of interest with 300x300
sampling points are visualized.

In Figure 1, the target is the plaque sample and the
reference is distilled water. The target signal can be writ-
ten as

e where is the generated signal by the 80 MHz trans-

ducer, is the acoustic impedance of the plaque
andis the acoustic impedance of the polystyrene
substrate,which is 2.37 MRayl. The plaque’s acous-
tic impedance is calculated by comparing the re-
flected signal from the plaque with the one from
the reference. The signal reflected from the refer-
ence can be written as

e where is distilled water’s acoustic imped-

ance, which is 1.50 MRayl. Consequently, the
plagque’s acoustic impedance is

Statistical analysis

Statistical analysis was performed using SPSS (SPSS for
Windows, SPSS Inc, Chicago, IL, US) 15.0 computer soft-
ware. Data were expressed as mean * standard deviati-
on for continuous variables and counts and frequencies
for categorical variables. Conformity of normal distribu-
tion and homogeneity were tested with the Kolmogo-
rov-Smirnov test for the analysis of continuous variables.
Normally distributed data were compared with Student t
Test. Mann-Whitney U was was used for the analysis of
data which do not show normal distribution. Categorical
values were evaluated with Chi-square test. Parametric
values were evaluated with Independent Samples T-Test.
A p-value of less than 0.05 was considered statistically sig-
nificant.

Results

All patients underwent conventional carotid endarterec-
tomy procedure under regional and infiltration anesthe-
sia. During the procedure neurological deterioration did
not occur in any patients hence the shunt was not nee-
ded. The mean operation time was 64.22+29.04 minutes.

Perioperatively, in 10 patients, the atherosclerotic le-
sions were quite rigid under macroscopic inspection,
which supports calcium-rich plaque formation. These
patients were asymptomatic or had dizziness and were
stroke-free. Plaque rupture was detected in 6 patients
with stroke history. One patient with recurrent transient

ischemic event had a severe ulcerative plague. Remaining
5 patients with cerebral ischemic event had soft plaque
formation. The stenosis degree was not significantly dif-
ferent in soft or though plaques. However, dizziness was
more common in patients with stenosis degree above
90%.

Postoperatively, all patients had been taken to the in-
tensive care unit. The mean drainage was 24.50+17.64 cc.
Hematoma occured in 2 patients. One of them was the
patient who underwent operation immediately under
clopidogrel therapy. The hematomas resolved spontane-
ously and reoperation was not required in any patient.
Erythrocyte suspension replacement was not required in
any patient. After one day in intensive care unit, the pa-
tients were taken to the ward. The mean hospital stay
after the operation was 36.40+13.46 hours. Minor neuro-
logic deficit confined to the nerves of platysma and hypo-
glossal nerve occured in 10 patients and resolved sponta-
neously during follow up. The patients were discharged
from the hospital under clopidogrel and acetylsalicylic
acid dual therapy, except the patients with mechanical
valve replacement history. They are followed under war-
farin and acetylsalicylic acid. In the six-month follow-up
period, the mortality, major or minor bleeding did not
occur in any patients. The control computed tomography
angiography revealed successfull procedure without re-
stenosis in all patients.

Micro-CT results

Each plaque, fixed with gauze inside a tube full of 2%
formaldehyde, was first monitored with micro-CT, to vi-
sualize calcifications spread through, as can be seen in
Figure 2. The calcific regions had been specified before
the plaques were prepared for SAM studies.

Fig. 2 - Micro-CT image of a plaque sample in which the calcifica-
tions were monitored clearly in 3 dimensions. Darker regions be-
long to calcifications.

SAM results

The plaques had cylinder-like structures of a height of
around 2 cm and radius of approximately 1 cm. We pre-
pared smaller cylindrical cross sections of a height of 2
mm and radius of 1 cm with plain facets by slicing them
with a lancet, for SAM studies.We obtained the images
of plaques by using Al mode of SAM. Figure 3 shows the
acoustic impedance map of one sample which was con-
structed using the acoustic reflections from both surfaces
of distilled water and the plaque cross-section on the po-
lystyrene substrate (Fig. 1). The acoustic impedance dis-
tribution indicated different components with different
elasticity within the atherosclerotic plaques.The carotid
artery plaques were examined in the context of morpho-
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Fig. 3 — Acoustic impedance map of one atherosclerotic plaque ob-
tained by comparing the reflected signals from distilled water and
the sample. Upper nonuniform shape belongs to the plaque sam-
ple, having collagen-rich and calcific regions specified with diffe-
rent colors, and the lower uniform shape belongs to distilled water.
The scanning area is 4.8 mm x 4.8 mm.

Table 2 - Mean acoustic impedance values of collagen-rich

and calcific regions of plaques of all patients

Patient No Mean acoustic Symptoms
impedance value (MRayl)

1 1.542-1.723 Stroke - TIA

2 1.540-1.719 Stroke

3 1.510-1.732 Stroke

4 1.503-1.654 Stroke

5 1.507-1.724 Stroke

6 1.506-1.694 Stroke

7 1.513-1.751 Stroke

8 1.501-1.765 Stroke

9 1.538-1.729 Stroke

10 1.521-1.686 Stroke

11 1.561-1.744 Dizziness

12 1.510-1.751 Dizziness, amaurosis
fugax

13 1.521-1.714 Dizziness

14 1.560-1.627 Dizziness

15 1.514-1.700 Asymptomatic

16 1.547-1.832 Asymptomatic

17 1.544-1.772 Asymptomatic

18 1.511-1.724 Asymptomatic

19 1.577-1.760 Asymptomatic

20 1.559-1.761 Asymptomatic

21 1.501-1.743 Asymptomatic

22 1.614-1.814 Asymptomatic

logical features. The high acoustic impedance value is as-
sociated with calcium-rich plaque morphology. The rela-
tionship between plague morphology and symptomatic/
asymptomatic disease and the risk of stroke was evalua-

ted. The acoustic impedance values of al Ipatients were
summarized in Table 2.

As it is seen in the Table 2, the smaller acoustic im-
pedance values are associated with collagen-rich regions,
while the higher values are associated with calcific regions
within the plaques. These results show that symptomatic
disease is not correlated with formation of high density
of calcification.Table 2 presents acoustic impedance mi-
croscopy results in collagen-rich and calcific regions.

Discussion

Carotid artery stenosis is accused of being one of the
major causes of the stroke in the world." Under current
guidelines, carotid endarterectomy is performed in se-
rious cases with high degree of stenosis to eliminate st-
roke risk.? However, the stroke risk is not associated with
only the degree of carotid stenosis, the structure of the
atherosclerotic plaque has also an important role in their
stability or instability."®"" Hence, a clinical practice is cru-
tial to predict the high-risk lesions even in asymptomatic
patients.

In histological examinations, inflammation leads to
destabilization and causes potentially symptomatic le-
sions. Besides, the lesions with thin fibrous cap, large
lipid necrotic core, and intraplaque haemorrhage may
cause instable plaques.’ However, because of the lim-
ited availibility of the imaging methods, the relationship
between the structure of the atherosclerotic lesions and
symptomatic disease is still unclear. Calcified plaques are
considered as low risk lesions because of the stable na-
ture'? but one fifth of them may be symptomatic.'

In clinical practice, Doppler ultrasound (USG) and com-
puted tomographic angiography (CTA) are most com-
monly used to reveal the degree of carotid artery steno-
sis.> Although USG is generally the first choice imaging
tool; it is subjective depending on the operator and is not
enough to specificity tissue composition.® The CTA has an
advantage of revealing the exact localization and extent
of the stenosis, the calcium volume; however, it has some
disadvantages such as iodinated contrast agents and radi-
ation exposure. Besides, it is not appropriate for showing
hemodynamics, flow abnormalities or detect micro-calci-
fications."® The magnetic resonance angiography (MRlI) is
another option for screening in clinical practice. MRI is
superior to CTA in assessing the intraplaque hemorrhage
and ulceration of atherosclerotic plaque.’

The degree of stenosis is evaluated with the cerebral
symptomatology and the carotid endarterectomy proce-
dure is decided in the patients who have beneficial po-
tentials.""® Carotid artery stenting is another option in
appropriate patients but the surgical procedure is still the
gold standard.™ In some centers, the symptomatic disease
is the only indication for carotid endarterectomy.!

Intraplaque hemorrhage and ulceration have been
known to be associated with plaque vulnerability by lead-
ing instability." Intraplaque hemorrhage induces inflam-
mation and is considered as one of the biomarkers of the
plaque instability. Plaque ulceration is another instability
factor because it causes fibrous cap rupture and leads to
ischemic cerebrovascular events. Hence, the lesion is more
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common in symptomatic patients than asymptomatic pa-
tients.2 When intraplague hemorrhage is together with
plague ulceration, recurrent ischemic events may occur.
In many series, calcification is thought to be protective
for ischemic events' and the patients with collagen-rich
plaque had more cerebral stroke.>® In contrary to these,
there have been some studies mentioning that calcifica-
tion may increase plaque vulnerability depending on cal-
cification sizes and locations.” The calcifications that are
thinner and closer to the surface may suffer high stress
concentration and lead to intraplague hemorrhage and
plaque rupture. However, the deeper calcification has
lesser plaque stress and acts like a barrier for preventing
intraplaque hemorrhage formation.” Also, there have
been some studies suggesting that the incidence of pre-
operative neurological symptoms and histological com-
plications are not so different in patients with or without
plaque calcification, in addition to this, cerebral ischemic
events may be seen more frequently in the presence of
more calcifications.

Because of requiring predictor risk factors of the ath-
erosclerotic plaque, the examinations have been focused
on the stenosis degree. Stenosis degree is considered as
one of the risk factors. Although previous studies report-
ed that high degree stenosis has a role in symptomatic
disease, recent studies showed that there is no relation
between stenosis degree and ischemic cerebral event.? Ip-
silateral hypoperfusion is assigned as another risk factor
for symptomatic disease. In this content, the brain perfu-
sion may have an utmost importance for triggering the
symptomatic disease.?

In recent years, with an increasing number of stud-
ies that reveal the importance of components in ath-
erosclerotic plaque for determining the risk potential;
the clinicians examine the imaging tools that highlight
plaque structure. Intravascular ultrasound (IVUS), near-
infrared spectroscopy (NIRS), and optical coherence to-
mography (OCT) have been used in coronary circulation
and are found useful to evaluate plaque morphology.
While IVUS and OCT are useful methods for athero-
sclerotic lesions, NIRS can detect lipid components.'®
In a study, Agatston calcium score was assumed to be
a predictor factor for plaque vulnerability.’ The higher
scores meant lower symptoms ipsilateral to the carotid
lesion. Hence, in the asymptomatic group, there had
been significantly more carotid calcification than in
symptomatic group.’™

As we previously reported, scanning acoustic micros-
copy (SAM) may be considered as another optional im-
aging tool obtaining useful information about structural
and mechanical information of atherosclerotic plaque.®'®
SAM provides differentiation between collagen-rich areas
and calcified regions, so it may be beneficial to determine
high-risk lesions in clinics. In our study, we have enlarged
the patient number and evaluated the plaque structure
in the context of symptomatic or asymptomatic disease.
The patients with plaques of less acoustic impedance,
which had more collagen-rich regions, suffered stroke
more than the patients with plaques of high acoustic
impedance, which had more calcification. This result is
correlated with previous reports that claim the calcifica-
tion is protective for stroke by providing a stable plaque.

Also, we have revealed that when the calcification region
is increased, the number of patients complaining about
the dizziness increases. We think that this result may be
the consequence of hypoperfusion depending on the in-
creased calcification.

In this study, we concluded that the components of
the carotid plaque are strongly associated with the stroke
rates. In a daily clinical practice, the stenosis degree is
thought as the most important indicator of the high risk
pathology. Recent studies have started to change this
opinion with patient series. Plaque morphology takes at-
tention for the determination of high risk lesions, there-
fore new imaging tools are required. According to our
results, the symptomatic disease is not correlated with
the formation and high density of calcification. However,
supporting the previous studies that promote calcium-
rich plague formation as a stabilizer, our results reveal
that the stroke risk is associated with collagen-rich plaque
formation. Our major limitation is a small number of the
patients. The larger number and multicenter series are
necessary to make examination of the morphological fea-
tures of the carotid artery plaques a standard procedure
in clinical practice to differentiate high-grade lesions and
discriminate which patients require intervention for the
atherosclerotic carotid artery disease.
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Extrakorporalni membranové oxygenace (ECMO) je uznavanou a sofistikovanou metodou mimotélniho
obéhu, ktera je uzivéna v kritickych nebo Zivot ohrozujicich stavech. V pribéhu mimotélniho obéhu muze
nastat mnoho komplikaci nejen klinickych, ale i organizacnich a technickych. Cilem literarniho pfehledu bylo
posoudit ¢asné a pozdni komplikace extrakorporalni membranové oxygenace. Pro obsahovou analyzu bylo
zvoleno 14 retrospektivnich studii. Souhrn pacientl v analyzovanych studiich ¢ital celkem 7 165 pacientl na
ECMO. Z toho bylo 6 193 pacientli na venoarteriélni (VA) ECMO a 326 na venovenozni (VV) ECMO. Nejcastéj-
$i komplikaci ECMO bylo krvéaceni, poté komplikace renalni, neurologické, infek¢ni, vaskularni a v nejmen-
$im zastoupeni mechanické a technické komplikace. Znalost rizikovych faktord, prevence komplikaci a jejich
vcasnd identifikace mize pozitivné ovlivnit miru a kvalitu preziti pacientd na ECMO.

© 2021, CKS.

ABSTRACT

Extracorporeal membrane oxygenation is a recognized and sophisticated method of extracorporeal circula-
tion used in critical or life-threatening conditions. During extracorporeal circulation, many complications can
occur, not only clinical, but also organizational and technical. The aim of the literature review was to assess
the early and late complications of extracorporeal membrane oxygenation. 14 retrospective studies were se-
lected for content analysis. The total number of patients in the analysed studies numbered 7,165 patients on
ECMO. Of these, 6,193 were on VA-ECMO and 326 on VV-ECMO. The most common complication of ECMO
was bleeding, followed by renal, neurological, infectious, vascular complications and, to a lesser extent, me-
chanical and technical complications. Knowledge of risk factors, prevention of complications, and their early
identification can positively affect the rate and quality of survival of patients at ECMO.

Uvod

VV ECMO se nejcastéji vyuziva u dospélého ¢lovéka pri
tézkém akutnim poskozeni plic, které mize nastat pulso-

Extrakorporalni membranova oxygenace (extracorporeal
membrane oxygenation, ECMO) je uznavanou (,rescue”)
metodou v |é¢bé tézkého respiracniho a kardidlniho se-
Ihani v intenzivni péci.' Jedna se o krevni pumpu, ktera
pracuje na principu mimotélniho obé&hu krve. Mechanika
zvana oxygenator zajistuje vyménu krevnich plyna.2 Zilni
krev pacienta je vhanéna do oxygenatoru, kde dochazi
k postupné vyméné plynd. Do obéhu pacienta se vraci
zpét okyslicend krev.? ECMO poskytuje venovendzni ex-
trakorpordlni membranovou oxygenaci (VV ECMO) nebo
venoarteridlni extrakorporalni membranovou oxygenaci
(VA ECMO).

benim bakteridlnich nebo také virovych infekci, jako je
H1N1 nebo také SARS-CoV-2. Dalsimi dlvody mohou byt
edém, barotrauma, inhalac¢ni poskozeni plic, plicni kontu-
ze, aspirace, syndrom dechové tisné dospélych (acute re-
spiratory distress syndrome, ARDS) a dalsi. NeZ se zahdji
tato terapie, musi se vzit v Uvahu zdravotni stav pacienta
a jeho reverzibilita.?

Nejcastéjsim dlvodem napojeni pacienta na VA ECMO
je postizeni kardiovaskularniho systému. Zde Ize zahrnout
kardiogenni $ok (napf. pfi akutnim infarktu myokardu,
myokarditidé), refrakterni srde¢ni zastavu, stavy po kar-
diopulmonalni resuscitaci (KPR) a stavy po kardiochirur-
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gické operaci. Tento typ ECMO je mozné pouzit i jako
prechodnou podporu u kombinovaného nebo septického
soku.? Vyhodou ECMO je, Ze ji mGizeme zahdjit urgentné
u lGzka pacienta i béhem srdecni zastavy. V kritickém sta-
vu lze pacienta transportovat, poskytnout mu ¢as k pre-
klenuti uzdraveni a zahdjeni i jinych podplrnych metod."*

V prlibéhu mimotélniho obéhu vsak muze nastat
mnoho komplikaci nejen klinickych, ale i organizacnich
a technickych. Mezi nejcastéjsi komplikace patfi krvaceni
v souvislosti s antikoagula¢ni lécbou,’ zejména z dlvodu
aplikace heparinu, ktery je vhanén do okruhu, aby zabra-
nil vzniku srazenin.® Dle Simka a spol.* je také nej¢ast&jsi
komplikaci krvaceni (40-70 %). K nejzavaznéjsim fadi in-
tracerebrdlni krvaceni (5-10 %) a krvaceni do gastrointes-
tinalniho traktu. Riziko ischemie dolni koncetiny (DK) pfi
zavedené arterialni kanyle je 10-20 %. Obavanym rizikem
je i embolizace do centralni nervové soustavy, koncetin
nebo tvorba trombd v okruhu ECMO.

Cilem literdrniho prehledu je posoudit ¢asné a pozd-
ni komplikace extrakorpordlni membranové oxygenace,
jejich ovliviiujici faktory a mortalitu pacientd na ECMO.

Metodika

Kritériem vybéru pro obsahovou analyzu byly studie
zabyvajici se extrakorpordlni membranovou oxygenaci
u dospélych pacientl. ReSersni analyza byla provedena
v databazi Scopus, EBSCO, PubMed a Google Scholar.
Usmérnéni vyhledanych studii bylo provedeno zuzenim
v anglickém nebo ceském jazyce, v letech 2009-2020,
s podminkou vyhledani plného textu. Vylucujicim krité-
riem byly studie u pediatrickych pacientl. V pripadé vy-
skytu studie zkoumajici dospélou i pediatrickou skupinu
pacientd byly ze studie extrahovana pouze data tykajici
se dospélych pacientt na ECMO.

Vysledky

Po klasifikaci relevance k tématu bylo pro obsahovou ana-
lyzu zvoleno 14 retrospektivnich studii. Souhrn pacientt
v analyzovanych studiich ¢ital celkem 7 165 pacientl na
ECMO. Z toho bylo 6 193 (86,43 %) pacientl na VA ECMO
a 326 (4,55 %) na VV ECMO. Komplikace extrakorpordlni
membranové oxygenace byly po analyze textu katego-
rizovany dle absolutni ¢etnosti na komplikace krvacivé,
rendlni, neurologické, infek¢ni, vaskularni a mechanické.

Komplikace ECMO
Z vysledka analyzovanych studii je patrné, Ze nejcastéjsi
komplikaci bylo krvaceni (n — 1 435/33,65 %), dale kom-
plikace rendlni (n — 948/ 22,23 %), neurologické (n — 915/
21,45 %), infekéni (n — 504/ 11,82 %), vaskularni (n — 269/
6,31 %) a mechanické (n — 194/ 4,55 %) (tabulka 1).5"°

Z celkového poctu identifikovanych krvacivych kompli-
kaci (n — 1435/33,65 %) uvadéli autofi cetnost torakoto-
mii z ddvodu hrudniho krvaceni nebo srdecni tampona-
dy (n — 642/ 44,74 %). Torakotomii je nutné povaZovat
za chirurgicky (intervencni) vykon provedeny v dusledku
krvacivych komplikaci. Krvaceni v misté ECMO kanyly
(femoralni hemoragie) byla popsdna ve 158 pfipadech.

Gastrointestinalni komplikace byly identifikovany ve 183
(12,75 %) ptipadech, z ¢ehoz 86 (5,99 %) vyZzadovalo ex-
plorativni laparotomii nebo gastroskopii. Intrakranialni
krvaceni bylo prezentovano v 70 (4,88 %) pfipadech.

Dalsi nejcastéjsi komplikace byly na urovni rendlniho
systému. Celkem bylo nalezeno 948 (22,23 %) pripadu
s rendlni komplikaci. Pfevazovalo akutni selhani ledvin
vyZadujici kontinualni rendlni substitu¢ni terapii (n — 532/
56,12 %).

Neurologické komplikace byly uvadény v celkovém po-
¢tu 915 (21,45 %) pripadl. Z ¢ehoz nejcastéji byla uva-
déna smrt mozku (n — 362/39,56 %) a ischemicka cévni
mozkova prihoda (n — 260/28,42 %). Hemoragické moz-
kové krvaceni bylo uvedeno v 116 (12,68 %) pfipadech
a nespecifikované zachvaty v 83 (9,07 %) pfipadech. In-
fekéni komplikace byly nalezeny v 504 (11,82 %) pfipa-
dech. Nejcastéjsi infek¢ni komplikaci byla sepse (n — 380/
75,40 %), v nékterych pripadech progredujici v septicky
$ok s naslednym multiorgdnovym selhanim. Infekce mista
vpichu u pacientt na ECMO byla popsdna u 66 (13,10 %)
pripadld. U 16 (3,17 %) pacientl se vyskytla nozokomidlni
infekce.

Vaskuldrni komplikace byly identifikovany v 269
(6,31 %) pripadech. Dominovala ischemie koncetin (n -
113/42,01 %). Zavazné vaskularni komplikace byly dale
prezentovany s vyskytem rliznych forem postizeni (kom-
partment syndrom vyZadujici fasciotomii, amputace kon-
Cetiny a dalsi). Mechanické a technické komplikace byly
nalezeny ve 194 (4,55 %) ptipadech. Nejcastéji byla popi-
sovdna vyména oxygendatoru (n — 76/39,18 %), nasledné
porucha koagulace souvisejici se zafizenim (n — 32/16,49
%), trombdza kanyly (n — 21/10,82 %), trombdza oxyge-
natoru (n - 16/8,25 %) a dalsi (tabulka 1).

Diskuse

Pacienti, ktefi jsou napojeni na ECMO, jsou v dlsledku
pUsobeni rizikovych faktord ohrozeni vznikem casnych
a pozdnich komplikaci, které vyznamné ovliviiuji nasled-
nou morbiditu a mortalitu pacientd. Délka terapie ECMO
pak nasledné ovlivriuje pribéh hospitalizace a vytizenost
intenzivni a resuscitacni péce.

Jednou z nejcastéjSich komplikaci u ECMO je he-
moragie. To dokazuji i vysledky analyzovanych stu-
dii.6711-131517.19 P¥j krvacivych komplikacich uvadéli auto-
fi ¢etnost provedenych torakotomii pro hrudni krvaceni
nebo srdecni tampondadu.'>'17.19 VVyskyt srdecni tampona-
dy a hemothoraxu potvrzuji i autofi Aubron a spol.® a Na-
kasato a spol." Vyznamny podil na krvacivych pfihodach
maji i gastrointestinalni komplikace,'"'*'® které v nékte-
rych pripadech vyzaduji explorativni laparotomii nebo
gastroskopii.™”

U pacientd po chirurgickém zakroku se riziko krvaceni
vyznamné zvysuje, zejména jedna-li se o operac¢ni ranu."
Podle Barttnka a spol.? dochdzi nejcastéji ke krvaceni
v okoli vstupu kanyl, jejich okoli nebo také z operac¢nich
ran. | v analyzovanych studiich bylo krvaceni ze vstupt
v okoli kanyl ECMO a hematom vyznamnou komplika-
Ci.&131519 Ve studii autord Aubron a spol.®se hemoragické
komplikace podle definice ELSO vyskytly u vice nez polo-
viny kriticky nemocnych pacientd podstupujicich ECMO.
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Casné a pozdni komplikace ECMO

Mezi nejcastéjsi komplikace, které byly ve studii zahrnuty,
jsou krvaceni z kanyly ECMO, krvaceni v misté po kardio-
chirurgickém zakroku a ORL krvaceni. Stfedni doba do prv-
niho krvaceni od zahdjeni ECMO byla ¢tyfi dny. Nakasato
a spol." také uvadéji krvaceni v misté orotrachealni kanyly
¢i drénu. Po pfipojeni k mimotélnimu okruhu muze dojit
k hemostatickym zméndm, které mohou zpUsobit hemoly-
zu. Pfi kontinudlni antikoagulaci mdze nastat krvaceni do
plic zptsobené nadmérnym odsavanim z dychacich cest.
V tomto pfipadé je nutné provadét velmi Setrnou toaletu
dychacich cest. Je také nutné myslet na skryté koagulacni
poruchy. Ty se objevuji az u 80 % pacientd na ECMO. Cha-
rakteristické je difuzni krvaceni, které ustane po ukonceni
obéhové podpory.? Pfitomnost intrakranidlniho krvaceni
v prubéhu ECMO dokladaji autofi Aubron a spol.® a Flet-
cher-Sandersjo6 a spol.” Pokud dojde k intrakranidlnimu
krvaceni, pficina muze byt v kontinualni heparinizaci, sy-
stolické hypertenzi, koagulopatii nebo trombocytopenii.2
Fletcher-Sandersjo6 a spol.” dale uvadéji rdznou kombi-
naci intrakranialniho krvaceni. Z celkového poctu 351 pa-
cientd hospitalizovanych pro ECMO doslo béhem lécby
u 19 % pacientl (n — 65) k rozvoji intrakranidlniho krvace-
ni, a to 74 % intraparenchymalni krvaceni (n — 48), 54 %
subarachnoidalni krvaceni (n —35), 38 % intraventrikularni
krvaceni (n —25) a 9 % subduralni krvaceni (n — 6). Zaroven
autofi vyjadfuji znicujici dopady intrakranidlniho krvaceni
na zdravi pacientl pfi ECMO s vysokou mirou umrtnosti.

Krvacivé komplikace u pacientd na ECMO v nékterych
pfipadech podminuje antikoagulacni |é¢ba. Ta je vsak ne-
zbytnou soucasti komplexniho procesu ECMO. Proto je
velmi dulezité udrzet vyrovnany vztah mezi tvorbou sra-
Zenin a zvysenou krvacivosti.

Renalni komplikace jsou druhou nejcastéjsi pricinou
komplikovaného pribéhu ECMO." 1314151719 Pficemz nej-
Castéjsi je akutni selhani ledvin vyzadujici kontinualni re-
nalni substitu¢ni terapii. | Botsch a spol.?' zmiriuje vysokou
Cetnost akutniho poskozeni ledvin u pacientd na mimotél-
ni podpore, které je zaroven spojeno az s ¢tyfndsobnym
rizikem umrtnosti. Vysoké pretiZzeni tekutinami je jednim
z hlavnich ddvodua zahajeni dialyzacni Iécby. Na zacatku
Ié¢by ECMO dochazi ¢asto k obnové produkce moci. Davo-
dem je snizeni nitrohrudniho tlaku vlivem snizeni decho-
vého rezimu na umeélé plicni ventilaci. V tomto pripadé
mUze dojit u pacienta k rozvoji akutni tubuldrni nekrézy,
ktera vyzaduje dialyza¢ni Ié¢bu.? Pravidelnym hodnoce-
nim pfijmu a vydeje moci za 24 hodin je mozné vcas iden-
tifikovat pretizeni organismu tekutinami.?'

Na udrovni neurologickych komplikaci byla nejcetnéji
zastoupena ischemicka cévni mozkova prihoda.6”21417.19
K cévni mozkové pfihodé muize dojit na podkladé intra-
kranidlniho krvaceni, trombu nebo vzduchové embolie.
Hemoragicka cévni mozkova pfihoda je v nasem literarnim
prehledu zastoupena v mensim rozsahu oproti ischemické
CMP, presto vsak tvori znac¢nou ¢ast komplikaci. Autofi Lo-
russo a spol.’, Nakasato a spol."" a Yang a spol.”* uvadéji ve
svych studiich i kfecové stavy. Kfecové stavy mohou byt dle
Bartlrika a spol.2 vyvolany nerovnovéhou vnitfniho prostre-
di. Jako dUsledek neurologickych komplikaci byla ve vysoké
mife uvedena smrt mozku.® Krvacivé a neurologické kom-
plikace spolu vzdjemné souviseji, jejich vyskyt vyznamné
ovliviiuje antikoagulacni 1écba. Dalsi vyzkumy by se proto
mély zaméfit na problematiku antikoagula¢ni terapie.?

Autofi analyzovanych studii uvadéli ke komplikacim
také infekce. Nejcastéji byla identifikovana sepse nebo
sepse s progresi do septického Soku a multiorganového
selhani.'*'617.19\/ dasledku invazivnich metod vyuzivanych
pfi mimotélnim obé&éhu a moZzném pusobeni bakterii se
zvysuje riziko infekce aZ rozvoj sepse (device-related sep-
sis).2?® Infekce v misté vpichu tak tvofi vyznamnou cast
infek¢nich komplikaci.®'*' Délka terapie ECMO také vy-
znamné ovliviiuje pravdépodobnost rozvoje infekce.?
S tim souvisi i vy$si ndchylnost k nozokomialnim nakazam,
jejichz pfitomnost potvrzuje ve studii také Kim a spol.”®
V literature se udava, Zze 13-26 % hlasenych nozokomial-
nich infekci u dospélych pacientd, ktefi jsou na mimotélni
podpore, je spojeno s infekci jesté pred zahajenim terapie.
Mezi nejcastéjsi nozokomidlni infekce patfi infekce dycha-
cich cest, mocové infekce a infekce v misté chirurgickych
zakrok{.?!

Vaskularni komplikace byly nejvice zastoupeny ischemii
koncetin.5®1417.1% Tyto ischemie mohou progredovat do sta-
vy, jako je nekréza, kompartment syndrom, jenz vyzaduje
fasciotomii a v nékterych pripadech koncii amputaci.®1-1417.19
Pri¢inou ischemie u VA ECMO je obstrukce femoralni tepny
outflow kanylou. Prevenci je v¢asna diagnostika rozvijejici se
ischemie prostfednictvim jednoduchych fyzikalnich vysetieni
a tkdriovou oxymetrii. Pravidelna kontrola koncetin je roz-
hodujici pro snizeni vyskytu ischemickych komplikaci. Cévni
komplikace mohou byt detekovany pomoci dopplerovské-
ho ultrazvuku a klinickych projevi souvisejicich s teplotou,
barvou, perfuzi a pritokem krve na zakladé pravidelného
vySetifovani Jako prevence ischemie se doporucuje zvysit
extrakorporalni pratok krve nebo zavedeni distalniho per-
fuzniho katétru.? Barttnék a spol.2 zmiriuji, Ze u VA ECMO
dochazi k ischemii koncetiny pod mistem zavedeni arteridlni
kanyly, tento problém je mozné vyresit pomoci reperfuznich
kanyl vedoucich na opacnou stranu od arteridlni kanyly.
Yang a spol.” sledovali vaskularni komplikace u dospélych
pacientl s kardiogennim Sokem, ktefi byli napojeni na VA
ECMO pomoci femoralni chirurgické kanylace. Ve studii bylo
zjisténo, Ze se vaskuldrni komplikace vyskytly u 16,7 % pfi-
padu, véetné ischemie koncetin (8,6 %) a krvaceni v misté
kanylace (8,6 %). Dle vyzkumu autortd Lamb a spol.2 mélo
ischemii 12 z 91 pacientl. V dobé femoralni kanylace byla
perfuzni kanyla umisténa u 55 z 91 pacientl (60 %) a u zad-
ného z nich se nevyvinula nasledna ischemie koncetin. U zby-
vajicich 36 pacientt (40 %) bez zavedeného katétru se u 12
(33 %) vyvinula akutni ischemie koncetin. Po zavedeni per-
fuzni kanyly ischemie vymizela. Vysledky této studie nazna-
Cuji, Ze perfuzni katétry ucinné brani ischemii a mély by se
implantovat automaticky. Narusend cirkulace muize vést
i k rozvoji kompartment syndromu''2?>s nutnosti provedeni
fasciotomie.®'"* Pokud se tento stav nebude lécit, mGze do-
jit k amputaci koncetiny 81319

K neméné vyznamnym komplikacim lze fadit i kompli-
kace mechanické a technické s pestrou skalou pficin. V na-
sem literdrnim prehledu byla nejvice zastoupena vyména
oxygenatoru.5'® Nejméné byla zastoupena mechanicka
porucha krevni pumpy.'® Jeji pfi¢cina mize byt mechanicka
nebo v privodu elektrické energie. Poskozeni Ize rozpoznat
podle snizeného odbéru a navratu krve do obéhu pacienta.
Pokud dojde k poskozeni elektrické energie a na misté neni
zadny ndhradni zdroj, pumpu je mozné pohanét ru¢né po-
moci kliky, ktera je soucasti kazdého pfistroje.?
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Dle Lubnowa a spol." se technické komplikace béhem
VV ECMO terapie vyskytly pfiblizné u 30 % pacientd. Za-
hrnuti byli pouze pacienti s alespori jednou vyménou sys-
tému a trvanim podpory ECMO delsi nez 48 hodin. Celkem
u 45 % musela byt provedena systémova vymeéna naléha-
vé, zatimco u zbyvajicich mohly byt provedeny volitelné.
Pro vyménu systému bylo 10 % nepredvidatelnych mecha-
nickych komplikaci a u 5 % bylo podezfeni na infekci.

Lubnow a spol.”® déle uvadéji tvorbu srazenin v hlavé
pumpy. Tvorba srazenin v pumpé se zhor$enym preno-
sem plynu a poruchou koagulace souvisejici se zafizenim
nebo tvorba srazenin v hlavé cerpadla vedouci k hemo-
lyze predstavovala 85 % technickych komplikaci. Stejné
tak Nakasato a spol." popisuji vyskyt srazenin v systému
ECMO. Lange a spol.?® uvadéji, Zze srazeniny v trubici,
v okyslicovadle nebo intravaskuldrni trombdéza vyzadu-
ji vice antikoagulace, kterd mulze zvysit riziko krvaceni.
Pokud by nastala tato komplikace, srazeniny se mohou
uvolnit a nasledné zpusobit napfiklad infarkt myokardu.
Tim, Ze je pratok u VA ECMO pres plicni cirkulaci, hrozi
zvysené riziko vzniku trombu v plicnim obé&hu nebo muze
u pacienta dojit také k cévni mozkové prihodé. Proto je
nékdy nutna kompletni vyména obvodU i zavedené kany-
ly. Podle Bartunka a spol.? jsou krevni srazeniny jednou
z nejcastéjsich mechanickych komplikaci, které mohou na-
stat. Selhani oxygenatoru, systémovou nebo plicni embolii
muze zpUsobit nadmérnd tvorba krevnich srazenin nebo
velkych koagul. Dle Ostadala a spol.? je riziko vzniku krev-
ni srazeniny v okruhu ECMO pfi krdtkodobém a spravném
pouziti antikoagulacni [écby nizké. Pfi dlouhodobém uzi-
ti, omezeni nebo vysazeni antikoagulace se muze riziko
vzniku trombu zvysit. Proto je nutné pravidelné provadét
kontrolu ¢asti okruhu a mérit tlak oxygenatoru.

Rizeni schopnosti vymény plynu a poklesu tlaku pres
krevni pumpu nebo sledovani parametria koagulace a he-
molyzy v pribéhu terapie umoznuji vcasnéjsi identifikaci
zdvaznych komplikaci spojenych s terapii ECMO.

Rozvoj ¢asnych a pozdnich komplikaci ECMO ovliviiuje
fada faktord. Vyznamnym rizikovym faktorem je napfi-
klad vék nad 65 let."*">-Autofi Yeh a spol.?’ viak uvadéji,
ze samotny vék by nemél vylucovat pacienty, aby byli kan-
didaty na podporu ECMO. Proto by rozhodnuti provést
ECMO u starsich pacientd nemélo byt zaloZzeno pouze na
véku. K dalsim rizikovym faktordm patfi diabetes mellitus,
rendIni a hepatdlni insuficience, obezita, hodnota laktatu
vyssi nez 4 mmol/l.** Fletcher a spol.” uvadéji, ze v pripadé
vyskytu intrakranialniho krvaceni béhem ECMO je riziko-
vym faktorem antikoagulacni terapie. Autofi dale uvadéji
jako mozné prediktory komplikaci nizké Glasgow Coma
Scale (GCS), vysoké skére APACHE Il a vysokou hodnotu
pre-ECMO kreatininu,'™ celkovou koncentraci bilirubinu
v séru pred implantaci ECMO a mnozstvi ztraty krve,®
predchozi KPR a pH < 7,1," dlouhodobou podporu ECMO
a vysokou hodnotu prokalcitoninu (PCT),'® onemocnéni
koronarnich tepen,’ mensi prdmér femoralni tepny, pe-
riferni okluze, absenci distaIni pulsace pred kanylaci nebo
bezprostfedné po kanylaci a/nebo také o 4 hodiny poz-
déji,?® hemoglobin < 10 g/dl, pocet desticek < 100 x 10%1,
kreatinin > 150 pmol/l, kreatinkindza-MB > 130 1U/I."®

Mortalitu pacientt béhem terapie ECMO a po terapii
ECMO vyznamné ovliviiuji zakladni onemocnéni, pfidru-
Zené diagndézy, polymorbidita, vék, celkovd schopnost

reakce organismu na zatéz apod. Enger a spol.?® uvadéji
lepsi miru preziti po VV ECMO u traumatologickych sta-
vU. Naopak intrakranialni krvaceni vzniklé béhem terapie
ECMO mélo v mnohych pfipadech fatalni dusledky a je
spojovano s nizkou mirou preziti.” Ve studii autord Aso
a spol.*® byla prokdzana vysoka umrtnost u pacientd, ktefi
podstoupili VA ECMO, zejména u pacientd s kardiogen-
nim Sokem a u pacientl se srde¢ni zastavou. Kardidlni da-
vody umrti uvadéji i autofi Rastan a spol." Miru umrtnosti
u pacientd napojenych na VV ECMO mohou ovliviiovat
i multikulturni aspekty. Napfiklad ve studii autord Mosca
a spol.®" méli zastupci europoidni rasy vyssi miru preziti
(jak tricetidenni, tak i ro¢ni) nez zastupci etnickych mensin.
Vysoky vék a dlouhodobd podpora ECMO mély také podil
na vys$si mife umrtnosti pacientd.?> Pomocnym ukazatelem
vyvoje zdravotniho stavu jsou hodnotici skdly, napfiklad
skére SOFA, RESP a PRESERVE, kterd vyznamné predikuji
preziti u pacientd na ECMO.?323 S rozvojem technického
pokroku, se stoupajici kvalitou Iékafské a osetrovatelské
péce dochazi ke snizeni Umrtnosti pacientd, v porovndni
s obdobim, kdy se zacalo ECMO zavadét do klinické praxe.

Zaveéer

Z vysledkt prehledové prace je patrné, Ze nejcastéjsi kom-
plikaci extrakorpordlni membranové oxygenace je krvace-
ni, nasleduji komplikace renalni, neurologické, infekéni,
vaskularni a mechanické. Krvacivé a neurologické kompli-
kace byly spojeny s antikoagulac¢ni Iécbou, ktera je vsak
u mimotélni podpory nutna. Prediktorem rozvoje casnych
a pozdnich komplikaci jsou zakladni diagndéza, pfidruze-
nd onemocnéni, polymorbidita, vék nad 65 let, funkéni
schopnost organismu odolavat zatézi, ale také délka tera-
pie ECMO. Tyto faktory pak vyznamné ovlivriuji mortalitu
pacientd béhem a po lé¢bé ECMO. Prevenci komplikaci
a jejich vcéasnou identifikaci je mozné pozitivné ovlivnit
miru a kvalitu preziti pacientd na ECMO.

Prohlaseni autorii o mozném stretu zajmu
Autofi nemaji zadny stfet zajma.
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Vyzkum zaméreny na lé¢bu onemocnéni COVID-19 ved| k pouziti hydroxychlorochinu (HCQ) jako jedné z moznosti
lé¢by. Uinnost HCQ Ize zvyiit jeho podavanim v kombinaci s azitromycinem (AZM). Hydroxychlorochin viak maze
spoustét arytmie v podobé prodlouzeni intervalu QT. Pfidani AZM k HCQ by rovnéz mohlo zvysit riziko prodlouzeni
intervalu QT. Protoze mechanismus Ucinku téchto latek stale neni presné znam, je naprosto nezbytné provést sys-
tematicky prehled vysledk(i dosavadniho vyzkumu. Cilem pfedlozené studie bylo porovnat incidenci prodlouzeni
intervalu QT u pacientd s onemocnénim COVID-19 lécenych podavanim HCQ a pacientli s kombinaci HCQ-AZM.
Uspofadanim se jednalo o komparativni studii dvou samostatnych skupin pacientd. Udaje byly shromazdovany
z Casopisu publikovanych online v obdobi od ledna do ¢ervence 2020, v nichZ se srovnavala incidence prodlouzeni
intervalu QT u pacientt s onemocnénim COVID-19 lécenych bud HCQ samotnym, nebo kombinaci HCQ-AZM; ¢lan-
ky byly nasledné zarazeny do systematického prehledu. Bylo nalezeno pét studii splfiujicich zadana kritéria; vysled-
ny vzorek zahrnoval 477 osob ve Francii a v USA. Udaje byly nasledné zpracovany formou deskriptivni a statistické
analyzy. Statistickd analyza se provadéla pomoci fixniho modelu s pouzitim poolovanych udaji. Analyza nenalezla
zadny statisticky vyznamny rozdil ve vyskytu prodlouzeni intervalu QT mezi skupinami pacientd s onemocnénim
COVID-19 Ié¢enymi podavanim bud pouze HCQ, nebo kombinaci HCQ-AZM (OR 1,294; 95% ClI 0,707-2,370).

© 2021, CKS.

ABSTRACT

Research related to the treatment of COVID-19 put hydroxychloroquine (HCQ)-based as a treatment option.
The effectiveness of HCQ can be increased if combined with azithromycin (AZM). However, HCQ can trigger
arrhythmias in the form of QT interval prolongation. Combining AZM to HCQ might also amplify the risk of QT
prolongation. Since the mechanism remains elusive, a systematic review study of existing research is absolutely
necessary. This study aimed to compare the incidence of QT interval prolongation in COVID-19 patients who re-
ceived HCQ therapy with those who received HCQ-AZM therapy. The design used is comparative study of two
independent groups. Data were collected from journals published online, from January to July 2020, regarding
the comparison of QT interval prolongation between COVID-19 patients treated with HCQ only and those
treated with HCQ-AZM combination, which had undergone a systematic review. Five studies that met the
criteria were obtained, which included a total sample of 477 people in France and the United States. The data
were then analysed descriptively and statistically. Statistical analysis was done using the fixed-effects model
from the pooling of the research. It was found that there is no significant difference statistically in the QT inter-
val prolongation between HCQ therapy group and HCQ-AZM therapy group (OR 1.294; 95% Cl 0.707-2.370).

Introduction

leading death causes are respiratory failure, cardiac failure
and sepsis." Several research to find the definite therapy has

SARS-CoV-2 as the new corona virus has spread throughout been done because of the high mortality rate, though the
the world causing a global pandemic of Coronavirus disease  effective definite therapy for COVID-19 has not yet been
2019 (COVID-19). This new virus was known to attack mul- found.? Several potential therapies are currently under in-
tiple organs in the body which was fatal in some cases. The vestigation, including the usage of hydroxychloroquine.
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Hydroxychloroquine is an antimalarial and immu-
nomodulatory agent, also a safer analogue of chloro-
quine.® It has demonstrated antiviral activity against
SARS-CoV-2 although the mechanism of action has yet
to be known. It is believed to disturb the life cycle of
the virus in the cell and disturb the glycolysis process of
ACE-2 receptor thus disrupting the docking process of
the virus.*® The drug increases intracellular pH resulting
in decreased phago-lysosome fusion, impairing viral re-
ceptor glycosylation. In addition, it has an immune-mod-
ulating effect by inhibiting toll-like receptor signalling,
decreasing production of cytokines especially IL-1 and
IL-6.3 Although several researches have been conducted
to investigate the usage of hydroxychloroquine in de-
creasing the mortality rate, there are still arguments in
its result.®

A study conducted in Turkey showed that combining
hydroxychloroquine with azithromycin could increase its
effectiveness and decrease patients’ length of stay in hos-
pital.® Azithromycin, a macrolide antibiotic, has in vitro
antiviral properties such as decreasing viral replication,
blocking entrance into host cells, and a potential immu-
nomodulating effect.” An in vitro study demonstrated
synergistic activity of the combination of hydroxychloro-
quine and azithromycin against SARS-CoV-2.8

Although hydroxychloroquine can be a treatment for
COVID-19 patients, it has shown to cause several danger-
ous side effects including cardiac toxicity which cause ar-
rhythmia, QT interval prolongation, torsade de pointes,
and can be fatal. Combining hydroxychloroquine and
azithromycin can also increase its cardiac toxicity.>'°

This review and meta-analysis aimed to investigate the
prolongation of QT interval in COVID-19 patients who
received hydroxychloroquine therapy compared with
COVID-19 patients who received hydroxychloroquine-
azithromycin combination therapy across recent studies.

Methods

The obtained data were processed with PRISMA (Prefe-
rred Reporting Items for Systematic Review and Meta
Analysis) method. The search was done between July
18th to 24th 2020 on two online databases: PubMed and
Google Scholar. On PubMed, using the PICO system, the
keywords were: “COVID-19" (Patient/Problem), “Hydro-
xychloroquine” (Intervention), “Hydroxychloroquine and
Azithromycin” (Comparison), and “QT interval” (Out-
come). While on Google Scholar the search term used was
“COVID-19 AND Hydroxychloroquine AND combination
Hydroxychloroquine and Azithromycin AND prolong QT
interval”. The search was limited to original free full text
articles and articles published from January to July 2020.

The search results were screened based on the title and
abstract by seven independent reviewers. Afterwards the
selected articles were checked for the full text availability
and duplications amongst the selected articles. The inclu-
sion criteria of the studies were RCT, prospective cohort,
or retrospective cohort studies performed among adult
patients with COVID-19 which compared patients who
received hydroxychloroquine and patients who received
hydroxychloroquine-azithromycin combination therapy.
The outcome investigated in this study was QT interval
prolongation. The quality of the study was assessed using
the Effective Public Health Practice Project quality assess-
ment tool (EPHPP) and were graded as strong, moderate,
and weak. The eligibility and quality of the studies were
assessed by four reviewers and the final check was done
by another two reviewers.

Extraction of data was conducted independently by two
authors using a standardized data collection form from Co-
chrane library. Extracted data included study characteristics
(author, year of publication, region, time of study, study de-
sign, sample size, inclusion criteria), population character-

Table 1 - Sample size and limitation of the studies used

QT interval prolongation
HCQ theraoy
7 of 22 patients (31.8%)

Author

Bessiere et al.,

2020
Saleh et al., 7 of 82 patients (8.6%) with QTc
2020 >500 ms and 5 patients (6.3%)

AQTc 60 ms

Ramireddy et al.,
2020

0 of 10 patients (0%) with QTc
>500 ms or AQTc 60 ms

Mercuro et al., 8 of 37 patients (21.6%)

11 of 119 patients (9.2%) with
QTc >500 ms and 21 patients
(17.9%) AQTc 60 ms

7 of 61 patients (11.5%) with QTc
>500 ms or AQTc 60 ms

13 of 53 patients (24.5%)
¢ 11 patients (20.8%) QTc

e 7 patients (13.2%) AQTc 60 ms

Limitation

HCQ+AZT therapy
7 of 18 patients (38.9%)

* There are no baseline clinical factor data
related to QT prolongation

e Chloroquine is included in the sample using
HCQ

e There are no patient data that show pa-
tients with QTc >500 ms and AQTc >60 ms
simultaneously

e There is no control group
¢ Inconsistency of ECG checking during therapy
¢ Low sample size

 Not all patients experienced repeated ECG
to be followed up

e Cannot rule out cardiomyopathy and myo-
carditis due to COVID-19

e 5 patients (9.4%) have both

2020 e 7 patients (18.9%) QTc >500 ms
¢ 3 patients (8.1%) AQTc 60 ms >500 ms
e 2 patients (5.4%) have both
Enzman et al., 0 of 9 patients (0%)
2020 QTc >500 ms
TOTAL 22 of 160 patients (13.8%)

15 of 66 patients (22.7%)

e Limited samples
¢ 10 patients of 66 HCT + AZM patients have
concomitant cardiovascular disease

53 of 317 patients (16.7%)
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Articles identified

through Google

Scholar database
searching (n = 1,180)

Articles identified
through PubMed
database searching
(n=23)

Identification on title and abstract

Screened articles based

Screened articles based
on title and abstract

Discarded articles
due to duplication
(n=13)

Excluded articles
(n=16)

(n=24) (n=10)
| |
Screening Full text search for eligibility (n = 21)
Eligibility Articles met eligibility criteria (n = 5)
include and quantiatie yntheds (1 5

Fig. 1 - Flowchart for study design using PRISMA

istics, intervention characteristics (size of each intervention
group, dosage, duration therapy, QT interval assessment)
and outcomes (QT interval prolongation, limitation of study).

Statistical analysis was performed using CMA V3 (Com-
prehensive Meta Analysis V3) software. Odds Ratio (OR)
was used for estimating the outcome with 95% confi-
dence Interval (Cl). The fixed effects model was used with
12 <50% which represents unimportant heterogeneity.

Results

Qualitative synthesis

The initial searches identified 1,203 articles and 1,182
were excluded after the title and abstracts screening pro-
cess. The 21 potential studies were assessed for its full text
eligibility and 16 were excluded. The excluded ones were
articles other than the original article (review, trial proto-
col, etc.), articles which were not relevant to the study ob-
jective, and studies assessing the QT interval prolongation
side effect of other COVID-19 potential therapy (Fig. 1). In
the final result, 5 articles were included with 477 patients

who met the inclusion criteria and could be further statis-
tically analyzed (Table 1).""-1

Based on the EPHPP quality assessment tool, it was un-
clear regarding the blinding of participants.''"> There were
also absent details regarding the combined therapy and the
outcome assessors in one of the studies.' The EPHPP quality
assessment tool showed 2 studies were strong in quality®®
and 3 studies were moderate in quality (Table 2)'3-5,

Four of the studies were cohort study'"'%'4'> and one
was repeated measure study.” Studies were heteroge-
neous in its design and sample size. Most of the studies
had a larger size of sample group which received com-
bined hydroxychloroquine and azithromycin. There was
some difference in dosage and duration of the therapy
used among the studies. One of the studies did not men-
tion the dosage and duration of the hydroxychloroquine
and azithromycin combination therapy.' The assessment
of QTc interval was carried out once every day before,
during, and after the interventional therapy. Only one
study did not mention the detailed QTc interval assess-
ment." Characteristics of the selected studies can be seen
in Table 3.

Table 2 - Quality assessment of the studies based on EPHPP quality assessment tool

Author A (Selection B (Study C (Confoun-
bias) design) ders)
Bessiere et al., 2020  Moderate Moderate Strong
Saleh et al., 2020 Strong Moderate Strong
Ramireddy et al., 2020 Moderate Moderate Weak
Mercuro et al.,, 2020  Moderate Moderate Weak
Enzmann et al., 2020 Moderate Moderate Weak

D (Blinding) E (Data collec- F(Withdrawal Global
tion method) and dropout) rating
Moderate Moderate Strong Strong
Moderate Strong Moderate Strong
Moderate Strong Strong Moderate
Moderate Moderate Strong Moderate
Moderate Strong Strong Moderate
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Fig. 2 - Forest plot of pooled odds ratios (ORs)

Model | Study name Statistics for each study Odds ratio and 95% CI
Oddsratio | Lower limit | Upper limit | Zvalue | pvalue | 001 | 010 | 100 | 1000 | 100.00
Bessiére et al., 2020 1.364 0.370 5.028 0.466 0.641 —_
Saleh et al., 2020 1.091 0.405 2.944 0.173 0.863 —_—
Ramireddy et al., 2020 | 2.890 0.153 54.552 0.708 0.479 t
Mercuro et al., 2020 1.122 0.390 3.231 0.214 0.830 —_—
Enzman et al., 2020 5.718 0.315 103.923 1.178 0.239
Fixed 1.284 0.707 2.370 0.835 0.404 o

Quantitative synthesis

We performed a meta-analysis on 5 studies (477 patients)
regarding the QT interval prolongation between CO-
VID-19 patients who received hydroxychloroquine and CO-
VID-19 patients who received combined hydroxychloroqui-
ne-azithromycin therapy. The meta-analysis showed that
there is no statistically significant difference in QT interval
prolongation between group of patients which received
hydroxychloroquine and group of patients which received
combined hydroxychloroquine-azithromycin therapy (OR
1.294; 95% Cl 0.707-2.370; p-value 0.404) (Table 4, Fig. 2).

Discussion

By the end of 2020, hydroxychloroquine and chloroquine
used for COVID-19 treatment, have been prohibited by
The United States Food and Drug Administration (FDA)
and World Health Organization (WHO) because of its ine-
ffectiveness and inability to reduce mortality.'®'” Despite
that fact, several studies stated that there are benefits of
using hydroxychloroquine and chloroquine in COVID-19
treatment.’”® The American Thoracic Society recommends
the use of hydroxychloroquine and chloroquine in hospi-
talized patients with evidence of pneumonia on a case-
-by-case basis.’ Meanwhile, the Indian Medical Research
Council is one of the first medical councils worldwide to
issue recommendations for hydroxychloroquine prophy-
laxis among healthcare providers and close contacts invol-
ved in COVID-19 treatment or suspected patients, asym-
ptomatic healthcare workers stationed in non-COVID-19
areas and hospitals, asymptomatic front-line personnel
such as those involved in surveillance, police, and para-
military services.?® This shows that there are still potential
benefits in using hydroxychloroquine for COVID-19 tre-
atment. For groups which still use hydroxychloroquine

as treatment modalities for COVID-19, its adverse effect
shall not be left out, including prolonged QTc.

In this study, three studies stated that there is a rela-
tionship between hydroxychloroquine treatment with
prolonged QTc although not statistically significant.’214
One study only showed clinical results without statistical
analysis.’”? Other studies found no relationship between
hydroxychloroquine treatment and prolonged QTc.'>'
Different results in the studies could be caused by sev-
eral factors such as small number of study samples, pa-
tient’s clinical condition, and also existing cardiac disease
like cardiomyopathy and myopathy that was hard to be
excluded. The use of vasoactive drugs and Simplified
Acute Physiology Score (SAPS) Il can also significantly in-
fluence the presence of a prolonged QT."" Absence of pro-
longed QTc interval in several studies could cause bias in
determining the adverse event which might result in dou-
ble counted or uncounted data.'? Additional drugs used
in the treatment like loop diuretic could also prolong QTc
interval. Incomplete data regarding patient’s symptoms
before admitted to the hospital could also create bias in
the reviewed studies.

Two of the reviewed studies showed no prolonged QTc
interval with hydroxychloroquine therapy. This could be
caused by the small number of samples which received
hydroxychloroquine therapy in both studies compared to
the samples which received hydroxychloroquine-azithro-
mycin combination therapy. Because of that, it couldn’t
be proved that there were no correlations between hy-
droxychloroquine therapy and prolonged QTc interval.'

In the five studies reviewed by the author, there were
almost uniform results in which populations with hy-
droxychloroquine-azithromycin combination therapy had
a QTc interval prolongation >500 ms. As one of COVID-19
choices of antiviral treatment, the combination regimen
of hydroxychloroquine and azithromycin has been con-

Table 4 - Odds ratio of QT interval prolongation comparison between patients with HCQ-AZM combination therapy and HCQ therapy
Combination hydroxychloroquine-

ruthor -azithromycin therapy Hydroxychloroquine therapy od _ds ,I;Z?js el e
Interval Interval Interval Interval ratio Eife
QTc >500 ms QTc <500 ms QTc >500 ms QTc <500 ms
Bessiere et al., 2020 7 (38%) 11 (61%) 7 (31.8%) 15 (68.2%) 1.364 0.310 0.666
Saleh et al., 2020 11 (9.2%) 108 (90.7%) 7 (8.5%) 75 (91.5%) 1.091 0.087 0.506
Ramireddy et al., 2020 7 (11.5%) 54 (88.5%) 0 (0%) 10 (100%) 2.890 1.061 1.499
Mercuro et al., 2020 11 (20.8%) 42 (79.2%) 7 (18.9%) 30 (81.1%) 1.122  0.116 0.539
Enzmann et al., 2020 15 (22.7%) 51 (77.3%) 0 (0%) 9 (100%) 5.718 1.744 1.480
Total 51 (16.1%) 266 (83.9%) 21 (13.1%) 139 (86.9%)




480

HCQ vs. HCQ-AZM therapy on QT interval prolongation of COVID-19 patients

siderably investigated regarding its effectiveness and
safety."-"52122 Unfortunately, there is still a debatable dis-
cussion following that topic since there is not yet any re-
search regarding this treatment with randomized blinded
controlled clinical trials design.?

Theoretically, combining azithromycin with hydroxy-
chloroquine might worsen QT prolongation incidence,
compared to single therapy of hydroxychloroquine. How-
ever, this study proves that there is no significant differ-
ence among both regimens. This may be caused by the
study that provides as data a different number of samples,
in which there is an unproportioned number between each
group, as well as inconsistent total sample between each
study.' Jankeson et al.?* suggested that it was hydroxychlo-
roquine which has an important role in causing prolonged
QTc interval. Nevertheless, the fact that limited study re-
garding the difference between hydroxychloroquine and
combination of hydroxychloroquine-azithromycin to their
effect of QT prolongation should also be anticipated.

This study has several limitations. The fact that there
is no data in the reviewed studies about the duration of
patient’s symptoms before admission to the hospital can
cause bias regarding the history and duration of COVID-19
infection. Another thing is that several reviewed studies
only gave clinical results without statistically analysing
them because of the small number of the study sample
and the non-randomized study sample. The reviewed
studies had different dosage and duration of the therapy
given between each study. There is one study that didn"t
mention the dosage and the duration of therapy given.

Conclusion

In this study, involving 477 patients in the five publicati-
ons studied, it can be concluded that there was no signifi-
cant difference of the QTc prolonged interval in COVID-19
patients who received hydroxychloroquine therapy with
those who received hydroxychloroquine-azithromycin
combination therapy. However, there are some differen-
ces in treatment from each journal studied, namely the
dose used, duration of therapy, inconsistencies in ECG
measurements during therapy, and other risk factors that
can also cause prolongation of the QTc interval.
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Elektronicka média piebiraji dominantni roli ve vzdélavani, jedné z klicovych odpovédnosti zdravotnickych
profesionalu. | profesni vzdélavani dnes vyuziva webové stranky, blogy, videoblogy a mobilni aplikace. Vir-
tudlni zobrazovani je dalsi, nové dostupnou technologii. Pfinasi prozitky podobné realité, coz maze byt pfi-
nosem k zachyceni, zpracovani, zapamatovani a naslednému pouziti informaci uzivatelem. Navzdory relativ-
né kratké uzivatelské dostupnosti virtudlniho zobrazovéni je nyni k vyuziti celd fada hardwarovych moznosti
a soubézné i obsahu, ktery je primarné cilem k vzdélavani zdravotnickych profesionald.
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ABSTRACT

Electronic media are picking over a dominant role in education, one of the key responsibiliies of healthcare

professionals. At present, even professional education uses websites, blogs, video blogs, and mobile applica-
Keywords: tions. Virtual imaging is another newly available technology. It offers reality-like experiences, which can be
Education useful for picking up, processing, memorizing, and subsequent utilizing of information by the user. Despite

Electronic media
Virtual reality

relatively short availability of virtual imaging, some hardware options can be now employed together with
content primarily aimed at educating healthcare professionals.

Uvod Tabulka 1 - ,VR" simulatory prace v katetrizacni laboratofi

. . Produkt Vyrobce Link
Nardstajici tempo moderni doby prinasi obrovské mnoz- CATHIS Cathi GmbH hid
stvi informaci. Ve svété nejenom védy je nutné udrzet SHICI RRGSaTIECE
.Pprst na pulsu” proudu dat. Zazivame pfechod od kniz- VIST Mentice www.mentice.com
nich a casopiseckych zdroju k elektronickym. Zazili jsme CathLabVR CAE WWW.Cae.com
prthod .(.)d "J,ak sev(#ostanu k,?, zdroji informaci* k . jak se ANGIO Mentor Simbionix www.symbionics.com
zorientuji v zaplavé informaci”.

SimSuite MSC www.medsimulation.com

Moznost simulovat redlné prostfedi k nacviku je
v kardiologii znama a fada technologickych firem ji pfi-

nasi ve snaze zlepsit trzni uplatnéni svého produktu.
Jedna se viak o financné narocna ¢i trzné nedostupna
jednordzové/jednoucelova zarizeni. Napriklad k simula-

ci a tréninku prace v koronarni katetriza¢ni laboratofi
je aktualné dostupnad cela rada firemnich produktu (ta-
bulka 1).
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Rozvoj technologii nové prindsi metody zobrazeni dat

v prostoru stereoskopickym zpUsobem, které pfispivaji

k prostorovému vnimani zobrazenych informaci.

Mezi nova elektronickd média se nové zaradila:

1. Augmentovana realita — augmented reality (AR)," v Ces-
tiné uzivana jako ,rozsifend realita”, je pojem pouzi-
vany pro obraz redlného svéta, do kterého je promitan
virtudlni, pocitacem vytvoreny objekt.

2. Virtualni realita — virtual reality (VR)? je v prostoru po- p , S—
¢itacové simulovaného prostiedi, ve kterém se uziva- | Remote clinician
tel mdGze svobodné pohybovat a pfipadné interagovat ’ draws on screen
s virtudlnim prostfedim. Pro vstoupeni do virtudlIni rea- : to quide
lity slouzi ,virtualni bryle”, nazyvané taky ,VR bryle”.
VR bryle mohou byt propojeny s VR ovladaci, které si-
muluji ruce ve virtualnim prostredi. Nékteré virtualni
bryle dokazou snimat samotné ruce uzivatele a jsou
vnimany jako VR ovladace. Je nutno podotknout, ze
tato technologie je pomérné nova a snimani rukou
neni vétsinou zcela presné. Pouziti VR je viestranné, od
rekrea¢niho k profesiondlnimu pouziti. Virtualni rea-
lita je nejvice rozvinutd &ast virtualniho prdmyslu, mé
nejvice obsahu, podpory a rozvoje.

3. SmiSena realita — mixed reality (MR)> — je spojeni AR
a VR, kdy jsou do realného svéta promitany pocitatem
vytvorené objekty, se kterymi uzivatel mize interago-
vat. Pro zobrazeni MR slouzi ,MR bryle”. Interakce
probihda pomoci ovlada¢ti nebo rukou. Snimace rukou 2 'l i
jsou v MR vétsinou pfesnéjsi nez ve VR. Mixed reality je  Qbr. 2 - MR bryle Hololens 2 firmy Microsoft ve vyvoji periopera¢-
spiSe mifend pro profesionalni pouziti. MR bryle, také niho zobrazovani ve spolupraci s firmou Philips
jako obsah pro mixed reality, jsou vyrazné drazsi nez
pro VR.

Obr. 1 - AR bryle Vuzix uzity pfi online mentoringu pfi nacviku in-
tubace

VR/AR/MR dostupné technologie

V segmentu AR jsou redlné dostupnym modelem s pre-
sahem do mediciny bryle Vuzix (https://www.vuzix.com/
solutions/telemedicine). Jejich vyuZiti je spiSe vedeno
k online mentoringu ¢i telemediciné nez k edukaci. Dle
modelu cena za hardware kolisa mezi 1 000 a 2 700 USD
(obr. 1).

VR a MR technologie jsou nejlépe vyuzitelné k eduka-  opy. 3 - VR bryle Occulus Quest 2 firmy Facebook Technologies,
ci. V dostupnosti viéak MR zaostava. Dlivodem je vysokd  LLC a prezentace programu Wraith VR Surgical Simulator k nacviku
cena MR bryli. MR bryle od firmy Microsoft Hololens 2 endoprotézy kolene

Tabulka 2 - Prehled dostupnych VR bryli

Dostupné VR bryle Cena v USD Systémové naroky

Oculus Quest 2 Model 64 Gb - $299 / model 256 Gb - $399 MUze byt pouzit i bez potitace a pfipojit k pocitaci se mize i event.
bezdratové.

Oculus Rift S $299 K pouziti nutny pocitac. Ma nejmensi systémové pozadavky.

Hp Reverb G1/G2 Generace 1 - $550/ generace 2 - $600 K pouziti nutny pocitac. M4 nejlepsi rozliseni z vyjmenovanych VR
bryli. Ma nejvyssi systémové pozadavky.

Valve Index $999 K pouziti nutny pocitac. Pro lokalizaci ovladacli vyzaduje snimaci
stanice. Nejlepsi sniméni a nejvyssi obnovovaci frekvence.

HTC Vive Cosmos $699 K pouziti nutny pocitac. Mala adopce mezi producenty softwaru.

HTC Vive Pro $899 K pouziti nutny pocitac. Hrozi konec sériové produkce a podpory.

Nejhorsi pomér cena/vykon.

Pimax Artisan $978 K pouziti nutny pocitac. Pro lokalizaci ovladacli vyzaduje snimaci
stanice. Nejvétsi zorné pole z dostupnych modelt.
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(https://www.microsoft.com/cs-cz/hololens/hardware)
stoji cca 3 500 USD. Je oviem pravda, Ze MR bryle jsou
urcené pro profesiondlni pouziti v komerénim sektoru
(obr. 2).

V soucasné dobé jsou na nasem trhu redlné fyzicky
a cenové dostupné modely pouze VR bryli. Tato trzni do-
stupnost spolu s nizkou cenou je soubézné také zaklad-
nim faktorem masivniho rozsifeni technologie a prudké-
ho rozvoje aplikaci pro tuto technologii vyvijenych. Jejich
prehled véetné klicovych parametru je shrnut v tabulce 2.
Mezi top 2 produkty v kontextu poméru cena/vykon je
mozno fadit Oculus Quest 2 firmy Facebook Technologies
LLC (obr. 3) a Reverb G2 firmy Hewlett-Packard.

Technologické pozadavky na zobrazeni VR

Virtualni zobrazovani jakozto pomérné nova technologie
vyzaduje vétsi vypocetni vykon. AR a MR vétsinou nepo-
tfebuji externi pocitac¢ k provozu, maji vlastni vypocetni
hardware. Na druhou stranu VR pouziva vypocetni vykon
externiho pocitace k provozu. Vyplyva to z mnozstvi dat,
kterd museji byt k zobrazeni ve vysokém rozliseni a rych-
Ié obnovovaci frekvenci zpracovéana. Cena nejnizsich do-
porucenych systémovych pozadavk( stolniho pocitace
zac¢ind od 15 000 K¢&. Pro bezproblémovy hladky provoz
se vsak cena pohybuje od 25 000 K¢ vyse, v pripadé této
sestavy v notebooku ceny budou zacinat od 30 000 K¢.
Diky rychlému vyvoji pocita¢ové techniky bude cena po-
¢itacovych sestav schopnych provozovat VR klesat. Vyjim-
kou jsou VR bryle Oculus Quest 2 firmy Facebook. Ty maji
totiz moZnost provozovat nékteré aplikace bez externiho
pocitace.

Minimalni systémové pozadavky jsou rozdilné dle jed-
notlivych technologii VR bryli, zjednodusené je predsta-
vena v tabulce 3, kde jsou prezentovany typové sestavy
pfi minimalni a optimalni Urovni, prezentovana je i uro-
ven s vyhledem stability do blizké budoucnosti.

Technologicky odliSnou cestou je VR pomoci mobilniho
telefonu a cardboard zobrazovace. Jedna se o kvalitativ-
né slabé provedeni, aviak vSeobecné rozsifeni mobilniho
telefonu z této technologie déla potencidlné dostupnou.
Existuje napt. aplikace Lifesaver VR app, kterd pomoci hry
v VR uci zakladim kardiopulmonalni resuscitace (KPR).
The Lowlands Saves Lives study porovnala masovou vy-
uku KPR klasicky a pomoci Lifesaver VR app. Definitivni
vysledky prozatim nebyly publikovany, ale usporadani
a protokol studie je inovativni.* Naznacuje jednu z cest,
kam se mlze edukace ubirat. Jeji vyhodou je relativni ma-
sivni dostupnost technologie, byt za cenu kvalitativniho
kompromisu.

Prehled realné dostupnych aplikaci pro VR
edukaci ve zdravotnictvi

K datu 1. 1. 2021 byl proveden dotaz databazi: MEDLINE/
PubMed, Google Scholar a internetu pomoci portalu Goo-
gle.com na kli¢cové pojmy: virtual reality & cardiology &
education. PubMed prezentuje 51 praci v ¢asovém ram-
ci od roku 1998. Od roku 2014 je mozné pozorovat ra-
zantni narust cetnosti praci, rok 2020 pak byl publika¢né
nejurodnéjsi s 11 pracemi. Google Scholar odkazuje bez
casového ohranic¢eni na 12 500 publikaci, v rozmezi let
2014-2020 pak na 7 510 (obr. 4).

12

10

1995 2000 2005 2010 2015 2020 2025

Obr. 4 - Pocet védeckych publikaci o VR v edukaci v kardiologii
v letech 1998- 2020

Publikované prace a prezentované nastroje byly uzi-
vatelsky testovany. Mezi nejzdafrilejsi a nejpfinosnéjsi po
strance informacni i grafické se rfadi nasledujici ¢tyfi.

1. Medical Holodeck (https://www.medicalholodeck.com/)

Zcela jednoznacné nejlepsi aktualné dostupna aplika-
ce pro vzdélavani. Jedna se o platformu, kterd aktudlné
nabizi tfi aplikace: Anatomy Master XR, Dissection Master
XR a Medical Imaging XR.

Anatomy Master je anatomicky vzdéldvaci program,
ktery na grafickém modelu ¢lovéka ve VR pfinasi moznost
pochopeni prostorovych souvislosti. Nejlepsi dostupné
ovladani, podrobny popis anatomie. Nevyhodou je pouze
anglické nazvoslovi a cena.

Dissection Master XR je opét anatomicky vzdélavaci
program. Je zaloZen na 3D scanu redlného anatomického
preparatu hlavy a hrudé ¢lovéka. Je dostupnych 7 hlou-
bek anatomickych vrstev. Preparat je ve VR volné oto¢ny
ve vsech predstavitelnych osach volnosti. Popisky jednot-
livych anatomickych struktur jsou v angli¢tiné.

Medical Imaging XR je program, ktery pfindsi moz-
nost prohlizeni DICOM soubord ve VR. Jednd se spise

Tabulka 3 - Konfigurace pocitace k zobrazeni VR obsahu

Minimalni pocitacova sestava
Procesor Intel Core i3-10100

Nvidia GTX 1060 6 Gb/AMD RX 580
Operacni pamét 8 Gb

Graficka karta

Optimalni pocitacova sestava

Intel Core i5-8600/AMD Ryzen 5 3600

Pocitacova sestava pripravena
na budouci obsah pro VR

Intel Core i9-10850K/AMD Ryzen 9

5900X
Nvidia RTX 2070 SUPER/AMD RX 5700 XT  Nvidia RTX 3070/AMD RX6800-XT
16 Gb 32Gb +
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o program vhodny k realnému provozu pracovisté zob-
razovacich metod a hlavné k predoperac¢nimu planova-
ni anatomicky sloZitéjSich operaci. Jeho realné vyuziti
v predoperacnim planovani v kardiochirurgii bylo s Uspé-
chem testovano v klinické studii.®

Cenova politika neni aktudlné verejna, je mozné ji
ziskat véetné meési¢niho zkusebniho pfistupu na info@
medicalholodeck.com. Ve tretim ctvrtleti 2020 byla jesté
verejné dostupnad instituciondIni cena (prfedplatné) za cca
1 000 eur/rok.

2. Anatomy Viewer VR (https://store.steampowered.
com/app/925830/VR_Anatomy/)

Anatomicky vzdéldvaci program. ZaloZzeny na 3D gra-
fickém modelu téla, ktery je mozné ve VR prohlizet podle
organovych soustav nebo dle anatomickych vrstev. Ovla-
dani je jednoduché a intuitivni. Nevyhody: anatomické
oznaceni pouze v angli¢tiné a anatomické nazvoslovi se
ohranicuje na vétsi struktury (cely sval, nikoli jeho hlavy) +
rychlé pochopeni. Zdarma na platformé Steam VR.

3. Medical Imaging VR (https://store.steampowered.
com/app/1471980/MedicallmagingVR/)

Zakladni anatomicky vzdélavaci program, ktery je zalo-
Zen na moznosti prohlizeni DICOM CT scanu hlavy a hrud-
niku, aviak bez blizSiho vysvétleni, popisk. Program je
v rané fazi vyvoje.

4. 3D Organon VR Anatomy (https://www.3dorganon.com/)

Vyborny anatomicky vzdélavaci program. MozZnost stu-
dovat anatomické souvislosti v prostoru ve VR na grafic-
kém modelu. Anatomie je zde rozdélena dle organovych
soustav. Ke kazdé anatomické strukture je na volitelné
tabuli blizsi popisek o anatomii, souvislostech a funkci.
PIna verze v cené 75-150 USD roc¢ni licence (dle platfor-
my), v zdkladni dostupné pouze kosti a svaly.

K vizualizaci autofi vytvofili kanal na Youtube VR Me-
dical apps, kde je prezentovan nahled jednotlivych apli-
kaci pfi jejich pouziti. https://1url.cz/Kz9T4 QR kéd v ob-
razku 5.

Obr. 5 - QR kéd pro pfistup k YouTube
kanalu VR Medical apps.

Mezi prezentované koncepty bez redlné uzivatelské
dostupnosti, avsak s publikovanymi prvotnimi daty patfi:
1. The Stanford Virtual Heart (https://www.stanfordchil-

drens.org/en/innovation/virtual-reality/stanford-virtu-

al-heart). Jedna se o projekt The Stanford University

v Kalifornii, USA. Je primarné zaméren na détskou

kardiologii a vrozené vyvojové vady. K zarazeni mezi

primarni testovaci uzivatele je mozno z4dat pfistup na
mailu: daxelrod@stanford.edu.

2. HoloAnatomy (https:/case.edu/hololens/). Jedna se
o koncept vyuky anatomie Case Western Reserve Uni-
versity, Cleveland, USA. Dostupna jsou promo videa
s prezentaci prednosti vyuky v rozsifené realité pomoci
bryli Hololens 2 firmy Microsoft.

Dalsi moznosti VR v kardiologii

Kromé vyuziti VR pro edukaci se samoziejmeé vyviji i nasa-
zeni v predoperacni pripravé,® v periproceduralnim zob-
razeni’® ¢i periprocedurdlni podpore operatéra a zfejmé
v pooperacni rehabilitaci pacienta.®

VR se také v pilotnich projektech zacind vyuzivat pro
edukaci pacientd. Ve studii OCULUS™ byla VR vyuZita
s uspéchem k edukaci pacientl o riziku embolickych kom-
plikaci u fibrilace sini a nutnosti peclivé antikoagula¢ni
|é¢by. Pacienti edukovani v VR vykazovali vys$si miru poro-
zuméni a compliance.

VR byla také vyuzZita k edukaci pacientt pred katet-
riza¢ni ablaci pro fibrilaci sini v multicentrické studii na
Tchaj-wanu." Je prezentovano zvyseni efektivity edukac-
niho procesu pfi pouziti VR.

V nizozemské praci byla MR realita vyuzita k edukaci
pacientt po probéhlém infarktu myokardu.'? Jako hlavni
pfinos je zmiriovano zeefektivnéni prenosu informaci od
zdravotnikl( k pacientovi, a to zvla$té o farmakologické
lécbé.

Zaveér

Rozvoj technologie virtualni reality, postupny pokles ceny
a oCekavané masové rozsireni ¢ini z této technologie silny
nastroj pro vzdélavani zdravotnickych profesionall. Tato
technologie je vhodna i pro dalsi nasazeni v medicing,
napf. pro predoperacni pldnovani, perioperacni zobrazo-
vani ¢i edukaci pacientl. V soucasné dobé se zacinaji ob-
jevovat prvni redlné pouzitelné technologie. K dosazeni
klicového cile, kterym jisté bude masivni Skalovatelnost
vyuky, je nutné vyckat ¢i pracovat na dostupnosti vyuzi-
telného obsahu. Budeme také svédky rozvoje podoboru
elektronickych, virtudlné realitné zmérenych, knihovnic-
kych sluzeb.
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Vysokd uroven prevalence, morbidity a mortality populace na kardiovaskularni onemocnéni (KVO) pod-
nécuje vyzkumné pracovniky k dalsimu vyzkumu s cilem najit nové biomarkery a zlepsit metody detekce
starych biomarker(i za Ucelem optimalizace v¢asné diagnostiky KVO. Relativné neddvno byly do klinické
praxe zavedeny nové vysoce a ultrasenzitivni metody detekce srde¢nich troponind, jejichz kli¢covou vyhodou
je schopnost véasného optimalniho rozhodovani o volbé dalsi taktiky pro l1é¢bu pacientd pfijatych na poho-
tovost s bolesti na hrudi. V soucasné dobé bylo vyvinuto zna¢né mnozstvi vysoce citlivych metod pro detek-
ci srdecnich troponin(, které se vyznamné lisi svymi kvalitativnimi charakteristikami. Tento ¢lanek shrnuje
aktualni informace o biologické a diagnostické hodnoté srde¢nich troponind, analytické vlastnosti vysoce
citlivych metod detekce srdecnich troponint.

© 2021, CKS.

ABSTRACT

The high levels of prevalence, morbidity, and mortality from cardiovascular diseases (CVDs) encourage re-
searchers to conduct further research to find new biomarkers and improve methods of determining old
biomarkers to optimize early diagnosis of CVDs. Relatively recently, new highly and ultrasensitive methods
of cardiac troponin determination have been introduced into clinical practice, where the key advantage is
the possibility of making an early optimal decision on the choice of further management tactics for patients
admitted to the emergency department with chest pain. Currently, a considerable number of highly sensi-
tive methods for determining cardiac troponins have been developed, which significantly differ in their
qualitative characteristics. This article summarizes current information on the biology and diagnostic value
of cardiac troponins and the analytical characteristics of highly sensitive determination methods.

Uvod

Komplex troponind lidské pficné pruhované svaloviny
srdce se skladd ze tfi troponinovych proteind (cTnl,
cTnT a ¢TnC), které normalné reguluji procesy optimalni

kontrakce a relaxace myokardu.' Struktura (slozeni ami-
nokyselin) proteinl troponinu v myokardu urcuje fungo-
vani celého myokardu. Bylo nalezeno velké mnozstvi men-
Sich mutaci (podle typu substituce nebo delece jednoho
nebo nékolika nukleotidd), které nicméné zpUsobuji vy-
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znamnou dysfunkci myokardu a jsou odpovédné za roz-
voj kardiomyopatii.2 Aminokyselinové slozeni dvou ze tf{
proteint myokardu troponinu (cTnl, cTnT) se lisi od struk-
tury troponint v kosterni pfi¢né pruhované svaloving,
zatimco aminokyselinové sloZzeni podjednotky vazajici
vapnik (troponin C) je podobné jako v kosternich svalech.
Kardiospecifické troponiny (cTnl, cTnT) jsou lokalizovany
hlavné v myokardu, ale soucasné existuji dlikazy o expresi
troponinu v pfi¢né pruhované svalové tkani, stejné jako
ve sténé dutych a plicnich zil."3*7 Z tohoto davodu je sta-
le nelze povazZovat za absolutni kardiospecifické biomar-
kery.

Obsah cTnl v lidském myokardu ¢ini 46 mg na 1 g
hmotnosti vlhké tkané a obsah ¢TnT je pfiblizné dvakrat
vétsi, ato 10-11 mg na 1 g hmotnosti vihké tkané. Vétsina
troponint (asi 95 %) se nachazi ve slozeni komplexu tro-
ponin-tropomyosin (kontraktilni aparat) a reguluje kon-
traktilni funkci, zatimco asi 5 % troponinovych protein(
je volné umisténo v cytosolu kardiomyocytd a neucastni
se kontraktilni funkce myokardu.®°

K dnesnimu dni srdec¢ni troponiny (cTnl a cTnT) nada-
le zUstdvaji nejzadanéjSimi biomarkery pro diagnostiku
akutniho infarktu myokardu (AIM), maji vSak fadu nevy-
hod: relativné dlouha doba na zjisténi skutecnosti zaniku
kardiomyocytl, nedostatecnd specificita pro ischemickou
nekrézu kardiomyocytd. Proto Ize c¢Tnl a ¢cTnT povazovat
za specifické biomarkery poskozeni bunék myokardu, ale
nelze je povazovat za specifické biomarkery AIM a pfi
stanoveni této diagnézy se spoléhat pouze na vysledky
laboratornich studii. Zvyseni hodnoty troponinl v cas-
nych stadiich patologickych procest (AIM, myokarditida
atd.) také neumoznuje rozlisovat nevratné poskozeni od
reverzibilniho, protoze koncentrace troponinl v ranych
stadiich je nizkd a mulze souviset s jejich cytosolickou
frakci. Kardiomyocyty mohou byt poskozeny v mnoha
fyziologickych (fyzickd aktivita, psychoemocni stres) a pa-
tologickych stavech (myokarditida, sepse, selhani ledvin,
chemoterapie nadorovych onemocnéni atd.), které ne-
jsou spojeny s AIM, coz na jedné strané poskytuje dalsi
diagnostické prilezitosti, na druhé strané mohou tyto
stavy komplikovat diferencidlni diagnostiku AIM."-'* Me-
chanismy poskozeni kardiomyocytl a nésledné zvyseni
koncentrace troponinu za téchto stavd nebyly s kone¢nou
platnosti stanoveny, dynamika (kinetika) koncentrace je
obvykle nespecifickd a mize byt podobna kinetice pfi
AIM. Je velmi pravdépodobné, ze mechanismy poskozeni
jsou mnozstevni a maji slozitou povahu. Napfiklad u sep-
se byl zaznamenan jak primy skodlivy ucinek zanétlivych
cytokinl, tak zvyseni poptavky kysliku v myokardu, coz
je néjakym zpusobem podobné mechanismdm vyvoje
infarktu myokardu 2. typu. Pfi selhdni ledvin je odpo-
védnym mechanismem rlstu troponinl v séru podle né-
kterych udaji pokles rychlosti glomerularni filtrace, '
a podle jinych — pfimy skodlivy ucinek akumulovanych
toxickych metabolickych produktt a aktivace exprese
srdecnich troponind v kosternich svalech.*'” Za fyziolo-
gickych podminek, napfiklad pfi dlouhodobé ndmaze,
psychoemocnim stresu nebo prechodnych epizodach is-
chemie, je poskozeni kardiomyocytl obvykle reverzibilni
a hodnota troponinl v séru se zvysuje v disledku uvolro-
vani troponind, které se v kardiomyocytu volné nachazeji.
Soucasné pfi velmi tézkém a dlouhodobém zatiZeni, na-

priklad pri béhu na maratonskou vzdalenost, se hodnota
troponinG zvysuje desetindsobné, coz muze naznacovat
nevratné poskozeni (destrukce a uvolfiovani troponind
z kontraktilniho aparatu) a zanik kardiomyocytu.

Vyvoj a implementace vysoce citlivych metod identi-
fikace troponinl (hs-cTnl a hs-cTnT) vyznamné rozsitily
diagnostické moznosti a vyhlidky na pouziti téchto bio-
markeru."'? Zpravidla se za nepfiznivy prognosticky znak
povazuje prebytek koncentraci hs-cTnl a hs-cTnT > 99.
percentil — koncentrace troponint, ktera je detekovdna
u 99 % skutecné zdravych jedinct, a zvySeny vysledek je
povolen pouze u 1 % skutecné zdravych vysetifovanych
osob. Pomoci vysoce citlivych metod bylo zjisténo, Ze
koncentrace troponinG zdvisi na biologickych charakte-
ristikach: pohlavi, véku a cirkadidnnich rytmech.’®'® Hod-
nota kardiospecifickych troponini u muzu je tedy vyssi
nez u Zen, coz je doporuceno pro stanoveni hodnot 99.
percentilu pouzivanych v modernich diagnostickych algo-
ritmech pro diagnostiku AIM.? Vy3si hodnota srdecnich
troponind u muzd je vysvétlena skutecnosti, Ze hmotnost
levé komory je u nich vétsi nez u zen.?"?? U starsich pa-
cientl jsou koncentrace troponinu vy$si nez u mladych.
Pfedpoklada se, Ze to muUze byt zpUsobeno pritomnosti
komorbidity, kterd mGze negativné ovlivnit kardiomyo-
cyty. 2% Kromé toho je koncentrace troponinu T rano
o néco vyssi nez vecer jak u zdravych pacient(,'®'?* tak
u pacientud s renalni nedostatecnosti.?® Pfesné mechanismy
tvorby cirkadiannich rysG koncentrace srdecnich
troponinl nebyly stanoveny, Ize vSak predpokladat, Ze je
to zpUsobeno cirkadidnnimi rysy jinych lidskych systémd,
které do urcité miry ovliviuji kardiovaskuldrni systém,
zejména aktivaci sympatoadrenalinového a reninangio-
tenzinaldosteronového systému, zvySeni srdecni frek-
vence a krevniho tlaku, a také aktivaci hemostatického
systému. Tyto rysy se vyvinuly evolu¢né a jsou nezbytné
pro zdravého ¢lovéka béhem bdéni, mohou vsak mit dalsi
nepfriznivy Ucinek v pritomnosti dalsich rizikovych faktort
(napfiklad aterosklerézy) a chronickych kardiovaskuldr-
nich onemocnéni (angina pectoris, tranzitorni ischemic-
kd ataka).?” Stafi a cirkadidnni rysy koncentrace srdecnich
troponintd nebyly dostatecné studovany a dostupné udaje
o této problematice jsou protichidné, a proto dosud ne-
nalezly uplatnéni v rutinni praxi.

Hlavni biologickou tekutinou pro detekci hodnoty tro-
poninl je krev. S pfichodem vysoce citlivych metod viak
bylo mozné stanovit troponiny v jinych biologickych teku-
tinach, které lze ziskat neinvazivné, coz je dalsi dulezitd
a slibnd vyhoda. Ziskani tohoto biomaterialu od pacientu
je atraumatické a bezbolestné, snizuje riziko vzniku in-
fekci (HIV, virova hepatitida atd.). NevyZzaduje vyskoleny
lékarsky personal a biomateridl si mize pacient odebrat
sam doma. Napfriklad koncentrace troponind v moci
jsou pomérné nizké a nejsou zachyceny stfedné citlivymi
testovacimi systémy, zatimco pfi pouziti vysoce citlivé
metody vyzkumu byl hs-TnT detekovan v ranni moci viech
subjektd a v moci pacientl s hypertenzi byly hodnoty hs-
-TnT vyznamné vyssi nez u pacientd s normalnim krevnim
tlakem. Sliny jsou dalSim slibnym neinvazivnim biomate-
ridlem pro diagnostiku mnoha endokrinnich, onkologic-
kych a kardiovaskuldrnich onemocnéni, véetné AlM.?:3°
V nasi mnocentrické pilotni studii tedy bylo prokazano,
Ze koncentrace hs-cTnl ve slindch u pacientl s AIM je vy-
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znamné vyssi nez v kontrolni skupiné pacient a hodnoty
hs-cTnl v krevnim séru a slinach jsou mirné korelované.®
Planuji se dalsi studie na vétSich skupinach pacientd za
ucelem stanoveni referenc¢nich hodnot a standardizace
preanalytické faze ke zvyseni klinické a diagnostické hod-
noty hs-cTnl ve slinach.

Metody identifikace srdecnich troponint:
kratka historie vyvoje troponinovych
imunotestu

Identifikace troponinl v krvi se provadi fadou rdznych
imunochemickych metod (radioimunoanalyza, enzymovy
imunotest, imunofluorescence a imunochemiluminiscen-
¢ni analyzy), jejichz hlavni princip zahrnuje nékolik po
sobé jdoucich fazi: imunologické, chemické, detekdni.
V prvni (imunologické) fazi dochazi ke specifické inter-
akci komercnich diagnostickych protilatek s antigenem,
kterym je v tomto pfipadé troponin. Ve druhé a treti fazi
dochazi bud k dalsi imunologické reakci protilatek a tvor-
bé komplexu sendvicového typu, nebo k chemické (en-
zymatické) reakci a registraci prijatého signalu. Metody
detekce signalu se také lisi v zavislosti na pouzitém stitku
protilatky: v pfipadé enzymového imunotestu se inten-
zita barvy hodnoti pomoci fotometru/spektrofotometru;
v pfipadé radioimunoanalyzy, kde se jako Stitek pouzivaji
radioizotopy (radionuklidy), se hodnoti radiometrem (ra-
diovym spektrometrem) a v pfipadé pouziti fluorofor(
se signal zaznamenava na fluorometru. Uroven (sila) vy-
vinutého signdlu je pfimo Umérnd koncentraci troponint
v biologickém vzorku. Vysledek je ¢astéji vyjadien v kvan-
titativnich hodnotach (ng/ml, ng/l, pg/l) nebo se provadi
vizualni posouzeni poctu vytvorenych prouzkd, coz je cha-
rakteristické pro kvalitativni metody (diagnostické testo-
vaci prouzky) pouzivané u ltzka pacienta.

Vyvoj metod imunitni analyzy pro detekci srde¢nich
troponinu zacal témér pred 35 lety a byl charakterizovan
postupnym zlepsovanim analytickych parametrd a v du-
sledku toho i diagnostickych moznosti. Uplné prvni meto-
da pro detekci srde¢niho troponinu |, ktera byla zalozena
na radioimunoanalyze, byla vyvinuta v roce 1987. Méla
detek¢ni prah 10 pg/l (10 000 ng /l) a doba provedeni
byla pomérné dlouha (1-2 dny). Kvali tak nizké citlivosti
a dobé trvani studie byla doba pro detekci diagnosticky
vyznamnych koncentraci troponinu v krvi pozdni a tato
metoda dokdazala detekovat pouze rozsahlé infarkty
myokardu, proto byl troponin | vyznamné nizsi nez v té
dobé aktivné pouzivany enzym kreatinkindza-MB (CK-
-MB), ktery byl povazovan za ,zlaty standard” pro dia-
gnostiku AIM.32 O nékolik let pozdéji predstavili Katus
a jeho kolegové prvni plné automatizovany enzymovy
imunosorbentni test (ELISA) pro identifikaci troponinu T
s detekcnim limitem 100 ng/l a casem analyzy 90 minut.
Maximalni koncentrace troponinu T korelovaly s vrcho-
lovymi koncentracemi CK-MB. Tento imunotest, nazyva-
ny také ,test prvni generace”, byl lepsi nez standardni
biomarkery pouzivané v té dobé k diagnostice AIM.*
Tato metoda vsak méla vyznamnou nevyhodu, spocivajici
v kfizové reakci diagnostickych protilatek s izoformami
troponinu charakteristickymi pro kosterni svaly a vyso-
kym procentem pozitivnich vysledkd pfi onemocnénich

kosternich svall (myopatie), tézké fyzické namaze (bé-
hem maratonského béhu); nizka citlivost byla také po-
vazovana za dalsi nevyhodu. Metody druhé generace se
vyznacovaly vyssi specificitou a senzitivitou, coz se pro-
jevilo snizenim zkfizené reaktivity s kosternimi troponi-
ny a moznosti dfivéjsi diagnostiky AIM (v prdméru 6-12
hodin po jejim vyvoji). Méfeni hodnot troponinu u pa-
cientl s AIM predcilo pouziti viech ostatnich dostupnych
biomarkerd (CK-MB, laktdtdehydrogendza, aspartat-
aminotransferaza) a v roce 2000 spole¢ny dokument Ev-
ropské kardiologické spolec¢nosti a American College of
Cardiology doporucil pouziti troponinu T pro diagnosti-
ku AIM.** Nasledné zdokonaleni metod detekce a vyvoj
analyz ,tfeti” a ,Ctvrté generace” zcela eliminovaly zkfi-
zenou reaktivitu, zlepsily analytické vlastnosti v¢etné de-
tek¢niho limitu (minimalni detekovatelna koncentrace),
doba analyzy se zkratila pfiblizné o polovinu a pfevaha
v diagnostice AIM konecné presla od CK-MB na troponi-
ny.>> Za nevyhodu téchto mirné citlivych metod byla sta-
le povazovana nizka citlivost a prodlouzend primérna
doba potfebnd pro presnou laboratorni diagnostiku AIM
(detekce diagnosticky vyznamnych hodnot srdecnich tro-
poninu v krvi), ¢inila 6-12 hodin od okamziku vyvoje kli-
nického obrazu AIM. V letech 2007-2009 se objevily prvni
zpravy o vysoce citlivych analytickych metodach (,paté
generace”), jejichz detek¢ni prahova hodnota ¢ini 1-10
ng/ |, coz jsou priblizné desetkrat a stokrat vy3si hodnoty
nez u mirné citlivych metod a tisickrat vyssi hodnoty nez
u prototypt pred 30 lety, a doba analyzy ¢ini 20-30 mi-
nut‘36—38

Imunotesty troponinu | prosly podobnym vyvojem od
prvniho prototypu vyvinutého Cumminsem (1987). V roce
1992 byly k vyvoji enzymové vazaného imunosorbentni-
ho testu pouzity monoklonalni protilatky: detek¢ni limit
byl 1 900 ng/l a doba provedeni studie ¢inila 3,5 hodiny.
Na rozdil od tehdy existujicich metod pro identifikaci tro-
poninu T byla tato analyza vysoce specifickd pro detekci
poskozeni myokardu. A faleSné pozitivni vysledky nebyly
prakticky pozorovany ani za podminek onemocnéni kos-
terniho svalstva (myopatie), chronického selhani ledvin
a maratonského béhu.323° Za poslednich 25 let védci a vy-
robci vyvinuli nékolik testt s rGznymi kombinacemi proti-
latek na rdznych platformach. V soucasné dobé je na trhu
vice nez 30 testovacich systém0 pro detekci troponinu 1.
Dostupné metody sahaji od starSich, méné citlivych mode-
10 po moderni, vysoce citlivé a ultracitlivé. Kvlli heteroge-
nité metod analyzy cTnl se kvantitativni vysledky ziskané
u stejného pacienta pomoci rliznych metod a na rlznych
analyzatorech (zafizenich) neshoduji. Standardizace me-
tod detekce cTnl na zakladé rlznych platforem zUstava
obtiznym uUkolem a je jednim z hlavnich problém(.4° Po-
kud je tedy nutné prevézt pacienta do jiné nemocnice,
kterd pouziva jiny testovaci systém, nelze vysledky iden-
tifikace troponinu srovndvat, coz je doprovazeno dal$imi
ekonomickymi a ¢asovymi naklady.

Mezi nejoblibenéjsi patfi podle Mezindrodni federace
klinické chemie (IFCC) testovaci sady komercné dostup-
né pro provadéni vysoce citlivych analyz od nasledujicich
spolec¢nosti: Abbot, Beckman Coulter, bioMerieux, LSI Me-
dience, Roche, Ortho, Siemens, Singulex atd.*!

Z nich soupravy pro identifikaci hs-TnT vyrabi pouze
spole¢nost Roche, viechny ostatni vyrabéji soupravy pro
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hs-Tnl. Velkou nevyhodou téchto testll je nedostatecna
standardizace, kterd je vyjadfena v raznych vysledcich
u stejného pacienta, pokud jsou urceny rlznymi komer-
¢nimi soupravami, a vysledky se mohou lisit pétkrat az de-
setkrat nebo vice. To je primarné zplsobeno skutecnosti,
Ze rlzné soupravy pouzivaji razné protilatky zamérené na
razné epitopy (antigenni determinanty) molekul troponi-
nG: pfi AIM cirkuluji v krvi ve vétsi mife fragmenty tropo-
nind s odlisnou stabilitou. Pouziti protilatek namifenych
proti nestabilnim troponinovym epitoplm tedy povede
k podcenéni vysledkl ve srovnani s protilatkami proti sta-
bilnim oblastem molekuly. Soucasné jsou nékteré epitopy
molekul troponind tercem autoprotilatek a heterofilnich
protilatek, zatimco ty mohou pfispivat k produkci falesné
pozitivnich i faleSné negativnich vysledkl. V tomto sméru
dalsi vyzkum pokracuje v objasriovani mechanismt vlivu
na vysledek analyzy (interference), coz pfispéje ke zlepse-
ni kvality a standardizace analyz.

Mnoho zdravotnickych zafizeni dosud preslo na pou-
zivani vysoce citlivych testovacich systémd na troponin.
Anand a spol. nedavno provedli globalni studii s cilem
posoudit implementaci klicovych doporuceni Univerzalni
definice infarktu myokardu (2018) tykajicich se pouzivani
vysoce citlivych troponint pomoci telefonniho dotazniku
ve specidlné navrzené formé. Autofi provedli rozhovory
s [ékari v 1 902 lékarskych centrech ve 23 zemich na 5 kon-
tinentech. Srdecni troponin byl pouzit jako hlavni marker
pro diagnostiku AIM v 96 % center; uzivani CK-MB po-
kracuje v nékterych zemich Latinské Ameriky (Argentina,
Mexiko). Pouze 41 % stredisek pouzilo vysoce citlivé testy,
pfi¢emz Siroky rozsah byl od 7 % v Severni Americe po
60 % v Evropé. V institucich, které pouzivaly vysoce citlivé
metody analyzy, se castéji pouzivala strategie sériového
méreni s prevahou zrychlenych diagnostickych drah (0-3

h), castéji se brala v vahu diagnosticka prahovd hodnota
99. percentilu, avsak pouze 18 % center pouzivalo praho-
vé hodnoty 99. percentilu, spojené s genderovymi charak-
teristikami.*

Vysoce citlivé metody pro detekci troponinu:
analytické vlastnosti, kritéria, klasifikace

Hlavni analytické charakteristiky kvality troponinovych
imunotestd jsou: limit méfeni parametrd kontrolniho
vzorku (LoB) — maximalni koncentrace analytu, kterou Ize
detekovat ve vzorku, ktery jej neobsahuje, limit detekce
(LoD) — minimalni detekovatelna koncentrace, limit kvan-
titativni identifikace (funk¢ni citlivost, LoQ), 99. percentil,
genderové charakteristiky 99. percentilu, procento méfi-
telnych hodnot u zdravych jedincd, varia¢ni koeficient (%
CV), pomér 99. percentilu / LoD.204344

Mnoho védcl ma otdzku: ktera analyza by méla byt po-
vazovana za vysoce citlivou? Pracovni skupina IFCC Vybo-
ru pro klinické pouziti srdecnich biomarkert (TF-CB IFCC)
navrhla urc¢ovat metodu jako vysoce citlivou, pokud spl-
fiuje dvé kritéria.?® Nejprve by % CV pfi stanoveni hodnot
99. percentilu neméla prekrocit 10 %. Za druhé u vice nez
50 % zdravych lidi by méla byt koncentrace troponint vys-
$i nez LoD analytické metody.

Mnoho metod oznacenych jako vysoce citlivé vSak tato
kritéria nesplnuje. U hs-analyz by viechny ¢asopisy, vyrob-
ci, laboratore a instituce mély pouzivat jednotku méreni
ng/l, aby nedochazelo k nejasnostem a desetinnym car-
kdm, za kterymi nasleduji zbytecné nuly, pouzivané ve
stfedné citlivych a nékterych modernich vysoce citlivych
analyzach.?®

Tabulka 1 - Moderni analytické charakteristiky kvality srdecnich troponinovych imunotestt

Parametr

LoB (Limit of Blank) - Limit méreni parametr( kontrolniho
vzorku (falesné spousténi)

LoD (Limit of Detection) — detek¢ni limit (minimalni
detekovatelna koncentrace)

LoQ (Limit of Quantitation) - limit kvantitativni detekce

(funk¢ni citlivost) lépe

Celkova hodnota (bez ohledu na pohlavi) 99. percentil

Popis, komentar

Nejnizsi signél generovany v kapaliné s nulovou koncentraci troponint
(varianta naprazdno) — ¢im méné, tim Iépe

Hodnota ziskana v biologické tekutiné s nejnizsi koncentraci troponinu -
¢im méné, tim lépe

Minimalni koncentrace, kterou lze urcit s odchylkou < 10% - ¢im méné, tim

Koncentrace troponinu zjisténd u 99 % skutec¢né zdravych jedincl a pouze

u 1 % skutecné zdravych zkoumanych lidi jsou falesné pozitivni vysledky
pripustné nejcastéji z néjakého nezndmého divodu

Genderové hodnoty 99. percentilu Koncentrace troponint detekované u 99 % zdravych jedincd, s prihlédnu-
tim k pohlavi. U muzd je 99. percentil horni hranice normy priblizné 1,5- az

2krat vyssi nez u zen, v zavislosti na pouzité analyze

Prahova hodnota (hrani¢ni hodnota) Minimalni koncentrace troponinu pro stanoveni diagnézy AIM. Tento
ukazatel se pouziva pouze ve stiedné citlivych testovacich systémech,
zatimco v zrychlenych algoritmech vyuzivajicich vysoce a ultracitlivé

testovaci systémy se jako referencni Uroven pouziva uroven 99. percentilu.

Varia¢ni koeficient (% CV) N&hodny rozptyl méfeni ve stejném vzorku. Cim mensi je, tim presnéjsi je

analyza.

Procento hodnot < 99. percentil u zdravych subjekt Pocet zdravych lidi (v %), u kterych je hodnota troponinu v krvi

detekovana v rozmezi od LoD do 99. percentilu.

Pomér 99. percentil/LoD Cim vice, tim vys3i je citlivost testu
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Klinickd a diagnostickd hodnota vysledk( identifika-
ce hs-TnT a hs-Tnl pfimo souvisi s analytickymi charak-
teristikami pouzitych troponinovych diagnostik (tabul-
ka 1). Pfi stanoveni analytickych parametru testovaciho
systému je tfeba dodrZovat doporuceni odbornikd IFCC.
Napfiklad pro stanoveni hodnot 99. percentilu podle
pohlavi je nutné detekovat troponiny u nejméné 300
Zen a 300 muzud. V budoucnu je lze upravit pfi pfijmu
novych udajd a v idedlnim pripadé by kazda laboratof
méla stanovit vlastni 99. percentil, ktery v tomto pfi-
padé bude odpovidat nejen pouzitému testovacimu
systému a analyzatoru, ale také charakteristikdm této
populace. Vzhledem ke slozZitosti a nakladdm na takové
studie je vSak mozné zaméfit se na parametry posky-
tované vyrobci.?%* Stanoveni optimalnich hodnot pro
99. percentil je velmi dllezitym momentem a zahrnuje
fadu klicovych otazek: jak by mély byt vybrany refe-
ren¢ni skupiny? Kterd metoda statistického vypoctu by
méla byt pouzita? Definice toho, co znamend zdravy
¢lovék, je pfedmétem debaty.?® Jak by méli byt pacien-
ti vybirdni podle véku — mladi (< 30 let) nebo ti, ktefri
odpovidaji klasickym pacientim s AIM (40-90 let)? Jaka
kritéria by méla byt pouzita pro oznaceni ,zdravych”
pacientl — pomoci jednoduchého prizkumu (dotazni-
ku) nebo pomoci kompletniho lékarského vysetreni,
véetné fyzikalnich i instrumentélnich laboratornich stu-
dii (elektrokardiografie, echokardiografie, stanoveni
koncentrace natriuretickych peptidu, koncentrace krea-
tininu)? Druhad mozZnost je ideéalni, ale draha. Vybér kon-
trolni skupiny podle pfisnych kritérii posune 99. per-
centil na nizsi hodnoty.* Pfi vypoctu 99. percentilu je
navic zapotrebi jednotny statisticky pFistup. Navrhované
metody vypoctu — neparametrickd metoda (metoda po-
dle Harrella a Davise) a robustni (stabilni) statisticka me-
toda poskytuji rdzné hodnoty 99. percentilu. O tomto
skore pokracuji diskuse.*® Vyse uvedené podminky tedy
maji velky vliv na stanoveni Urovné 99. percentilu, coz
je jedno z vysvétleni jeho vyznamné variabilnosti mezi
analytickymi metodami od rdznych vyrobct.

Nékteré nové rychlé diagnostické algoritmy (jedno-
hodinové a dvouhodinové) zarover necili na Uroven 99.
percentilu jako referenc¢ni diagnostickou prahovou hod-

Tabulka 2 - Pfesnost a citlivost metod imunotestu srdecnich

troponint

Variacni koeficient (nepresnost analyzy v %)

V<10 Vlysoka presnost (prijatelna pro diagnostiku)
10<CV<20 Nizka presnost, ale klinicky prijatelna

V=20 Nepfijatelné pro pouziti

Procento (%) méritelnych hodnot < 99. percentil u zdravych lidi
<50 Stfedné citlivé - 1. uroven

50-75 Vysoce citlivé 1. generace - 2. troven

75-95 Vysoce citlivé 2. generace - 3. Uroven
> 95 Vysoce citlivé 3. generace - 4. Uroven
99-100 Vysoce citlivé 4. generace - 5. Uroven

Pomér mezi 99. percentilem a LoD

<1 Klinicky pfijatelné (vysoka citlivost)
>10 Extrémné vysoce citlivy
>20 Ultracitlivy

notu, ale pouzivaji nizsi mezni hodnoty pro rozhodovani
o hospitalizaci/invazivnich zasazich nebo o odeslani pa-
cienta domu. Je to proto, Ze mnoho pacientt s koncen-
tracemi hs-Tn v rozmezi od LoD (nebo LoQ) do 99. per-
centilu ma vyssi riziko nezadoucich vysledkd ve srovnani
s pacienty s minimalnimi nebo Zadnymi detekovatelnymi
hodnotami (tj. < LoD nebo LoQ). Uspéch téchto strategii
byl prokdzan v radé studii k rychlému vylouceni akutniho
koronarniho syndromu a identifikaci pacientl se zvyse-
nym rizikem 30dennich nezddoucich kardiovaskularnich
pfihod.47-52

LoD je velmi dulezity pti vcasné diagnostice AIM. Na-
priklad imunoanalytickd metoda prvni a druhé genera-
ce méla LoD v rozmezi 100-500 ng/l, diky ¢emuz byl AIM
diagnostikovan pfili§ pozdé (po 12-24 hodinach), v radé
pfipadd maloohniskové infarkty nebyly diagnostikova-
ny a troponin nebyl detekovdn u Zadného zdravého pa-
cienta (0 % namérenych hodnot v referen¢ni populaci).
V soucasné fazi vyvoje vysoce citlivych analyz maze byt
LoD jen nékolik ng/l, a dokonce i < 1 ng/l, coz je stokrat
citlivéjsi a umoznuje detekovat poskozeni myokardu na
urovni jednotlivych bunék; procento namérenych hodnot
troponinl se pohybuje od 50 do 100 %."#' Garcia-Osu-
na a spol. nedavno studovali analytické vlastnosti nové
metody detekce troponinu | na urovni jednotlivych mo-
lekul. Studie ukazala, Ze tato metoda je pfiblizné 10krat
citlivéjsi nez v soucasné dobé pouzivand metoda hs-Tn I.
LoD této metody byla 0,08-0,12 ng/l a podil zdravych lidi
s méfitelnymi koncentracemi troponinu dosahl 99,5 %.
Soucasné byly velmi ptisné vybirany zdravé subjekty (na
zakladé historie, normalnich hodnot natriuretickych
peptidid a kreatininu). Median hs-cTnl byl vyznamné
vy$3i U muzd ve srovnani se Zenami a u starsich osob ve
srovnani s mladymi lidmi, coz naznacuje potfebu odra-
Zzet vékové charakteristiky v hodnotach hs-cTnl. Tento
hypersenzitivni imunotest je vyznamné lepsi nez jiné sta-
vajici vysoce citlivé metody.> Této citlivosti bylo dosazeno
pouzitim 4 typG protildtek: 2 z nich jsou zamérfeny na
epitopy umisténé ve stfedu troponinu a 2 na epitopy
umisténé na obou koncich molekuly, ktery poskytuje
vétsi absorpci molekuly troponinu | a jeho fragmentu ve
srovnani s testovacimi systémy zaloZzenymi na pouziti 2-3
typ protilatek.

Dulezitym parametrem, ktery urcuje pfesnost imuno-
testu, je % CV. Metoda je povazovana za vysoce presnou
a spliiuje pozadavky IFCC, pokud pfi sériové detekci hod-
noty troponinu ve stejném vzorku neprekroci pramér-
né rozpéti ziskanych vysledkd 10 % (CV < 10%). Avsak
vzhledem k nizké komer¢ni dostupnosti vysoce presnych
testd jsou v mnoha laboratofich stale Siroce pouzivany
troponinové testy s 10 % < CV < 20 %. Pouziti téchto
testovacich systémU muze vést k falesné pozitivnim a fa-
le$né negativnim vysledkdm. Testy s CV > 20 % jsou pro
klinické pouziti nepfijatelné a mély by byt vylouceny
(tabulka 2). Vyznamné zlepseni analytickych parametrd
vysoce citlivych testd umoznilo zavést dalsi, takzvanou
Lfunkéni” klasifikaci metod zaloZzenou na poméru 99.
percentilu a LoD. Cim vy33i je pomér 99. percentilu / LoD,
tim vyssi je pravdépodobnost identifikace subjektt s mé-
fitelnymi hodnotami.

Nékteré stavajici moderni vysoce citlivé testovaci sys-
témy dostupné pro klinické pouziti a jejich analytické
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Tabulka 3 - Vysoce citlivé metody pro detekci srdecnich troponint T a | podle tidajt Vyboru pro klinické pouziti srdecnich biomarkeri IFCC

(od prosince 2019, poskytované vyrobci) podle* se zménami

Spolecnost/platforma/metoda LoB LoD
(ng/1) (ng/1)
Abbott/Alinity i systems/Alinity i STAT High 1,0 1,6

Sensitive Troponin-I; commercial OUS

Abbott/ARCHITECT i systems/ARCHITECT 0,7-1,3 1,1
STAT High Sensitive Troponin-I; commercial

Beckman Coulter/Access 2, DxI/Access hsTnl;  0,0-1, 1,0-2,3
commercial - OUS

Beckman Coulter/Access 2, /Access hs Tnl; 0,0-0,8 1,0-2,0
commercial — U.S.: Serum

LSI Medience (formerly Mitsubishi) - 1
PATHFAST hs-cTnl; commercial

LSI Medience (former Mitsubishi) 1,23 2,33
PATHFAST hs-cTnl /PATHFAST cTnl-lI

Ortho/VITROS/hs Troponin I; commercial 0,14-0,51 0,39-0,86
Roche/cobas e801/cTnT-hs 18-min and 2,5 3
STAT; commercial

Siemens ADVIA Centaur XP/ XPT High 0,50 1,6
Sensitivity Tnl (TNIH), US & OUS;

commercial

Singulex Clarity cTnl; commercial 0,02 0,08

cv 99percentilni
(%)  (obecny adle

Procento méfitelnych Statisticka metoda
hodnot v rozmezi pouzita k vypoctu

genderovych od LoD do 99. 99. percentilu
ryst), ng/| percentilu (obecné
a dle genderovych
ryst, %)

4,0% Obecny-26,2  Obecny -85 % Robust. statistika
XK-15-6 XK-78%
M-34.2 M-92 %

4,0 % Obecny 26.2 Obecny - 85 % Robust. statistika
X-15,6 X-78 %
M -34,2 M-92 %

3,7 Obecny-17,5 >50 Neparametricky
X-11,6
M-19,8

6,0 Obecny-18,2 >50 Neparametricky
K-11,8
M-19,7

<6 Obecny - 15,48 Obecny - 76 Neparametricky
K -16,91
M- 11,46

6,1 Obecny -27,9  Obecny - 66,3 Neparametricky
XK-20,3 XK-52,8
M -29,7 M-7838

<10 Obecny-11,0 >50 Neparametricky
XK-9,0
M-12,0

<10 Obecny-14,0 Obecny-57,4 Neposkytnuto
X-9,0 vyrobcem
M- 16,0

<49 Obecny-46,5 Obecny-72,0 Neparametricky
XK-39,6 X-57,0
M - 58,0 M - 86,0

2,39 Obecny-8,67  Obecny-99 Neparametricky
X-8,76 XK-99
M-9,23 M - 100

parametry jsou shrnuty v tabulce 3 (podle IFCC, prosinec
2019).>

Zavér

Vysoce citlivé metody pro detekci troponind vyznam-
né zménily nase chapani biologie srdecnich troponint
a umoznily zlepsit diagnostiku AIM. Rada problémd spo-
jenych s analyzou vSak mlze ovlivnit u¢innost detekce sr-
decnich troponint v bézné klinické praxi. Pro spolehlivé
a optimalni pouziti vysoce citlivych metod pro detekci
troponint v klinické praxi je dllezité vzit v uvahu jejich
hlavni analytické charakteristiky: 99. percentil, genderové
charakteristiky 99. percentilu, detek¢ni limit (minimalni
detekovatelnd koncentrace), variacni koeficient, 99. per-
centil / detekéni limit, limit méreni parametrd kontrolni-
ho vzorku. Vzhledem k tomu, Ze stale vice vyrobcl vyrabi
testovaci systémy, zaloZzené na vysoce citlivych detek¢nich
metoddch, je nutné provadét nezavislé analytické a kli-
nické hodnoceni téchto metod.
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Cévni komplikace predstavuji jednu z hlavnich komplikaci transplantace ledvin (renal transplantation,
RTx). Cévni komplikace, k niz dojde v prvnich nékolika hodinach nebo dnech po RTx, miize zdvaznym
zplsobem ohrozit funkci renalniho $tépu (renal graft, RG), a dokonce vést k jeho ztraté. Blizka infracervena
spektrometrie (near-infrared spectrometry, NIRS), s jejiz pomoci se méfi perfuze RG a saturace kyslikem,
predstavuje nové se prosazujici a perspektivni diagnostickou metodu. Podle riiznych studii koreluji vysledky
parametr( NIRS v redlném case s vysledky parametrG vysetieni RG dopplerovskym ultrazvukem (DU). Vzhle-
dem k dalSimu technickému pokroku v této oblasti by se NIRS mohla stat v budoucnu zlatym standardem
pro monitorovani RG a pfipadné nahradit metodu DU. Metoda NIRS by rovnéz mohla vyloucit nepresnosti
a diskrepance s vysledky DU, ptipisované na konto |ékare-operatora jako lidského faktoru, tedy zkusenosti
personalu provadéjiciho vysetfeni DU renalniho stépu.

© 2021, CKS.

ABSTRACT

Vascular complications are one of the major complications in renal transplantation (RTx). Early vascular
complication occurring within a few hours or days after RTx can severely compromise renal graft (RG) func-
tion and can even lead to a transplanted renal graft (RG) loss. Near-infrared spectrometry (NIRS) measuring
of RG perfusion and oxygen saturation is a newly emerging and promising diagnostic procedure. Based on
various studies, real-time NIRS parameters correlate with Doppler’s ultrasonography (DU) RG parameters.
With further advancements in technology, NIRS has a very high chance of becoming a gold standard in the
monitoring of renal transplants in the future and potentially replacing today’s Doppler ultrasonography.
Furthermore, NIRS will potentially eliminate the inaccuracies and discrepancies caused by a physician-oper-
ating factor when compared to DU, i.e. the experience of the staff performing the DU examination of RG.

and decreased cardiac output. Arterial or vein thrombo-

Review

sis is the leading cause of these events usually occurring
due to technical problem besides hyper-acute rejection

Renal transplantation (RTx) is the treatment of choice
for patients with the end-stage renal disease with the
offering of improved quality of life relative to dialysis.’
Vascular complications after RTx are still one of the
major concerns with an incidence ranging from 1-9%
accompanied by increased morbidity and mortality.??
Early vascular complication occurring within a few
hours or days after RTx can severely compromise graft
function and can even lead to a transplanted renal graft
(RG) loss.* The causes of the various vascular complica-
tions in renal transplants are multifactorial: technical
errors, recipient-related factors such as atherosclerosis

or thrombophilia.> Vascular complications occur more
frequently in grafts from deceased donors from living
donors.® Therefore, periprocedural/early postoperative
monitoring after RTx is essential to prevent RG damage
or even graft loss.

To date, the monitoring of graft perfusion has been
achieved through a comprehensive evaluation of clinical
indicators, biochemical markers, and Doppler ultrasono-
graphy (DU). Clinical indicators and biochemical markers
have a low negative predictive value with low accuracy
in predicting vascular complications. DU is an accurate
method for evaluating blood flow in RG. However, its
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reproducibility is significantly physician dependent. Fur-
thermore, it does not allow for continuous RG perfusion
monitoring.’

Over the past years, several ultrasound-based tech-
niques had emerged such as tissue stiffness assessment
and contrast-enhanced ultrasonography assessing the
renal micro-vascularisation. New ultrasensitive Doppler
techniques improve the detection of slow blood flow
and can be used alone or after administration of contrast
agents. Regardless of these improvements in ultrasono-
graphy, DU still remains the gold standard in non-invasive
RG monitoring after RTx up to date.®® With the advance-
ments in technology, new technical procedures are fin-
ding their way into clinical practice.

Near-infrared (NIRS) spectroscopy had shown a great
potential in paediatric as well as adult RTx. NIRS is a real-
-time, non-invasive technique for monitoring tissue oxy-
genation. In general, most biological tissue is relatively
transparent to infrared light in the range closest to the
visual spectrum (700-1,000 nm). All NIRS devices emit li-
ght in the near-infrared spectrum and analyse photons
returning to the transducer.’ The physiological principle
is the detection of a change in the spectrum of infrared
light reflected from the tissue depends on the relative
concentration of oxygenated and deoxygenated haemo-
globin.

The major advantage of NIRS is the ability to predict
hypoxia-induced tissue damage sooner than venous satu-
ration or lactate.®'" Renal time oxygen saturation is a re-
liable predictor for acute kidney injury and is a precise
marker of acute kidney hypoperfusion.®'? NIRS can diffe-
rentiate RG dysfunction caused by hypoperfusion arising
from vascular complication or suboptimal circulatory hae-
modynamic parameters.'?

It is believed that the depth of an organ measured
from the skin surface has an effect on the oxygen satu-
ration measurement accuracy.' The proposed maximum
depth for accurate oxygen saturation measurement by
Epstein et al. is 8 cm." Malakasioti et al. demonstrated
that within the proposed maximum depth of the RG me-
asured from the skin, no significant difference in tissue
oxygenation index between the upper and lower poles
of RG is observed. This supports the feasibility of NIRS
monitoring across patients of different age, body habitus
for RG placement.” The reproducibility of NIRS measure-
ments can be significantly increased with the use of diffe-
rent channels for monitoring.'

Application of NIRS is early post-RTx period for eva-
luation of oxygen adequacy at a microvascular level.
The sensitivity of NIRS for cortical blood flow greatly
exceeds DU. DU has very limited application beyond ar-
cuate vessels which reduces an early detection of early
intrarenal involvement.'® This is particularly useful in
paediatric RTx, where an adult kidney is transplanted.
Large volumes of intravenous fluid and inotropes are
used to ensure RG perfusion, both of which can re-
sult in adverse effects if not implemented carefully."”
Renal oximetry values in paediatric patients after RTx
with delayed graft function are similar to those from
recipients with good function. Thus, NIRS values play
a crucial role in differentiating perfusion related causes
of graft dysfunction.' This caused some researchers to

believe that NIRS could be used in the postoperative
period in paediatric patients as a guide to fluid ma-
nagement decisions.’” The reproducibility of oxygen
saturation of the RG plays a significant role in paediat-
ric patients due to the specifications mentioned abo-
ve and nuances associated with adult kidney placed in
a paediatric patient.™

As every new emerging technical innovation with
application in medicine, research on animal models
is necessary fortis future advancements and develop-
ment. There is a limited number of papers assessing op-
tical measuring methods with applications in renal oxy-
gen perfusion monitoring.’” Vaughan demonstrated
that if tissue’s strong light scattering is not taken into
account, only the qualitative estimates of the changes
in oxygenation are measured.? The study by Krause et
al. used a commercially available reflection spectrome-
ter to monitor relative changes of haemoglobin per ti-
ssue volume and oxygen saturation in haemoglobin in
the renal cortex of rats upon administration of contrast
agents.?! Grosenic et al. showed in an experimental rat
model significantly faster detection of renal hypo-per-
fusion by NIRS than by DU while simulating renal artery
or vein occlusion.? The latest experimental work invol-
ving NIRS as RG perfusion monitoring by Maly et al.
demonstrated the feasibility and reproducibility with
100% sensitivity of NIRS for renal transplant perfusion
monitoring in swine renal auto-transplantation expe-
rimental model when detecting a decreasing RG per-
fusion.?

Conclusion

NIRS measuring of RG perfusion and oxygen saturation
is a newly emerging and promising diagnostic procedu-
re. Based on various studies, real-time NIRS parameters
correlate with DU RG parameters. With further advan-
cements in technology, NIRS has a very high chance of
becoming a gold standard in the monitoring of renal
transplants in the future and potentially replacing to-
day’s Doppler ultrasonography. Furthermore, NIRS will
potentially eliminate the inaccuracies and discrepancies
caused by a physician-operating factor when compared
to DU, i.e. the experience of the staff performing the DU
examination of RG.
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Atypicka manifestace takotsubo syndromu
pri exacerbaci CHOPN

(Atypical manifestation of Takotsubo syndrome during COPD exacerbation)
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Takotsubo syndrom (TTS) je onemocnéni projevujici se jako akutni reverzibilni dysfunkce prevézné levé
komory. Nejcastéji postihuje postmenopauzalni Zeny s anamnézou neurologickych ¢i psychiatrickych one-
mocnéni a psychickym nebo fyzickym stresem kratce pred manifestaci TTS. Vzacné pripady TTS mohou byt
spojeny s exacerbaci chronické obstrukcni plicni nemoci (CHOPN) nebo astmatu. Prezentujeme kazuistiku
70letého muze bez neurologickych a psychiatrickych onemocnéni, bez jasného emocniho spoustéciho me-
chanismu s atypickou klinickou manifestaci TTS.

© 2021, CKS.

ABSTRACT

Takotsubo syndrome (TTS) is a clinical syndrome characterized by an acute and reversible left ventricle dys-
function. It affects predominantly postmenopausal women with a history of neurologic or psychiatric disor-
ders and psychological or physical stress shortly before the onset of TTS. Rare cases of TTS can be associated
with chronic obstructive pulmonary disease or asthma exacerbation. Our case report presents a male patient
without neurologic or psychiatric disorders, without a clear psychological trigger and with atypical clinical

Takotsubo syndrome features.

Uvod

Takotsubo syndrom (TTS) je onemocnéni projevujici se
jako akutni reverzibilni dysfunkce prevazné levé komo-
ry. Frekvence vyskytu TTS se zvysuje, coz je zfejmé dano
vys$sim povédomim o onemocnéni a v soucasnosti uvadé-
na incidence ¢ini 15-30 pfipadd na 100 000 osob/rok. Vy-
razné Castéji jsou TTS ohroZzeny postmenopauzalni zeny,
které tvofi pfiblizné 90 % vSech pfipadd. Typickym rysem
je spoustéci faktor v podobé psychického nebo fyzické-
ho stresu v obdobi kratce pred manifestaci onemocnéni
u pacientl s neurologickymi ¢i psychiatrickymi chorobami.
Mezi dalsi popisované rizikové faktory patfi diabetes mel-
litus, astma, chronicka obstrukéni plicni nemoc (CHOPN)
nebo uzivani konopi. TTS se nej¢astéji manifestuje jako
akutni koronarni syndrom (AKS) nebo akutni srdec¢ni se-
Ihani. NejcastéjSimi symptomy jsou bolest na hrudi, dus-
nost, nevolnost a vzacnéji synkopa. TTS pacienta ohrozu-
je predeviim komplikacemi v podobé zavaznych arytmii,
tromboembolismu a kardiogenniho Soku.!

Popis pripadu

Sedmdesatilety kardiovaskularné rizikovy pacient s anamné-
zou aterosklerotického postizeni karotickych tepen, arte-
ridlni hypertenzi, dyslipidemii, nikotinismem, CHOPN a po
prekonané tranzitorni ischemické atace a pankreatitidé
byl pfijat na oddéleni urgentniho pfijmu pro 12 hodin tr-
vajici dusnost. Chronickd medikace pacienta zahrnovala
kyselinu acetylsalicylovou, rosuvastatin, ramipril, carvedi-
lol, ciclesonid, umeclidinium-bromid/vilanterol-trifenatat
a ipratropum-bromid/fenoterol-hydrobromid. Dusnost
byla progresivniho charakteru bez reakce na chronicky
uzivanou inhala¢ni medikaci a doprovdzena opocenim,
slabosti a kaslem bez expektorace. Pfi fyzikalnim vyset-
feni byl poslechem zjistén bilaterdlni systolicky 3elest nad
karotickymi tepnami a na plicich sklipkové dychani s pro-
dlouzenym exspiriem s ojedinélymi exspira¢nimi spastic-
kymi fenomény. EKG prokdzalo sinusovy rytmus s deviaci
osy srde¢ni doprava, neprodlouzené intervaly PQ, QRS
a QTc a izoelektricky usek ST s konkordantnimi vinami T
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Obr. 1-EKG

(obr. 1). Po vysetfeni byl pacient zalé¢en bronchodilata¢ni
a kortikosteroidni terapii (methylprednison, ipratropum-
-bromid/fenoterol-hydrobromid, ambroxol-hydrochlorid)
pro exacerbaci CHOPN. Vzhledem ke zvysené hodnoté
vysoce sensitivniho troponinu | (110 ng/l) byl pacient na-
sledné predan k dovysetfeni na nasi kliniku.

R 5 14.12.20} o) 14.12,28 20

Obr. 2 - Pfehled levostrannych ventrikulografii. Nahore (A + B) vy-
Setfeni v pribéhu TTS. (A) Levostranna ventrikulografie v diastole.
(B) Levostranna ventrikulografie v systole. Je patrna porucha kine-
tiky apikalniho segmentu. Dole (C + D) kontrolni vysetfeni. (C) Le-
vostranna ventrikulografie v diastole. (D) Levostranna ventrikulo-
grafie v systole. Je patrna normalizace tvaru a funkce levé komory.

Pacientovi byl proveden skiagram hrudniku, selektiv-
ni koronarografie (SKG) s levostrannou ventrikulografii
a echokardiografické vysetreni. Skiagram hrudniku odha-
lil akcentovanou bronchovaskularni kresbu vpravo para-
kardidlné, nerozsiteny srdecni stin a plicni parenchym bez
patologickych lozisek a infiltraci. SKG prokazala 50% ste-
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Obr. 4 - Zobrazeni v parasternalni dlouhé ose v systole. Je patrna
akineze hrotu pii zachované kinetice bazalné.
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ndzu ramus interventricularis anterior ve stfednim Useku,
dvé 80% stendzy ramus circumflexus, difuzné postizeny
ramus marginalis sinister a proximdlné chronicky oblite-
rovanou pravou véncitou tepnu. Levostrannd ventriku-
lografie prokazala ejek¢ni frakci levé komory 30-35 %,
akinezi hrotu a dyskinezi stfednich a apikalnich segmentu
(obr. 2, video 1). Nasledné provedené echokardiografic-
ké vysetfeni prokazalo levou komoru bez znamek hyper-
trofie nebo dilatace a potvrdilo ventrikulograficky nalez
(obr. 4 a 5). Kontrolni EKG nasledujici den odhalilo rozvoj
negativni T viny ve svodu aVL a prodlouzeni intervalu QTc
na 454 ms. Vzhledem ke kardiopulmonalné kompenzo-
vanému stavu bez dalSich obtizi byl pacient propustén
do ambulantni péce s doporucenim vyvarovat se sympa-
tomimetickych 1ékd, v jeho pfipadé tedy umeclidinium-
-bromidu/vilanterol-trifenatadtu a ipratropum-bromidu/
fenoterol-hydrobromidu.

Kontrolni levostrannd ventrikulografie, provedena
s odstupem 41 dni vzhledem k naplanované perkutanni
koronarni intervence prokazala normalizaci tvaru a funk-
ce levé komory bez vyznamnych poruch regiondlni kine-
tiky (obr. 2, video 2).

Diskuse

TTS byl poprvé popsdn v roce 1990 a dnes je zndmy také
pod ndzvy Stress Cardiomyopathy, Broken Heart Syndro-
me nebo Apical Ballooning syndrome. Porozuméni TTS se
stale vyviji a plvodné popsana apikalni forma byla do-
plnéna o ctyri dalsi formy s odlisSnou lokalizaci postizeni
— midventrikularni, bazalni, biventrikularni a fokalni. Byly
popsany nové rizikové faktory a spoustéci mechanismy
a stale je zkoumana patofyziologie onemocnéni. Dia-
gnostika TTS by méla zahrnovat peclivou anamnézu, fyzi-
kalni vysetieni, EKG a zobrazovaci metody. Pfedtestovou
pravdépodobnost diagnézy TTS lze odhadnout pomoci
InterTAK skérovaciho systému (dostupny na https://www.
takotsubo-registry.com/takotsubo-score.html), vytvore-
ného na zakladé dat pacientt z velkého mezinarodniho
registru (International Takotsubo Registry). Pouziva ana-
mnesticka a EKG kritéria, kterym prirfazuje bodové ohod-
noceni. Ze ziskaného poctu bodd odhaduje procentualni
predtestovou pravdépodobnost diagnézy TTS. V pfipadé
naseho pacienta by pfi pfijmu bylo dosazeno skoére 25
bodl, a dosahl by tedy predtestové pravdépodobnosti
TTS 0,3 %. Samotné muzské pohlavi pacienta je vzacné
(muzi predstavuji jen zhruba 10 % pacientd s TTS, pohlavi
je soucasti skérovaciho systému InterTAK).!

TTS se u prezentovaného pacienta projevil v terénu
exacerbace CHOPN a uzivani agonistd beta-adrenerg-
nich receptord. CHOPN je v soucasnosti znamym riziko-
vym faktorem TTS. Prvni pfipad asociace CHOPN s TTS byl
popsan jiz v roce 2009.2 Studie pfipadl a kontrol porov-
navajici skupinu 101 pacientl s TTS se skupinou pacientU
s ICHS a kontrolni skupinou zdravych osob nalezla zvy-
Seny vyskyt CHOPN u pacientd s TTS (10,1 % vs. 4,6 %,
resp. 3,8 %). Pacienti s TTS zaroven castéji uzivali agonisty
beta-adrenergnich receptorl (8,9 % vs. 4,4 % vs. 5,1 %).2
Popsany byly i pfipady pacientd, u kterych se TTS manifes-
toval v obdobi exacerbace CHOPN nebo astmatu.* Skupi-
nou britskych autor( byl na zakladé case-series zahrnujici

5 pacientl dokonce navrZzen pojem bronchogenic stress
cardiomyopathy. Spole¢nym rysem téchto pacientt byla
jak soucasnd pritomnost exacerbace CHOPN (a uzivani
agonistd beta-adrenergnich receptort), tak i atypicka
manifestace TTS, kterd se shoduje s klinickou prezenta-
ci nami popisované kazuistiky. Hlavnim priznakem byla
u viech dusnost, avsak s absenci bolesti na hrudi, kterd je
jinak uvaddéna jako nejcastéjsi priznak TTS (> 75 %)." Skia-
gram hrudniku a poslechovy nalez plic se taktéz shodo-
valy s nasim pacientem. U zadného pacienta nebyla iden-
tifikovana jina pficina, ktera by vysvétlovala rozvoj TTS.>

Exacerbace CHOPN nebo astmatu muze byt doprovaze-
na zvysenym uzivanim sympatomimeticky pUsobicich 1éku
a neni dosud objasnéno, ktery z téchto stimuld (nebo zda
oba) slouzi jako spousté¢ TTS. Pokud je TTS spousténa
zvySenou hodnotou cirkulujicich katecholamind, existuje
teoretické riziko navozeni TTS uzivanim agonistl beta-
-adrenergnich receptorl, zejména pokud by byly uzity ve
zvy$eném mnozstvi. Pfipad odpovidajici této situaci byl
jiz popsan.® Experimentalné bylo prokazano, Ze pfilisna
stimulace beta,-adrenergnich receptor( vede k paradox-
ni negativné inotropni odpovédi. Popisované receptory
jsou umistény ve zvy$ené mire v apikalni oblasti myokar-
du, coz by vysvétlovalo nejcastéjsi lokalizaci TTS. Existuji
vsak interindividudlIni rozdily distribuce receptord, které
by potencialné mohly zodpovidat za ostatni formy TTS.”°
Hypotéza zvysené koncentrace cirkulujicich katecholami-
nU jako spoustéciho mechanismu TTS vSak neni univerzal-
né pfijimana a dle nékterych autorl se jedna o dlsledek,
a nikoliv pfi¢inu TTS.!

Typickym znakem TTS jsou také zmény EKG zahrnujici
elevaci Useku ST (deprese je méné castd), inverzi viny T
a prodlouzeniintervalu QTc. Souhrnné se u > 95 % pacien-
t0 vyskytuje abnormalni EKG. Ve vyjimecnych pripadech
se vsak vyskytovat nemusi, coz pripoustéji i diagnosticka
kritéria InterTak. V nasi kazuistice se vyskytuje pouze mir-
né prodlouzeni intervalu QTc pfi kontrolnim EKG, coz je
v souladu s popisovanou postupnou dynamikou zmén.°

Laboratorni vysetieni odhali nej¢astéji zvySenou hod-
notu srdecnich troponind (cTn). Hodnota cTn vsak ne-
odpovida velikosti postizeného myokardu, které by bylo
dosazeno pfi akutnim korondrnim syndromu (AKS). Dalsi
laboratorni odchylkou je signifikantné zvysend hodnota
natriuretického peptidu typu B (BNP) nebo N-termindl-
niho fragmentu natriuretického propeptidu typu B (NT-
-proBNP). Pacient v nasi kazuistice mél v den pfijmu k hos-
pitalizaci atypicky nizkou hodnotu NT-proBNP 124,3 ng/I.

Diagnézu TTS definitivné potvrdi zobrazovaci metody.
Provadi se SKG s levostrannou ventrikulografii a echokar-
diografické vysetfeni, které maze predchazet nebo nasle-
dovat SKG. Zobrazovaci metody prokazou velikost posti-
zeného myokardu a vylouci postiZzeni korondrnich tepen
jako pfic¢inu poruchy kinetiky. Z dalSich vy3etfovacich me-
tod by bylo mozné provést magnetickou rezonanci srdce.
CT koronarografie ma pfi moznosti provést SKG omezeny
benefit. V diferencialni diagnostice je nutno zvazit AKS,
myokarditidu a postizeni myokardu asociované s fe-
ochromocytomem. Lécba TTS je nespecifickd, podputrna
a zaméfuje se na pripadné komplikace TTS. Prognézu
pacientu s TTS ovliviiuje pfitomnost komplikaci, pfi jejich
absenci je dobra. K upravé funkce levé komory dochazi
v rozmezi 48 hodin az nékolika tydnu. Pacienti jsou do
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budoucna zatiZeni rizikem rekurence TTS a zvySenym vy-
skytem Unavy, dusnosti, bolesti na hrudi, palpitaci a into-
leranci fyzické zatéze.!

Zavér

Exacerbace CHOPN predstavuje formu fyzického stresu
a spolecné s uzivanim B,-adrenergnich agonistd muze
slouzit jako spoustéci mechanismus TTS. K urceni dia-
gndzy TTS je tieba peclivda anamnéza, fyzikalni vysetieni,
EKG, laboratorni vysetfeni koncentrace cTn a NT-proBNP
a nasledné vyuziti zobrazovacich metod.
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Hypoplazie zadniho mitralniho cipu — myslime na ni?

(Hypoplasia of the posterior mitral leaflet — are we familiar with it?)
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Hypoplazie zadniho mitralniho cipu je vzacna vrozena srdecni vada, ktera se muze vyskytovat izolované, ale
i ve spojitosti s jinou vrozenou srde¢ni vadou. Manifestuje se symptomatickou ¢i asymptomatickou mitralni
regurgitaci. Doposud bylo v literatufe uvedeno 21 kazuistik s touto malformaci. V tomto ¢lanku popisujeme
dva pfipady nalezené hypoplazie zadniho mitralniho cipu. Prvnim pacientem je 59lety muz s néhodnym né-
lezem hypoplazie mitrélniho cipu, u kterého byl zvolen konzervativni postup. Druhym pacientem je 48lety
muz s nalezem sdruzené vady, a sice hypoplazie zadniho mitralniho cipu, bikuspidalni aortalni chlopné,
perzistujicim foramen ovale a obrazem non-kompaktni kardiomyopatie. U tohoto pacienta byl vzhledem
k symptomUm indikovan kardiochirurgicky vykon.

© 2021, CKS.

ABSTRACT

Hypoplasia of the posterior mitral leaflet is a rare congenital heart disease that occurs isolated and is also
associated with another congenital heart disease. It presents with symptomatic or asymptomatic mitral re-
gurgitation. So far, 21 case reports with this malformation have been reported in the literature. This article
describes two patients with hypoplasia of the posterior mitral leaflet. The first patient is a 59-year-old man
with an accidental finding of posterior mitral leaflet hypoplasia, in whom a conservative approach has been
chosen. The second patient is a 48-year-old man with posterior mitral leaflet hypoplasia and bicuspid aortic
valve, persistent oval foramen, and non-compact cardiomyopathy. This patient has been indicated for car-
diac surgery due to his symptoms.

Uvod

Kazuistika 1

Malformace mitrdini chlopné patfi mezi vzdcné vrozené
srdec¢ni vady, které jsou nejcastéji diagnostikovany jiz v ko-
jeneckém véku. Za nejzavaznéjsi z nich se povazuje uplna
absence predniho nebo zadniho mitrdiniho cipu. Aplazie
zadniho mitralniho cipu je vétSinou fatdlni jiz in utero.
Hypoplazie zadniho mitrdiniho cipu se v détstvi typicky
prezentuje symptomatickou mitrdlni regurgitaci (MR).2
V dospélosti jsou tyto ndlezy vzacné, vétSinou asymp-
tomatické, v literature bylo doposud popsdno 21 kazuis-
tik.*> V nasem ¢lanku popisujeme kazuistiky dvou pacientd
s echokardiografickym ndlezem hypoplazie zadniho mit-
ralniho cipu.

Devétapadesatilety muz, hypertonik, s dosud negativni
kardialni anamnézou byl hospitalizovany na internim od-
déleni pro kolapsovy stav s kratkodobym bezvédomim. Pa-
cient mél dale idiopatickou epilepsii a byl silny kurak. PFi
prijeti jevil zndmky dehydratace a kachexie. Pacient pod-
stoupil kardiologické vysetreni, které vyloucilo kardialni
pficiny synkopy véetné mozné plicni embolie ¢i arytmo-
genni pfic¢iny. Podrobné neurologické vysetfeni bylo také
negativni. Pravdépodobna pficina kolapsového stavu byla
akutni infekce mocovych cest provazena dehydrataci. Pa-
cient byl IéCen standardné antibiotickou terapii a infuzni
terapii pfi dehydrataci.

Adresa pro korespondenci: MUDr. Adéla Kadleckovd, Kardiologicka klinika, 3. lékaiska fakulta Univerzity Karlovy a Fakultni nemocnice Kralovské Vinohrady,

Srobarova 50, 100 34 Praha 10, e-mail: adela.kadleckova@fnkv.cz
DOI: 10.33678/c0r.2020.117

Tento clanek prosim citujte takto: Kadleckovd A, Raluca lonita O, Weichet J, et al. Hypoplazie zadniho mitralniho cipu — myslime na ni? Cor Vasa 2021;63:502-505.



A. Kadleckova et al.

503

Obr. 1-TTE, parasternalni dlouha osa (PLAX), hyploplasticky zadni
mitralni cip (Sipka). AO - aortdlni chlopen; LK - leva komora; LS -
leva sin; PK - prava komora.

Obr. 2 - TTE, PLAX - méné vyznamna mitralni regurgitace (Sipka) pfi
hypoplazii zadniho mitralniho cipu. AO - aortalni chlopen; LK - leva
komora; LS - leva sini; PK - prava komora.

V rdmci komplexniho vy3etreni bylo doplnéno transto-
rakalni echokardiografické vysetieni (TTE). Nahodnym
nalezem byl velmi kratky — hypoplasticky — zadni mitralni
cip (obr. 1), s méné vyznamnou regurgitaci na mitralni
chlopni (obr. 2). Dal$i soucasné postizeni chlopni nebylo
zjisténo, srde¢ni oddily nebyly dilatovany a funkce obou
komor byla normalni. Pacient byl propustén do domaci
péce bez znamek srde¢ni dekompenzace s doporucenim
pravidelné dispenzarizace ambulantnim specialistou vcet-
né pravidelnych echokardiografickych kontrol.

Kazuistika 2

Osmactyricetilety muz s anamnézou operace ductus Botalli
v 17 letech a s vrozenou hypoplazii dvou lalokd levé plice
byl odeslan k hospitalizaci pro primozachyt fibrilace sinf
(FS) a dva tydny trvajici ndmahovou dusnosti, jez odpovida
dle New York Heart Association (NYHA) II. stupni. Byly zjis-
tény i dalsi komorbidity: arterialni hypertenze, exnikotinis-
mus a abuzus alkoholu. Pfi pfijeti mél pacient tachyarytmii,
systolicky Selest s maximem na hroté (5/6) s propagaci do
axily a oslabené dychani vlevo do poloviny plice. Vstupni

EKG pacienta ukazovalo FS s rychlou komorovou odpovédi
(150/min), bez pfitomnosti ischemickych zmén. Laborator-
ni vySetfeni byla v normé, s vyjimkou zvysené hodnoty N-
-terminalniho fragmentu natriuretického propeptidu typu
B (NT-proBNP) (5 303 ng/l), skiagram hrudniku zobrazil vy-
potek vlevo a dilataci srde¢niho stinu.

Za hospitalizace byla doplnéna TTE a nasledné i jicnova
echokardiografie (TEE), s nalezem vyznamné MR pfi pro-
lapsu redundantniho predniho mitrdiniho cipu a hypopla-
zii zadniho cipu (obr. 3-5). Dale byla zjisténa bikuspidalni
aortalni chlopen se stfedné vyznamnou regurgitaci (obr.
6). Velikost a funkce obou komor byla normalni, leva sin
byla dilatovana, bez zndmek trombézy v ousku levé siné
a bylo pfitomno perzistujici foramen ovale (PFO).

Pro pretrvdvaji tachyarytmii nereagujici na bradykar-
dizujici medikaci byla pacientovi provedena v kratké cel-
kové anestezii elektrickd kardioverze (EKV) s UspéSnym
nastolenim sinusového rytmu (SR). Po Upraveé rytmu doslo
k vyraznému zlepseni stavu a pacient byl objedndn elek-
tivné k dalsimu podrobnému kardiologickému vy3etreni.

Tyden od propusténi prichazi pacient znovu pro znam-
ky oboustranné kardidlni dekompenzace, ktera byla
provazena dalsi elevaci hodnot NT-proBNP (6 425 ng/l)

&
Obr. 3 - TTE - PLAX, hypoplazie zadniho mitralniho cipu (Sipka).
AO - aortalni chlopen; LK - leva komora; LS - leva sini; PK — prava
komora.

Obr. 4 - TTE, PLAX, mitralni regurgitace pfi hypoplazii zadniho mi-
tralniho cipu (Sipka). AO - aortalni chlopen; LK - levd komora; LS
- leva sin; PK - prava komora.
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Hypoplazie zadniho mitralniho cipu

Obr. 6 - TEE - bikuspidalni aortalni chlopen (Sipka)

Obr. 7 - Magneticka rezonance, levd komora, kratka osa, obraz
non-kompaktni KMP (Sipka)

v laboratornim vysetfeni a znamkami méstndni v malém
obéhu na kontrolnim rtg snimku. Byla posilena diureticka
medikace a pacientovi byla doplnéna srde¢ni katetrizace.

Koronarografie prokazala prakticky normalini ndlez, dle
ventrikulografie byla funkce LK normaini s EF 60 % a MR
. stupné. Magnetickd rezonance srdce doplnéna v ramci

Obr. 8 - Magneticka
rezonance, dlouha osa
na levou komoru, LVOT,
obraz non-kompaktni
KMP (Sipka). AO -
aortalni chlopen;

LK - leva komora.

komplexniho kardiologického vysetieni popsala také ob-
raz non-kompaktni kardiomyopatie (KMP) (obr. 7, 8).

Nalezy pacienta byly nasledné prezentovany heart tea-
mu naseho Kardiocentra, ktery indikoval nahradu ¢i plas-
tiku mitrdini chlopné, nahradu aortalni chlopné a maze
pro FS v neurgentnim terminu.

Kardiochirurgicky vykon byl proveden pét mésict od pr-
votniho stanoveni diagndzy. Byla provedena nahrada mi-
trdlni (St. Jude Master No. 29) a aortalni (St. Jude Regent
No. 27) chlopné mechanickou protézou a maze. Pooperac-
ni pribéh byl komplikovan pretrvavajici prevodni poru-
chou (pokrocila atrioventrikularni [AV] blokada), ktera si
vyzadala osmy pooperacni den implantaci kardiostimula-
toru (KS) a dale 16. pooperacni den chirurgickou revizi pro
velky perikardialni vypotek s pocinajici tamponddou, pfi
které bylo evakuovano 600 ml sangvinolentniho vypotku.

Dalsi pribéh hospitalizace byl jiz bez komplikaci. P¥i
kontrole ¢tyfi mésice od propusténi z Kardiochirurgické
kliniky je pacient bez obtizi, echokardiograficky od vyko-
nu nadale s dobrou funkci aortalni a mitrdIni mechanické
protézy, se zachovanou systolickou funkci levé komory sr-
decni (LKS), bez recidivy perikardidlniho vypotku.

Diskuse

Vrozena srdecni vada (VSV) je morfologicka anomélie srd-
ce a/nebo velkych cév pfitomna od narozeni. Klinicky se
vsak mUze projevit kdykoliv v prlbéhu zivota.* Odhaduje
se, ze kongenitalni mitrdIni vady tvofi asi 0,4 % ze viech
VSV (dle Banerjee 0,5 %).® Vrozené anomalie mitrdlni
chlopné se vzacné vyskytuji izolované, castéji ale jsou sou-
¢asti komplexnich vad. Malformovany moze byt mitralni
anulus, chlopenni cipy, chordy, nebo papilarni svaly. Nej-
Castéji se vyskytujicimi typickymi vrozenymi anomaliemi
jsou: rozstép predniho cipu mitrdini chlopné, elongova-
ny zavésny aparat chlopné s prolapsem cipu projevujici
se mitrdIni regurgitaci, paddkovitd mitrdini chlopen se
solitarnim papildrnim svalem, zdvojené mitralni Usti, ab-
normalné silné papildrni svaly se zkradcenymi $lasinkami,
popfipadé s uponem svalu pfimo do okraje chlopné ome-
zujicim pohyblivost chlopné nebo supramitralni membra-
na projevujici se priznaky mitralni stendzy.’

Izolovand hypoplazie zadniho mitralniho cipu tak byva
diagnostikovana vzacné, jeji vyskyt viak mize byt podhod-
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nocen.® Nejcastéji se tato anomalie prezentuje jiz v détstvi
symptomatickou MR.? Aplazie mitraIniho cipu je obvykle
neslucitelna se Zivotem a vede k umrti v intrauterinnim i
v ¢asném kojeneckém véku.' Nicméné na zdkladé dostup-
né literatury se zd4, Ze by prevalence hypoplazie zadniho
mitralniho cipu mohla byt u dospélych, dosud asympto-
matickych pacientl vyssi.2 V literatufe bylo doposud uve-
deno 21 kazuistik popisujicich vrozenou anomalii zadniho
mitralniho cipu, jehoZ vyskyt v muzské a Zenské populaci
je identicky (10 : 11). U tfetiny pfipadu slo o kompletné
asymptomatické pacienty, anomalie u nich byla nalezena
pfi rutinnim echokardiografickém vysetfeni.> Némecka
prospektivni studie, které se Ucastnilo 26 484 pacientd, na-
$la prevalenci hypoplazie zadniho mitralniho cipu 1: 8 800,
jednalo se viak o skupinu pacientl se zndmym strukturdl-
nim srde¢nim onemocnénim ¢i s podezienim na né;.?

Geneticky podklad hypoplazie zadniho mitrdlniho cipu
doposud neni znamy, ale v literature je popsan pfipad vy-
skytu u matky a jejich dvou dcer, proto je urcita geneticka
predispozice mozna.®

Stejné tak je s velkou pravdépodobnosti geneticky
podminény i vyskyt hypoplazie zadniho mitralniho cipu
a urcity dalsi typ srde¢ni abnormality.’ Nejcastéji je po-
pisovana koincidence s bikuspidalni aortalni chlopni, 20"
s defektem septa sini (DSS)>'>'3 ¢i non-kompaktni KMP.?
U jednoho pacienta byl soucasné pfitomen WilliamsGv
syndrom." Vzhledem k malému souboru pacientd vsak
neprobéhlo podrobnéjsi genetické dovysetreni.®

Doposud byl v literatufe uveden jeden pfipad pacienta
s echokardiografickym ndlezem nejen hypoplazie zadniho
mitralniho cipu, ale i bikuspidalni aortalni chlopni a obrazem
non-kompaktni KMP.2 TaktéZ u naseho pacienta se obje-
vila tato vrozena anomadlie. Navic uvddime u tohoto pa-
cienta i dalsi vrozenou patologii, a sice Botallovu ducej
a hypoplazii dvou lalokl levé plice. Toto sdruzené posti-
zeni dle nasich znalosti dosud nebylo popséano.

U pacientd s hypoplazii zadniho mitralniho cipu hod-
notime predeviim vyznamnost regurgitace na mitrdlni
chlopni, kterd je velmi ¢asto v dUsledku dilatace prsten-
ce a prolapsu predniho mitralniho cipu.? Od vyznamnosti
MR se nasledné odvijeji i doprovodné symptomy (dusnost,
kasel, cyandza, palpitace ¢i bolesti na hrudi). Pacienti mo-
hou byt ale i asymptomaticti.? Pokud se jedna o sympto-
matickou mitrdIni vadu, je indikovan operac¢ni vykon na
mitrdIni chlopni dle aktualnich doporuceni.’™"

U pacientt s MR je obecné preferovana mitrdlni val-
vulopastika pred nahradou chlopné, protoze zachovava
subvalvularni aparat a geometrii levé komory, a tim i jeji
funkci.’® Kromé toho je spojena s nizsi mortalitou a je sni-
Zen vyskyt komplikaci spojenych s chlopenni néhradou,
jako jsou tromboembolismus a krvacivé komplikace sou-
visejici s antikoagulaci.” U pacientd s hypoplazii zadniho
cipu jde o technicky naro¢néjsi vykon s hare predikovatel-
nou Uspésnosti, a tak je rozhodnuti mezi plastikou chlop-
né a nahradou vzdy individudlni.?

Zavér

Hypoplazie zadniho mitralniho cipu je vzacna vrozena sr-
decni vada, kterd se vyskytuje izolované, ale i ve spojitosti
s jinou vrozenou srde¢ni vadou. Manifestuje se sympto-

matickou ¢i asymptomatickou mitrdlni regurgitaci. Kar-
diochirurgickd léc¢ba se Fidi u symptomatickych pacientt
dle aktudlnich doporuceni pro lécbu chlopennich vad.'"’
Prognéza asymptomatickych pacientd neni jasna. Lze ale
predpokladat postupné zhorSovani vyznamnosti MR s pfi-
byvajicim vékem, nejcastéji v disledku dilatace prstence
mitrdIni chlopné.! Pacienti s touto abnormalitou by proto
méli byt dusledné sledovéni a v pfipadé progrese mitral-
ni vady a symptomUd ma byt indikovan kardiochirurgicky
vykon. 1517
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Sarkomy jsou nadorova onemocnéni mékkych tkéni se zadvaznou progndzou. V pfipadé postizeni myokardu
se jedna castéji o onemocnéni sekundarni pfi jiném zékladnim onemocnéni. Vyvoj onemocnéni pacienta je
dan zakladni diagnézou a hemodynamickym dopadem intrakardialniho Sifeni nddoru. Prezentujeme pfipad
mladé pacientky se zavaznou mitrdIni stendzou zpusobenou obstrukci chlopenniho Usti masou metastatic-
kého tumoru. Kardidlni postizeni bylo vedlejSim nalezem pfi kontrolnim CT vysetreni.

© 2021, CKS.

ABSTRACT

Sarcomas are soft tissues’ malign tumors with a severe prognosis. In the case of myocardial disease, it is more
often a secondary disease accompanying other primary disease. The development of the patient’s disease is
determined by the basic diagnosis and hemodynamic impact of intracardiac tumor spread. We present a case
of a young patient with severe mitral stenosis caused by valve obstruction with a metastatic tumor mass.
Cardiac deficiency was a secondary finding during a follow-up CT scan.

Uvod

Nadory srdce se déli na nadory primdrni a sekundarni. Pri-
marni tumory srdce jsou vzacné. Priblizny vyskyt primar-
nich kardialnich nddoru je 0,02 %, coz odpovida 200 na-
dordm na 1 milion pitevnich nalez(.! Ve vétsiné pfipadu se
jednd o nadory benigni, nejcastéjsi jsou myxomy rostouci
do dutiny levé siné. Maligni primarni tumory zastupuji
predevsim sarkomy (leiomyosarkom, synovidlni sarkom,
epitelidlni sarkom).? Afekce srdce sekundarnimi nadory
je zplsobena budto lokalnim Sifenim tumoru, nebo me-
tastazovanim. Sekunddarni naddory maji asi 20-40x vétsi
incidenci nez tumory primarni, bez ohledu na pohlavi se
jednd o karcinomy plic, karcinomy horniho gastrointesti-
ndlniho traktu a lymfomy.? PostiZzeni srdce metastatickym

leiomyosarkomem je vzacné, mnohem cetnéjsi je postizeni
plic.* Obvykle se jednd o pfitomnost nddorové masy v sr-
decnich dutinach, nicméné pacienti se mohou prezentovat
perikardidlnim nebo pleuralnim vypotkem. Klinicky nej-
Castéjsi znamkou intrakardialniho tumoru je progresivni
dusnost.*> Nase kazuistika popisuje pripad ndhodného na-
lezu postizeni srdce metastdzou leiomyosarkomu délohy.

Popis pripadu

Prezentujeme pfipad 47leté pacientky s nddorovym one-
mocnénim délohy, doposud bez zndmé kardialni anamné-
zy. V Cervnu roku 2018 pacientka podstoupila hysterek-
tomii a bilaterdIni salpingektomii pro suspektni objemny
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Obr. 1 - Transtorakalni echokardiografie znazoriujici tumor vypl-
fujici levou srdedni sifi s rozméry 45 x 37 mm castecné obturujici
mitralni usti

Obr. 2 - Prouzky prevazné virovité usporadané vietenobunécné po-
pulace nadorové tkané fokalné s pfitomnosti nekrdz, s pritomnosti
cetnych mitdz, poctem prevysujicich 15 mitéz na 10 HPF. Nadorové
struktury byly v imunohistochemickém prikazu pozitivni v prikazu
vimentinu, CD10 a h-caldesmonu, proliferacni aktivita v Ki67 do 30 %.

{8

Obr. 3 - (A) CT hrudniku s nalezem rozsahlého tumorézniho postizeni levé plice (cervena Sipka) s infiltraci mediastina a propagaci do levé sr-

myom délohy, ovaria byla ponechéna in situ. Histologicky
se jednalo o high grade leiomyosarkom délohy. Pacientka
proto ddle absolvovala adjuvantni chemoterapii doxo-
rubicinem a radioterapii. Po roce bylo u této pacientky
v ramci ambulantni kontroly provedeno CT hrudniku s na-
lezem rozsdhlého tumordzniho postizeni levé plice s in-
filtraci mediastina, vedlejsim nalezem byl nejasny utvar
vypliujici levou sifi srdecni. Pfi transtorakalni echokardio-
grafii byl nalezen objemny tumor vyplnujici levou srdecni
sift s rozméry 45 x 37 mm ¢aste¢né obturujici mitralni usti
(obr. 1). Byla provedena punkce loZiska levé plice pod CT
kontrolou. Histologicky byla potvrzena suspekce na me-
tastatické postizeni primarnim nadorovym onemocnénim
z gynekologické oblasti (obr. 2). V této dobé byla pacient-
ka témér asymptomaticka.

Béhem obdobi dvou tydnu se stav nemocné zhorsil
a dodlo k progresi symptom, pro kterou byla pfrijata
k hospitalizaci. Vstupné klidové dusna, hyposaturovana,
se sinusovou tachykardii. Bylo provedeno CT hrudniku,

1 MV Vmax
MV Vmean

2.68 m/s|
2.05 m/s|

MV maxPG 28.82 mmHyg|
MV meanPG 18.73 mmHyg|
MV VTI

Obr. 4 - Prolaps tumoru do levé komory zptsobil vyznamnou mi-
tralni stenézu s PG__ 29/19 mm Hg. PG__ - dopplerovsky mé-
feny maximalni pratokovy gradient; PG __ - dopplerovsky méreny

stfedni pritokovy gradient.

mean

i % S~ /
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které prokdazalo progresi tumoru levé plice s patrnym
prorustanim do levé i pravé sing, dale fluidothorax s utla-
kem dolniho laloku levé plice (obr. 3). Echokardiografické
vysetfeni ozfejmilo prolaps intrakardialniho tumoru do
levé komory, coz vedlo k tézké stendze mitrdiniho Usti se
sekundarni vyznamnou trikuspiddlni regurgitaci a tézkou
plicni hypertenzi (obr. 4).

Po konzultaci multidiscplindrniho tymu sloZzeného
z kardiochirurga, plicniho lékafe a onkologa bylo u pa-
cientky kontraindikovdno chirurgické odstranéni tumo-
ru. Nemocné byl podan I. cyklus paliativni chemoterapie
— gemcitabin + docetaxel. BEhem dvou dnu vsak dochazi
k dekompenzaci srde¢niho selhani. Vzhledem k nepfi-
znivé progndéze onkologického onemocnéni jsme déle in-
dikovali pouze symptomatickou péci. Pacientka zemrela
na kardiogenni Sok pfi obstrukci mitralniho usti masou
metastatického leiomyosarkomu rok a pUl od primarni
diagnézy naddorového onemocnéni a pfiblizné pét tydnu
od nalezu sekundarniho postizeni srdce a plic.

Diskuse

Sarkomy mékkych tkani, mezi které radime i maligni né-
dory délohy, jsou pomérné vzacnou skupinou nadorovych
onemocnéni, kterd predstavuji asi 2 % viech malignit.
Tyto vzacné tumory jsou vétsinou biologicky velmi agre-
sivni. Za hlavni rizikové faktory je povazovan vék mezi 40
a 60 lety, absolvovani radioterapie a dlouhodobé uzivani
tamoxifenu u pacientek s karcinomem prsu.”

Obecné je metastatické postizeni srde¢niho svalu di
osrde¢niku nachazeno v sekénich nalezech asi u 10-20 %
zemfelych s malignim onemocnénim. Casto se intrakar-
didlni metastazy nemuseji nijak klinicky projevit, mnohé
z nich jsou diagnostikovany az posmrtné. K sekundarni-
mu postizeni srdce malignim tumorem dochazi bud' pfi-
mym prorastanim tumoru, hematogenni, ¢i lymfatickou
diseminaci. V naSem pfipadé se jednalo o proruastani plic-
ni metastazy leiomyosarkomu do levé, pozdéji i pravé sr-
decni siné. Prestoze nebyl samotny intrakardialni tumor
histologicky vysetren, |ze jej povazovat za metastazu leio-
myosarkomu délohy pro navaznost na plicni proces, ktery
byl histologicky verifikovany jako maligni nador z bunék
hladké svaloviny.

Klinickd manifestace primarnich ¢i sekundarnich na-
dorovych onemocnéni vyplyva nejen z biologické povahy
onemocnéni ale také z hemodynamického dopadu lokal-
niho Sifeni, stejné jako v nasem pripadé. K castym kom-
plikacim patfi systémové embolizace, rozvoj srdecniho
selhani, vyskyt arytmii, i nahla srdecni smrt.

Vzhledem k raritnimu postizeni srdce sarkomy nenf
zndmo jednoznacné doporuceni pro lécebny postup.
Obecné je nejucinnéjsi terapii srdecnich tumort chirurgic-
ka resekce.®? Radikalni chirurgicka resekce tumoru zvysu-
je medidn preziti proti ¢aste¢né resekci nebo pfipaddim,
kdy chirurgickou resekci nebylo mozno provést.’ V nasem
pripadé byl pacientce kontraindikovan chirurgicky vykon
pro nepfiznivou prognézu pokrocilého onkologického
onemocnéni a vysoké riziko zavaznych komplikaci pfi
pokusu o exstirpaci takto rozsahlého tumoru. Po doho-
dé multidisciplinarniho tymu bylo zvoleno podani palia-
tivni chemoterapie.

Zavér

| pfesto, Ze se jednd o ojedinély pripad postizeni srdce
pravé leiomyosarkomem, chtéli bychom poukdzat na nut-
nost Casného dosetreni jakéhokoliv nejasného intrakar-
didlniho loZiska zjisténého pfi restagingovém CT vyset-
feni ¢i pfi echokardiografickém vysetfeni z jiné indikace.
Vzhledem k lokalizaci a moznosti rychlé progrese muze
dojit i u asymptomatickych pacientt k rychlému rozvoji
pravé hemodynamickych komplikaci, které jsou ndmi po-
psany.
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Cor triatriatum sinister (CTS) patri k zriedkavym vrodenym srdcovym anomaliam. Zvycajne je lava predsien
rozdelend membranou, ktora brani pritoku krvi cez plucne Zily k mitralnej chlopni a spsobuje klinické pri-
znaky ako u mitrdlnej stendzy s pltcnou kongesciou a pltcnou hypertenziou. Najlepsim spdsobom liecby je
chirurgické odstranenie membrany, ale je mozna aj katetriza¢na intervencia. V nasom prispevku uvadzame
pripad pacienta s vrodenou anomaliou CTS, u ktorého sme Uspesne, katetrizacne balénom dilatovali steno-
ticky otvor v membrane s priaznivym hemodynamickym a klinickym vysledkom.

© 2021, CKS.

ABSTRACT

Cor triatriatum sinister (CTS) is a rare cardiac congenital anomaly. Left atrium is separated by the membrane
which is the cause of obstruction in blood flow from pulmonic veins to mitral valve, and mimicks the clinic
manifestation of mitral stenosis with pulmonic congestion and pulmonary hypertension. Surgical resection
of the membrane is the best option, but there is also possibility of transcatheter intervention. We here pre-
sent the patient with the anomaly of CTS, who underwent cardiac catheterization and successful balloon

Transcatheter intervention

Uvod

Cor triatriatum je zriedkavd vrodena srdcovd anomdlia,
ktora sa vyskytuje u 0,1-0,4 % pacientov s vrodenymi srd-
covymi chybami.” Zvy¢ajne pozorujeme rozdelenie pravej
alebo lavej predsiene fibromuskuldrnou membranou na
dve dutiny. M6Zu sa pridruzit aj dalSie anomdlie s parcidl-
nym alebo Uplnym vustenim plucnych zZil do pravej pred-
siene alebo do izolovanej dutiny, oddelenej od lavej pred-
siene.? Najcastejsie sa vyskytujucou formou je membranou
rozdelena lava predsien (LP) na dve dutiny — horna komu-
nikuje s plucnymi zZilami a uskom a dolna je uzatvdrana
mitrdlnou chlopriou. Pomer velkosti tychto dutin je rézny,
rovnako ako velkost otvoru, ktorym preteka krv z hornej
do dolnej dutiny a cez mitrdlnu chlopriu do lavej komory.
Ak spajajuci otvor spbsobuje obstrukciu, a brani tak pri-

dilatation of the orifice in the membrane with positive haemodynamic and clinical result.

toku krvi cez pltcne Zily do dolnej ¢asti LP, nastupuju he-
modynamické prejavy ako pri mitrdlnej stendze, s konges-
ciou v plucnom riecisku a rozvojom plucnej hypertenzie.
Liecebnym rieSenim je chirurgicka resekcia membrany, ale
boli popisané ojedinelé pripady s uspesnou transkatétro-
vou liecbou u deti aj dospelych.>>

Popis pripadu

Sestdesiatdevatro¢ny pacient mal diagnézu CTS ambulant-
ne potvrdenu echokardiografickym vysetrenim v 35. roku
zivota. V tom case nemal Ziadne tazkosti, preto odmie-
tal kardiochirurgicku lie¢bu. Prvy prejav srdcovej slabosti
s paroxyzmom fibrilacie predsieni a malymi pleuralnymi
vypotkami mal chory po ture vo Vysokych Tatrach vo veku
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Obr. 1 - Transtorakalna echokardiografia u cor triatriatum sinister
s predelenim lavej predsiene fibromuskularnou membréanou. Ao -
aorta; LK - lavad komora; LP1 - horné ¢ast lave] predsiene; LP2 - dol-
nd Cast lavej predsiene, Sipky oznacuju dva otvory v premostujlcej
membrane; PK - prava komora.

38 rokov. Diuretickou liecbou a pokojovym rezimom bol
klinicky stav zvladnuty s vymiznutim pleuralnych vypot-
kov a navratom sinusového rytmu. Pacient dobre tole-
roval beznd namahu, preto nadalej odmietal operacné
rieSenie. V dalSom priebehu sa pridruzila Bechterevova
choroba s pozitivitou antigénu HLA-B27 s urologickymi
a vertebrogénnymi prejavmi. Desat rokov od stanovenia
diagndzy CTS zacala namahova dychavica pri permanent-
nej fibrilacii predsieni s ordinovanou diuretickou a anti-
koagula¢nou liecbou. Napriek naliehaniu ambulantného
kardioldga, aj po konzultacii na naSom pracovisku v tom
Case, nadalej odmietal operaciu srdcovej chyby.

Pacienta sme vy3etrili na nasej klinike v marci 2020.
Transtorakdlna echokardiografia potvrdila CTS s dilato-
vanou LP predelenou fibroticky zhrubnutou membrénou
na dve priblizne rovnaké casti (obr. 1). Zobrazili sa dve
fenestracie s restrikénym prietokom a strednym gradien-
tom 7 mm Hg meranym kontinualnym dopplerovskym
vysetrenim (CWD). Lavd komora nebola dilatovand, mala
hrani¢nu systolicku funkciu s ejek¢nou frakciou 45-50 %.
Pritomna bola stredne zavazna mitrdlna a trikuspidalna
regurgitacia, dilatované pravé srdcové oddiely s dysfunk-
ciou pravej komory a tazkou plucnou hypertenziou,
systolicky tlak v plucnici (PASP) bol 103 mm Hg pri CWD
vysetreni. Zistili sme aj maly perikardovy vypotok. Transe-
zofagovd echokardiografia (TEE) potvrdila dva otvory
o priemere do 1 cm v membrdane prie¢ne rozdelujucej LP.
Nasledovala katetrizacia srdca s potvrdenim tazkej pltc-
nej hypertenzie - invazivny tlak v plucnici bol 93/26/54
mm Hg, koronarografia bola negativna. Pacient po vyko-
nanych vysetreniach suhlasil s opera¢nym rieSenim, ale na
kardiochirurgickom seminéari bol kontraindikovany pre
velmi vysoké operacné riziko. Prepustili sme ho do do-
macej liecby s ivahou o mozZnosti perkutannej katétrovej
intervencie s baldnovou dilataciou jedného z otvorov pre-
delujucej membrany v LP.

Pripravu na katetriza¢ny zakrok odsunuli opatrenia
v suvislosti s pandémiou virusu COVID-19 o niekolko me-

Obr. 2 - Pocitacova tomografia zobrazujuca cor triatriatum sinister
s dvoma dutinami v LP oddelenymi membranou. Ao - aorta; LK -
[ava komora; LP1 - hornd cast lavej predsiene; LP2 — dolna Cast lavej
predsiene, Sipka oznacuje ciastocne skalcifikovanu fiboromuskularnu
membranu; PK — prava komora; PP — prava predsien.

siacov. Ambulantne sme doplnili vySetrenie pocitacovou
tomografiou, ktoré tiez ukazalo LP rozdelenu na dve du-
tiny s fenestraciami a normalne vustenie vietkych Styroch
plucnych zil do hornej dutiny nad membrdnou — anomal-
ne vustenie tak bolo vylucené (obr. 2).

Nakoniec sme chorého znovu prijali na nase pracovis-
ko v oktdbri 2020. IntenzivnejSou diuretickou lie¢bou sa
zmiernili prejavy kardidlnej dekompenzacie (Ustup pleu-
ralnych vypotkov, ascitu, opuchu pecene a dolnych kon-
catin). Planovali sme katetriza¢ny zakrok v celkovej ane-
stézii, ale stuhnutd chrbtica pri Bechterevovej chorobe
znemoznila dostato¢ny zdklon hlavy a tym aj zavedenie
dychacej kanyly do priedusnice anesteziolégom. Prizva-
ny pneumolég, o dva dni neskoér, kanyloval priedudnicu
pomocou fibrobronchoskopu. Nasledovala 3tandard-
nd punkcia pravej femoralnej zily s umiestnenim posvy
o priemere 14 F (1 French = 0,33 mm). Invazivny tlak sme
monitorovali z ascendentnej aorty katétrom ,pigtail”
hrabky 5 F zavedenym cez pravu radidlnu tepnu.
Transseptalnu punkciu z PP do LP sme urobili Brocken-
broughovou ihlou pod TEE kontrolou, v ¢asti septa nad
membranou, do hornej dutiny LP. Pomocou Mullinovho
transseptdlneho katétra sme umiestnili vodi¢ Amplatz
Super Stiff J hrabky 0,035” palca (0,89 mm), dlzky 260
mm, do lavej pltucnej Zily v snahe nestratit punkéné mies-
to. Druhy 3tandardny J vodi¢ rovnakej hrubky a dlzky
sme dali do uska LP. Potom nasledovala vymena Mulli-
novho katétra za diagnosticky 6F Judkinsov pravy koro-
ndrny katéter. Nasondovali sme jeden z otvorov, ktory
bol blizsie pri predsieiovom septe pod TEE kontrolou
a Standardny ,J” vodic presiel potom dalej cez mitrél-
nu chlopriu do lavej komory. Pravy koronarny katéter
sme vymenili za balénovy katéter firmy Edwards s prie-
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Obr. 3 - Angiograficka rontgenova snimka zobrazujica dilataciu
balénom v otvore membrany blizSom k interatridlnemu septu. Za-
rezy na baléne spésobené odolnostou membrany oznacuju Sipky.

Obr. 4 - Transezofagova echokardiografia zobrazuje dilataciu balé-
nom v otvore membrany LP. B - balén rozvinuty v otvore membra-
ny; LP1 - horna cast lavej predsiene; LP2 - dolna cast lavej predsie-
ne; PP — prava predsien.

merom 2,5 cm a dl2kou 4 cm (maximalny povoleny tlak
7 atm). Pocas dilatacie zaskrtenie na baléne, spdsobené
odporom ¢iasto¢ne skalcifikovanej membrany, povolilo
az po dotoceni piestu striekacky na maximum, ako to
mé&zeme vidiet na obrazku 3. Umiestnenie nafuknutého
baléna je dobre zobrazené aj pomocou TEE na obrdzku
4. Pévodny 1cm priemer otvoru sa po dilatacii zvadsil na
2 cm. Stredny tlakovy gradient merany CWD medzi obo-
ma dutinami LP klesol zo 7 mm Hg na 3,7 mm Hg. Vykon
sme ukoncili vytiahnutim katétrov a oSetrenim punk-
¢nych miest v pravej stehnovej zile ,Z" stehom a v prave;j
radidlnej tepne kompresivnym naramkom. Pacient bol
prepusteny z nemocnice na 4. deri po vykone. V priebe-

hu dalSieho mesiaca mohol znizit diuretickd liecbu na
tretinu pévodnej davky (furosemid zo 125 mg na 40 mg
denne per os) a ustupila mu nielen pokojova dychavica,
ale aj ndmahova pri chédzi po rovine. Nastalo zlepsenie
funkénej triedy z NYHA IV na NYHAIII.

Diskusia

Vrodena srdcova chyba CTS sa vyskytuje velmi zriedka.
V subore pacientov z Mayo kliniky v priebehu 50 rokov
popisuju autori iba 25 takychto pripadov — vietci boli lie-
Ceni kardiochirurgickym zdkrokom.? V naSom ustave sme
riesili prvy takyto pripad. MozZnost transkatétrovej liecby
sa uvadza v literature od roku 1996 s dobrymi vysledka-
mi u deti aj dospelych.® Dilatacia sa uskuto¢nila pomocou
jedného alebo dvoch balénov, doslo pritom k rozsireniu
otvoru alebo Uplnému rozruseniu membrany.' V nasom
pripade sa podarila iba dilatdcia otvoru na dvojnasobok
vo vyrazne zhrubnutej az skalcifikovanej membréne bez
jej roztrhnutia.

Cor triatriatum méze mat membranu v pravej alebo
v lavej predsieni. Anatomicky sa klasifikuje na cor tria-
triatum typ A — bez pridruzenych anomalii (nas pripad),
typ A1 s defektom predsiefiového septa (ASD) v proxi-
malnej dutine (50 %), typ A2 — ASD v distalnej dutine
(10 %), typ B — drendz plucnych zil do koronarneho si-
nusu (1 %) a typ C - s totdlnou anomalnou plucnou
drendzou s 5% vyskytom.” Uvedeny pacient s CTS bol
az do dospelosti asymptomaticky, preto srdcovd chyba
bola dlho nepoznand. Aj v literature je opisany nahod-
ny echokardiograficky ndlez CTS u 6-ro¢nej pacientky
s asymptomatickym priebehom, ktord ostala v sledo-
vani a zakrok sa planuje az v pripade symptémov.®
Dlho odkladany opera¢ny vykon u ndsho pacienta
mal vsak véazne hemodynamické nésledky s obojstran-
nym kardialnym zlyhanim a tazkou plucnou hyperten-
ziou. Standardnym postupom je kardiochirurgicka lie¢-
ba, v poslednych rokoch sa viak Uspesne uplatriuje aj
transkatétrova liecba tejto zriedkavej vrodenej srdco-
vej chyby u deti aj dospelych.*591°

Zaver

Katétrova lie¢ba CTS s balénovou dilataciou je vhodnou
alternativou kardiochirurgickej operacie, ak su priazni-
vé anatomické podmienky. Popisovany pripad CTS typ A
s pokrocilym klinickym ndlezom, prejavujucim sa kardial-
nou dekompenzdaciou a tazkou plucnou hypertenziou,
sme Uspesne vyriesili perkutannou katétrovou intervenci-
ou. Rozsirenim jedného z otvorov balénom v membrane
rozdelujucej LP na dve casti nastal pokles stredného gra-
dientu medzi nimi takmer na polovicu a doslo k zlepseniu
klinického stavu pacienta.
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Rekonstrukce aortomitralni kontinuity u infekcni
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Kazuistika prezentuje pfipad 53letého pacienta po mitrdlni plastice s nékolik mésicd trvajicimi nespecific-
kymi obtizemi charakteru zvysené teploty, Ubytku hmotnosti a bolestmi zad. Po ischemické cévni mozkové
pfihodé bylo provedeno echokardiografické vysetieni, které odhalilo vyprazdnény perianularni absces aor-
talni chlopné. Pri dalsim sledovani doslo k progresi nemoci s postizenim aortomitralni kontinuity. Tato forma
onemocnéni patii mezi vzacné manifestace infek¢ni endokarditidy. Pacient podstoupil chirurgicky vykon
na nasem pracovisti za uziti modifikované procedury Commando. Byl implantovan aortalni homograft se
zachovanym piednim cipem mitralni chlopné, coz umoznilo kompletni resekci postizené tkané a implantaci
mitralni bioprotézy. Pri postizeni centralniho fibrézniho télesa jsou aortalni homografty vhodnou formou
néahrady aortalni chlopné bez pouziti umélého materialu.

© 2021, CKS.

ABSTRACT

We introduce a case of a 53-year-old male after mitral valve repair presenting with fever, weight loss and
spinal pain during several months. After admission for ischemic stroke a transoesophageal echocardiogra-
phy proved an evacuated periannular abscess of aortic valve. At next examination a disease progression was
detected with involvement of aortomitral continuity. This form of disease is a rare manifestation of infective
endocarditis. The patient was referred to operation using modified Commando procedure technique. An
aortic homograft was implanted with preserved anterior mitral leaflet which allowed a complete resection
of infected tissue and anchoring of mitral bioprosthesis. In case of central fibrous body impairment aortic
homografts are an appropriate form of aortic valve replacement eliminating use of artificial material.

Uvod

vana jako misto, kde se potkavaji atrioventrikuldrni chlop-
né s membrandéznim septem a vazivovou komponentou

AZ 50 % pacientd postizenych infekéni endokarditidou
(IE) vyZaduje operacni feseni.' Kazda operace ma dva pri-
marni cile: kompletni odstranéni infikované tkané, ktera
muze byt v dal$i dobé zdrojem recidivy infekce a znovuna-
stoleni hemodynamicky pfiznivé morfologie rekonstrukci
nebo ndhradou postizené chlopné.? V pfipadé postizeni
chlopné je primarni snahou chirurga jeji zachovani za vy-
uziti rdznych technik (débridement, perikardialni zaplaty,
neochordy atd.), ale v mnohych ptipadech takovy pfistup
mozny neni.

Jednou ze vzacnych forem IE je postizeni centrdlniho
fibrézniho télesa (IFB). Tato oblast vazivové tkané zasahu-
je do tfi ze Ctyr srdecnich dutin a je nejlépe charakterizo-

aortdlniho korene.? Pfedni cip mitrdini chlopné (AML) se
nachazi v pfimé vazivové kontinuité s levym a nekoro-
narnim cipem aortalni chlopné a formuje tzv. aortomit-
rélni ,zaclonu” (aortic-mitral curtain) ohrani¢enou levym
a pravym fibréznim trigonem, které ukotvuji valvularni
aparat do svaloviny myokardu.*

Postizeni téchto komponent infekénim procesem patfi
mezi nejzavaznéjsi projevy IE a jejich lécba vyzaduje pou-
ziti komplexnich kardiochirurgickych technik.

Poprvé byla provedena nahrada mitrdlni a aortalni
chlopné s rekonstrukci IFB za pouziti dacronové zapla-
ty v Toronto General Hospital v roce 1980. Tento zdkrok
byl jednim z asistentd nazvan jako ,,UFO procedure” pro
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(Cervena sSipka vpravo)

Obr. 2 - Vegetace na AML (¢ervena Sipka vlevo) a obraz mitralni regurgitace v 3D projekci na TEE

Obr. 3 - Incize aorty a stropu levé siné (oranzova prerusovana ¢ara,
incize vedena pod SVC). IVC - dolni dutd Zila; LPV - levé plicni Zily;
PA - plicni arterie; RV - prava komora; RA - prava sini; SVC - horni
duta zila.

podobnost prozitku ze zhlédnuti daného vykonu s pozo-
rovanim mimozemského objektu.> Dnes je rovnéz zndma
jako ,Commando procedure”.

V kazuistice uvadime pfipad postizeni IFB infek¢nim
procesem feseny modifikovanou verzi operace Comman-
do na nasem pracovisti.

Obr. 4 - Pohled pres otevieny strop levé siné (horni duta Zila neni
zobrazena). Provedena excize aortalniho kofene s izolaci koronar-
nich tepen spolu s excizi mitralni chlopné. LCA - leva koronarni
tepna; MA - mitralni anulus; RCA - prava korondrni tepna; ¢ervené
Sipky — fibrézni trigona.

Popis pripadu

Muz, 52 let, ktery ve 46 letech prodélal implantaci mit-
ralniho anuloplastického prstence a neochord miniinva-
zivnim pfristupem. Pacient podstoupil opakované pokusy
o elektrickou kardioverzi a radiofrekvencni ablaci plicnich
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Obr. 5 - Implantovana mitralni bioprotéza, pfipraven aortalni ho-
mograft spolu s pfednim cipem mitralni chlopné. AH - aortalni ho-
mograft; d-AML - darcovsky predni cip mitralni chlopné; MBp - mi-
traIni bioprotéza.

Obr. 6 - Perioperacni nalez na mitralni biochlopni (vlevo) a aortalnim homograftu (vpravo) na TEE

zil pro dlouhodobé perzistujici fibrilaci sini. Za Sest let od
operace byl vysetfen pro bolesti hrudni patere a subfebri-
lie. Opakované byly zjisténé zvySené hodnoty zanétlivych
markerl, bez zachytu infekéniho fokusu. V pribéhu po-
slednich tfi mésicl pacient necilené zhubl 10 kg a trpél
castym nechutenstvim.

Priblizné tfi mésice od vzniku potizi ptichazi paci-
ent pro nahly vznik dysartrie. Z laboratornich vysetre-
ni byla zjisténa mirnd elevace kreatininu (114 pmol/l),
troponinu T (16 ng/l) a C-reaktivniho proteinu (CRP)
(46,1 mg/l). Patrna byla hypochromni anémie bez leu-
kocytdzy, zvysena hodnota fibrinogenu a terapeutic-
ky neucinnd hodnota INR (1,45). Na CT mozku byla
potvrzena ischemie v povodi arteria cerebri media vle-
vo. Pacient byl hospitalizovan s doporucenim pfevodu
z warfarinu na nizkomolekuldrni heparin a dosetreni
potencialné probihajiciho infekéniho nebo maligniho
procesu (Ubytek hmotnosti, nechutenstvi, dlouhodoba
elevace CRP).

Byl proveden soubor vysetfeni k detekci infekéniho fo-
kusu spolu s hemokulturami bez zachytu patologie. On-
komarkery, ASLO, quantiferon a test na okultni krvaceni
ve stolici byly s negativnim vysledkem. Déle bylo prove-
deno transtorakalni echokardiografické vysetfeni (TTE)
s nalezem dilatace srdecnich oddill, bikuspidalni aortalni
chlopné s hrani¢né vyznamnou stenézou a nevyznamnou
regurgitaci. Na ndasledné transezofagedlni echokardio-

grafii (TEE) byl zjistén vyprazdnény perianularni absces
aortalni chlopné (AoV) komunikujici s vytokovym traktem
levé komory (obr. 1). U pacienta bylo indikovdno opera¢-
ni feseni s planovanym odlozenim vzhledem ke stabilni-
mu stavu a recentné prodélané ischemické cévni mozkové
pfihodé (iCMP).

PFiblizné mésic od vzniku prvnich neurologickych pfi-
znakt bylo provedeno TTE, které ukazalo progresi lokal-
niho ndlezu. Rovnéz byla zjisténa mitradlni regurgitace
2.-3. stupné a vegetace 10 x 13 mm na AML. Doplnéné
TEE potvrdilo nalez vegetaci na aortdlni a mitralni chlop-
ni (obr. 2). V souladu s doporucenim antibiotického stre-
diska byla nasazena antimikrobialni terapie (vankomycin
+ gentamicin).

Tyden po prekladu do naseho centra podstoupil pa-
cient operaci. Cestou medialni sternotomie byla vyprepa-
rovdna a kanylovana aorta a obé duté zily. Bikavalni zilni
kanylace k zavedeni totdlniho kardiopulmonalniho by-
passu je standardem pfi levostranné a i casté pravostran-
né atriotomii (v pripadé transseptalniho pristupu) u tak
rozsahlého vykonu.® Po podani cilené antegradni kardio-
plegie (modifikovany roztok Del Nido) byla z pfi¢né aor-
totomie nad sinotubuldrni junkci zpfistupnéna aortalni
chlopen. Z podélné levostranné atriotomie v Sondergaar-
dové linii byla ozfejména mitralni chlopen (MiV). Néalez
odpovidal stavu po prodélané infek¢ni endokarditidé t.c.
bez znamek aktivni infekce, bez nédlezu vegetaci, aviak
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s extenzivnim postizenim intertrigondlni oblasti. Byl zjis-
tén dvoudutinovy absces zasahujici od zadniho po pfedni
trigonum. Byla provedena excize aortalni chlopné spolu
s kofenem aorty a vytvorenim tercikl koronarnich tepen
pro pozdéjsi reimplantaci. Nasledné byl otevien strop
levé siné pro expozici aortomitrdini kontinuity (obr. 3).
Tézké fibrotické zmény neumoznovaly zachovani AML.
Byl explantovdn anuloplasticky prstenec a excidovan AML
a ¢ast zadniho cipu (PML; obr. 4). Vzorky explantatt byly
odeslany na mikrobiologické vysetfeni a polymerazovou
retézovou reakci (PCR). Po odstranéni vsech infikovanych
tkani bylo pristoupeno k vlastni rekonstrukci.

Byla provedena implantace mitralni bioprotézy Car-
pentier-Edwards Perimount Plus 29. Zadni obvod byl
ukotven jednotlivymi podloZzkovymi U-stehy do zachova-
né tkané mitralniho anulu. Poté, pro kompletni absenci
AML a IFB, byl nejdfiv implantovadn jednotlivymi stehy
aortalni homograft — v tomto pripadé specidlné pripraven
pro rekonstrukéni vykony, byl dodan se zachovanym dar-
covskym AML a casti stropu levé siné (obr. 5). Homograft
byl nasit jednotlivymi stehy od predniho po zadni fibroz-
ni trigonum a poté byla aortomitrdini kontinuita zrekon-
struovana ukotvenim homograftu do zbylého obvodu
mitrdIni protézy. ProtoZe strop levé siné nebyl postizen,
bylo mozné jej uzavfit pfimou suturou. Koronarni tepny
byly reimplantovany do homograftu a ten byl napojen na
ascendentni aortu.

Na periopera¢nim TEE byl zjistén pfiznivy nalez bez re-
gurgitace na mitralni protéze a pouze se stopovou regurgi-
taci na aortadlnim homograftu (obr. 6). Z odeslanych tkani na
mikrobiologické vysettfeni nebyl zachycen Zadny patogen.

Pacient byl probuzen do plného védomi a extubovan
po péti hodinach. Nadale pokracovala antibioticka tera-
pie s pravidelnou logopedickou rehabilitaci pro rezidualni
neurologicky nalez po CMP. Pooperacni pribéh byl kom-
plikovan pouze flutterem sini s elektrickou verzi. Pacient
byl propustén do ambulantni péce 14. pooperacni den.
Antibioticka terapie pokracovala jesté po dobu Sesti tydn0.

Pfi kontrole po péti mésicich od operace pacient udava
nevykonnost a dusnost pfi vétsi ndmaze, ale je plné so-
béstacny. Od propusténi byl bez krvacivych nebo embo-
lickych komplikaci. Stéle je v péci neurologa a logopeda,
z neurologické symptomatologie udava horsi vybavnost
nékterych slov, obtiznéjsi vyjadfovani. Na echokardiogra-
fii prokazujeme dobrou funkci aortadlniho homograftu
a mitralni protézy a snizenou ejekcni frakci levé komory
na 45 %.

Diskuse

Mezi patologie postihujici IFB s nutnosti jeho rekonstruk-
ce patii IE s abscesem v této oblasti, extenzivni kalcifikace
nebo nedostatek tkané po predchozi operaci, coz zne-
mozriuje bezpecné ukotveni chlopenni ndhrady.

IE komplikovanou aortalnim abscesem je nutno resit
chirurgicky castéji nez ohranicené vegetace chlopennich
Cipu (87 % vs. 50 %).” Postizeni IFB infek¢ni endokardi-
tidou nastésti neni castou komplikaci. Davierwala publi-
koval incidenci rozsiteni infekce do IFB v 1,6 % pfipadud
operaci dvou chlopni pro IE,® Forteza publikoval incidenci
v souboru 10,6 %.° Od pavodni prace z roku 1980 byly

rGznymi skupinami autort zvefejnény vysledky téchto
operaci. Pavodni pracovni skupina z Toronta dokumentu-
je ve svém souboru 135 pacientt operovanych v prabéhu
26 let opera¢ni mortalitu 15,5 %, 15leté prezivani a pre-
zZiti bez nutnosti reoperace 43 + 6 %, resp. 72 + 9 %."°
Oliveria udava desetileté prezivani ve svém souboru 76
pacientd 50 + 9 %."

Evropska doporuceni z roku 2015 zdlrazruji nutnost
redukce pouziti umélého materidlu na minimum, nepre-
feruji zadnou formu chlopenni ndhrady pred ostatnimi.
Vybér pouzité techniky zlstava na zvyklostech pracovisté
a zkusenostech chirurga. Nicméné poukazuji na mozny
benefit vyuziti homograftu pfi paravalvularnim sifeni IE
a rozsahlé destrukci aortalniho korene.? Podobna dopo-
ruceni podavaji americka guidelines ve tridé Ila Urovné
B."? Aortalni homograft poskytuje vyborné hemodyna-
mické vlastnosti, je dodavan spolu s darcovskym AML
pouzitelnym k rekonstrukci AML pacienta, coz dale redu-
kuje nutnost pouziti umélého materiadlu. Pfi implantaci
je nutno dbat na peclivé zarovnani pozic pfijemcovskych
trigon a homograftu. Navic z nasi zkusenosti a zkusenosti
nékterych center poskytuji lepsi hemostatické vlastnosti,
a tim vyrazné snizuji riziko pooperac¢niho krvaceni.'*'*

Jako alternativa se u mladych pacient nabizi Rossova
operace,” doposud ale v této indikaci neni Siroce vyuziva-
na. Je spiSe specialitou nékterych center, které maji s touto
technikou zkusenosti, a pouzitelna u pacientt bez exten-
zivniho postizeni aortdlniho kofene. Volbou pfi ndhradé
aortalni chlopné muze rovnéz byt biologickda nebo me-
chanicka aortalni protéza, stentless chlopen. Pfi konkomi-
tantnim postiZzeni ascendentni aorty se nabizi vyuziti bio-
logického nebo mechanického konduitu. V specifickych
pfipadech u pacientd po nékolika reoperacich s perzistent-
ni IE je radikalnim fe$enim pouze transplantace srdce.?

Samotna operace Commando byla popsdna v nékoli-
ka modifikacich. V pripadé IE aortalni a mitralni chlop-
né, kdy je infek¢ni proces izolovan na predni cip mitralni
chlopné, je moZno postizenou ¢ast vystfihnout a k rekon-
strukci pouzit zachovany predni cip na aortalnim homo-
graftu. Této modifikaci plvodni operace Commando se
fikd Hemi-Commando.®

Na zéakladé rozsahu infek¢niho procesu u daného pa-
cienta je nutné uvazovat o zpusobu pfistupu k chlopnim
pro kompletni odstranéni infikované tkané. Mozny je
pristup z pficné aortotomie a klasické levostranné atrio-
tomie v misté sulcus terminalis, dale pfistup ze Sikmé aor-
totomie rozsifeny do stropu levé siné k pravé horni plicni
zile s eventudlnim pretétim horni duté Zily nebo pristup
transseptdlni za vyuziti pravostranné atriotomie. V pfipa-
dé uziti jiné aortalni ndhrady nez homograftu, je mozné
provést rekonstrukci IVF za pomoci perikardidlni zaplaty
(obr. 7). Pomouci jeji duplikatury se zrekonstruuje intertri-
gonalni oblast aortalniho anulu a jednotlivé listy jsou po-
uzity k rekonstrukci aortdlniho sinu nebo uzavéru pravé
siné a uzaveéru stropu levé siné.>"°

Zaveér

Destruktivni postizeni intervalvularni fibrézy patfi mezi
vzacné formy infekéni endokarditidy. Operace Comman-
do a jeji modifikace patfi mezi nejkomplikovanéjsi zakro-
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ky v kardiochirurgii a klade extrémni naroky na opera-
téra. U pacientl s rozsdhlym paravalvuldrnim postizenim
infek¢nim procesem muze byt tato operace jedinou moz-
nosti feseni vzniklého stavu. Jako vhodna forma nahrady
soucasné postizené aortalni chlopné se v posledni dobé
ukazuji zejména homografty, které maji ptiznivé dlouho-
dobé vysledky.
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ABSTRACT

The summary of the consesus document provides the framework that analyzes the potential failure modes
of implanted cardiac devices (implantable cardiac pacemakers and implantable cardioverter-defibrillators
- cardiac implantable electronic devices) in context of radiotherapy procedures and proposes the metho-
dology for patient management in every step of the entire radiotherapy process. The summary is intended
for radiation oncologists, cardiologists, arrhythmologists, medical physicists, dosimetrists, clinical engineers
and technicians, nurses and other health professionals, that partake in the treatment of patients with such
devices.

Uvod

Cilem souhrnu odborného stanoviska je poskytnout
ramcovy prehled potencialnich poruch funkce CIED v sou-
vislosti s radioterapii a navrhnout metodicky postup pro

V Ceské republice narUstad pocet pacientd, kterym byly
implantovany kardiostimulatory nebo kardiovertery-de-
fibrilatory (v nasledujicim textu uvadéné pod souhrnnou
zkratkou CIED [cardiac implantable electronic devices]
oznacujici srde¢ni implantabilni elektronickd zarizeni)
a u nichz je zaroven indikovéna lé¢ba nadorového one-
mocnéni pomoci radioterapie.

pribéh celého procesu radioterapie u pacientd s CIED.
Je urcen pro radia¢ni onkology, kardiology, arytmology,
radiologické fyziky a techniky, biomedicinské techniky
a inZzenyry, radiologické asistenty, zdravotni sestry a dalsi
zdravotnické pracovniky, ktefi se podileji na Ié¢bé pacien-
ta s CIED.
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PFi tvorbé tohoto stanoviska byl pouzit zejména do-
kument American Association of Physicists in Medicine
(AAPM): Management of Radiotherapy Patients with Im-
planted Cardiac Pacemakers and Defibrillators: A Report
of the AAPM TG-203 (2019)" a doporuceni EHRA: 2017
HRS expert consensus statement on magnetic resonance
imaging and radiation exposure in patients with cardio-
vascular implantable electronic devices.?

Toto odborné stanovisko vzniklo pod zastitou Ceské
asociace pro srde¢ni rytmus Ceské kardiologické spole¢-
nosti, Pracovni skupiny KardioTech Ceské kardiologické
spole¢nosti, Ceské spole¢nosti fyzik(i v mediciné a Spole¢-
nosti pro radia¢ni onkologii, biologii a fyziku CLS JEP.

Radioterapeuticka zareni a kardiostimulatory
a kardiovertery-defibrilatory

Zareni pouzivané k radioterapii a ziskavani snimka pro
planovani lécby mlze v dasledku fyzikdlnich interak-
ci s CIED zpUsobovat prechodné ¢i trvalé poruchy CIED,
a tim ovlivnit klinicky stav pacienta (viz tabulku 1). Kli-
nické dopady poruch funkce CIED se mohou raznit podle
stavu pacienta a typu CIED. Souviseji s toleranci vici inhi-
bici stimulace, vi¢i neadekvatni stimulaci na maximalni
stimulacni frekvenci nebo se ztratou biventrikularni sti-
mulace. Klinické projevy jsou vzacné. Radi se k nim synko-
pa, presynkopa, dusnost, fyzickd nevykonnost, hypoten-
ze nebo dekompenzace srde¢niho selhani. Oversensing
muze u implantabilnich kardiovertert-defibrilatorl (ICD)
vést k neadekvatni antitachykardické terapii. Neadekvat-
ni vyboje nebyly v literatufe popsany.

Pri posuzovani rizika selhani CIED pfi radioterapii se
fidime doporucenimi jednotlivych vyrobcl. Zprava s in-
formacemi o CIED, kterou obdrzi pacient a predklada
ji na pracovisti radioterapie, musi specifikovat, zda kar-
diostimulacni systémy obsahuji elektrické vodice (svody)
s aktivnimi prvky (napf. senzory), protoze na tom zavisi
zpusob planovani 1é¢by radioterapii.

Management péce o pacienty
s kardiostimulatory a kardiovertery-
-defibrilatory

Pfi péci o pacienty s CIED vychazime predevsim z infor-
mace, zda je pacient zavisly na stimulaci a z odhadu cel-
kové kumulativni ddvky na pfistroj. Obecné pouzivanou
klinickou definici pro zavislost pacienta na stimulaci je ne-
dostatecna ¢i chybéjici vlastni komorova aktivita. V tako-
vém pfripadé je zvysené riziko, nebot nahla porucha CIED
muze vést k asystolii a zastavé obéhu, ktera mlze skoncit
fatalné. Incidence zavislosti na stimulaci je pfiblizné 10 %.

Pacienti plné zavisli na stimulaci: pacienti bez vlastni
komorové aktivity, kdy bradykardie, resp. srde¢ni zasta-
va povede k akutnim klinickym pfiznaklm (nahla ztrata
védomi).

Pacienti ¢astecné zavisli na stimulaci: asymptomaticti
pacienti s vlastni komorovou aktivitou se srde¢ni frekven-
¢i pod 30/min.

Pacienti nezavisli na stimulaci: pacienti s vlastnim sr-
de¢nim rytmem se srdecni frekvenci vyssi nez 30/min
bez anamnézy akutnich klinickych pfiznakl v souvislosti
s bradykardii.

Tabulka 1 - Pfehled poruch CIED ve vztahu k ozafeni ionizujicim zarenim

Pfi¢ina poruchy CIED Popis poruchy

Kumulativni davka

(prechodna az trvala porucha).

Poskozeni obvodt v CIED se mUize projevit okamzité

Neobvykld akumulace elektrického néboje nebo toku
elektrického proudu v ozareném polovodici CIED

Potencialni zmény funkce CIED

Zmény ve stimula¢nim pulsu (odchylka amplitudy
nebo Sife pulsu se zméni o vice nez 25 % az
kompletni ztrata signalu, mdze ohrozit spravnou
stimulacni funkci).

Prah sniméni elektrické aktivity myokardu elektrodou

nebo do nékolika mésicl po radioterapii.

Je spjata s rozptylenymi fotony a elektrony.

Pri protonové radioterapii a u vysokoenergetickych
fotont nutno zvaZovat zejména neutrony.

se zméni o vice nez 25 %.

Ztrata telemetrie (doc¢asna nebo trvald) nedovolujici
kontrolu CIED nebo Upravu nastavené programace.
Stimulacni frekvence se zméni o vice nez 10 %.
Kompletni ztrata signald.

Predcasné vycerpani baterie nebo zména impedance
elektrod.

Prechodny Sum pfi spusténém svazku zéreni.

Zména amplitudy elektrického signalu vy3si nez 10 %.
Odmlka elektrického signélu na vice nez 10 s.
Stimulace na horni hranici nastavené stimulacni
frekvence.

Permanentni ztrata elektrického signalu.
Neadekvatni terapie ICD.

Dévkovy prikon Interference referencnich napéti a fyziologickych
senzorll CIED (u radioterapeutického svazku

i vypocetni tomografie).

SEU (single event upset,
ojedinéla udalost) pfi
produkci neutront

Chyby v paméti nebo v logickych obvodech (¢im
vyssi energie zareni v MV, tim vyssi riziko vzniku
neutrond).

Rozptylené neutrony daleko od ozafované oblasti
(rozptyl v ozafovné).

Neucinna, nevyzadana nebo nepfimérena stimulace.
Ztréta diagnostickych dat.

Neadekvatni terapie ICD.

Reset CIED.

Kompletni ztrata funkce.

CIED - srdecni implantabilni elektronické zafizeni; ICD - implantabilni kardioverter-defibrilator.
Kurzivou jsou popsény souvisejici fyzikalni aspekty.
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Pacient s CIED s indikaci k radioterapii

Pokud je nador

¥

informovat pacienta
e Posoudit zavislost pacienta na stimulaci

maji byt deaktivované
(magnetem, programaci)

e Informovat osetfujiciho kardiologa-arytmologa,

¢ Informovat, zda antitachykardické funkce ICD

v této zoné,
davka maze byt:

°*<2@Gy

*> 5@y

'

Odhad davky na CIED:

¢ Vice nez 10 cm od okraje
radia¢niho pole - davka
pravdépodobné < 2 Gy
* Méné nez 10 cm, ale vice
nez 3 cm od okraje radia¢niho
pole — davku potvrdit mérenim
* Do 3 cm od okraje radia¢niho
pole — vypocet planovacim systémem

\Dévka 0-5Gy: : |Davka>5 Gy
1zadné i 1 nebo radioterapie
! neutrony i | generujici neutron

s

I S—

Vysoké riziko

(plati opatfeni u stfedniho rizika

a navic):

¢ 1x tydné natoceni EKG zdznamu
a jeho zhodnoceni zkusenym
personalem

e Kardiolog-arytmolog nebo
dostupny technik, pokud je
potreba

* Od dosazeni davky 5 Gy kontrola
CIED kazdy tyden

'

Kontrola CIED kardiologem-arytmo-
logem po ukonceni terapie
(po 1 a 6 mésicich)

Pacient nezavisly na stimulaci a davka
na CIED < 2 Gy

ANO NE

L 4

Nizkeé riziko:
* Konzultace s kardiologem-arytmolo-
gem

* Pacient s ICD: konzultovat
deaktivaci ICD
(magnetem/programaci)

* Monitorace pacienta — audiovizualni

e Kontrola CIED pred prvni frakci
a po posledni frakci

t

‘Stl"'edni riziko

(plati opatfeni u nizkého rizika

a navic):

e Pacient zavisly na stimulaci:
konzultace s kardiologem-
-arytmologem ohledné
nastaveni asynchronni
stimulace (magnetem/
programaci)

* Monitorace pacienta - EKG
monitor nebo pulsni oxymetr

 Dostupny externi defibrilator
a vybaveni pro kardiopulmonalni
resuscitaci (KPR)

e Kontrola CIED v pribéhu
radioterapie

Obr. 1 - Klicové aspekty managementu pacientl s CIED. CIED - srdec¢ni implantabilni elektronické zafizeni.
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Kardiolog-arytmolog ve spolupraci s radiacnim onkolo-
gem museji rozdélit pacienty podle zavislosti na stimulaci
a na davce na pfistroj do pfislusné kategorie rizika.

Zavislost pacienta na stimulaci vsak neni jediné hle-
disko, které urcuje riziko pro daného pacienta. Je tfeba
zohlednit i riziko vzniku poruchy CIED, které souvisi s cha-
rakteristikami radioterapeutického planu, zejména kumu-
lativni dédvkou, davkovym pfikonem a pouzitou energii,
kterd jako hlavni faktor urcuje pravdépodobnost vyskytu
neutrond. Informace o tolerancni davce a toleran¢nim
davkovém prikonu poskytuje vyrobce CIED. Kumulativni
davka, pritomnost neutronu a zareni s vysokym linedrnim
prfenosem energie zvysuje riziko nejcastéjSich (a mnohdy
zdvaznych) poruch CIED. Vsechny tyto aspekty urcuji zafa-
zeni pacienta do kategorie nizkého, stfedniho a vysokého
rizika (viz obr. 1).

Management pacientl zarfazenych ve skupiné
s nizkym rizikem

Béhem kazdé frakce radioterapie by pacienti méli byt au-
diovizualné monitorovani. U nékterych pacientd muze
kardiolog-arytmolog doporucit prilozeni magnetu pro
deaktivaci antitachykardickych funkci ICD nebo pro docas-
nou asynchronni stimulaci u kardiostimuldtor(. Kontrola
CIED by méla probéhnout pred prvni frakci radioterapie
a po dokonceni lé¢by radioterapii.

Management pacientl zarfazenych ve skupiné
se stfednim rizikem

Béhem kazdé frakce radioterapie by pacienti méli byt au-
diovizualné monitorovani a méla by probihat monitorace
zivotnich funkci EKG monitorem nebo pulsni oxymetrii.
Béhem jednotlivych frakci radioterapie by mél byt dostup-
ny externi defibrildtor a vybaveni pro kardiopulmonalini
resuscitaci (KPR). Pri ozareni by mél byt v ovladovné pfito-
men |ékar — radiacni onkolog. U nékterych pacientd mdze
kardiolog-arytmolog doporucit pfilozeni magnetu pro de-
aktivaci antitachykardickych funkci ICD nebo pro docas-
nou asynchronni stimulaci u kardiostimuldtord. Kontrola
CIED by méla probéhnout pred prvni frakci radioterapie,
v prabéhu radioterapie a po dokonceni [é¢by radioterapii.

Management pacientl zafazenych ve skupiné
s vysokym rizikem

Monitorovani pacienta béhem jednotlivych frakci radiotera-
pie probiha ve stejném rezimu jako ve skupiné se stfednim ri-
zikem. Kontrola CIED se provadi v tydennich intervalech, a to
véetné zaznamu EKG. Pokud je pacient zarazen do skupiny
s vysokym rizikem jen z dlvodu kumulativni davky (ddvka >
5 Gy), mGze byt tydenni periodicita kontrol zahajena az po
dosazeni davky 5 Gy. Tento postup se netyka situace, kdy je
vysoké riziko spojeno s produkci neutronu. U téchto pacien-
tU jsou nutné kontroly jiz od prvni frakce radioterapie.

Po zahdjeni radioterapie jsou monitorace pacienta
a kontroly CIED provadény podle zarazeni pacienta do
rizikové skupiny. Kontrola CIED se provadi specidlnim

programovacim zafizenim podle vyrobce CIED a muze
probéhnout Skolenym persondlem v arytmologické am-
bulanci nebo dalkovym prenosem. Pri kontrole CIED se
hodnoti jeho stav (zejména prechod do zdlozniho médu),
odhadovand Zivotnost baterie, parametry elektrod, zda
a kdy byly aktivovany antitachykardické funkce ICD a pfi-
padné uloZené epizody ruseni. U pacientd s indikovanou
monitoraci EKG béhem radioterapie se hodnoti pripadna
zména vUci vstupnimu EKG (srdecni frekvence, charakter
komplexu QRS) s cilem ¢asného odhaleni mozného pre-
chodu CIED do zalozniho médu.

Z téchto duvodl doporucujeme, aby lécba pacientl za-
fazenych v kategorii s vysokym a stfednim rizikem probi-
hala v takovych zdravotnickych zafizenich, kde jsou snad-
no dostupni vsichni pozadovani zdravotnicti pracovnici
a kde jsou k dispozici pfislusné technické prostredky.

Pri poruse funkce CIED v prubéhu radioterapie je in-
formovan pacient, kardiolog-arytmolog, radia¢ni onko-
log a radiologicky fyzik. Pokud to typ poruchy umoznuje,
doporucuje se ¢asnd kontrola a Uprava programace CIED
(arytmolog, biomedicinsky technik nebo inZenyr, firemni
technik). Podle zdvaznosti poruchy je tfeba vzit v Uvahu
zavislost pacienta na stimulaci a pocet zbyvajicich frakci
a rozhodnout, zda pokracovat v pavodnim protokolu ra-
dioterapie a zda je nutny dodatecny monitoring pacienta.
Pro skupiny se stfednim a vysokym rizikem se CIED zkon-
troluje a kardiolog-arytmolog zvazi dalsi postup (Uprava
programace, vyména).

Po ukonceni radioterapie ma mit pacient naplanova-
nou kontrolu CIED po jednom mésici a po Sesti mésicich
s cilem odhalit pfipadné zmény indukované pozdni radiaci
(porucha CIED, funkéni zmény, zvy3ena citlivost vici elek-
tromagnetické interferenci).

Souhrn doporuceni pro radioterapii
s ohledem na CIED

S ohledem na odolnost CIED k porucham a zniceni a inter-
ferenci s rGznymi typy a energiemi zareni doporucujeme
nasledujici:

1. Zjistit, zda v minulosti pacient podstoupil ozareni
v blizkosti oblasti, kde je umistén CIED.

2. Pouzit energii < 10 MV pro prevenci vzniku neutrona.
Pokud je nutné pouzit vyssi energie, pacient musi byt
zarazen do kategorie s vysokym rizikem.

3. Vyvarovat se ozafovani protonovymi nebo neutrono-
vymi svazky. Pokud je nutné je pouzit, pacient musi
byt zarazen do kategorie s vysokym rizikem.

4. Upfednostnit nizsi davkové prikony.

5. Preferovat kumulativni ddvku na CIED < 5 Gy (katego-
rie nizkého a stfedniho rizika) nebo niZsi, nez je dopo-
ruceno vyrobcem.

6. Pouzivat toleran¢ni davky 2 a 5 Gy, zejména v pripadé,
Ze vyrobce nedodal zZadné tolerance pro kumulativni
davku. Jinak respektovat doporuceni vyrobce.

7. Zvolit vhodné uhly rotace hlavice ozarovace, aby byla
v dané geometrii co nejvétsi vzdalenost CIED od oza-
fené oblasti.

8. Volit radiacni pole (vCetné svazkl pro zobrazovani)
pokud moZzno tak, aby CIED byl ve vzdalenosti > 5 cm
od jeho hranice.
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9. Provést predlécebnou ¢i in vivo dozimetrii pfi prvni
frakci radioterapie, pokud se CIED nachazi < 10 cm od
ozarovaciho pole.

10. Pokud se pfistroj nachazi ve vzdalenosti do 3 cm od
okraje pole nebo od 5 % izodézy v pfipadé radiote-
rapie s modulovanou intenzitou fotonového svazku
(IMRT ¢i VMAT), je mozné pouzit k odhadu davky pla-
novaci systém.

11. Nepouzivat olovéné stinéni.

Rozhodovani o pfemisténi CIED vyzaduje komplexni pfi-
stup z hlediska posouzeni rizika vuci prinosim. Infekéni
komplikace by mohly mit u onkologického pacienta s do-
poruc¢enou nebo planovanou chemoterapii mnohem za-
vaznéjsi klinické dlsledky. Pokud je CIED umistén pfimo
v pldanovaném pfimém ozafovacim svazku, mohlo by do-
jit k interferenci s adekvatni [écbou nadoru a premisténi
CIED je zdGvodnéno zarucenim spravné |écby.

Zavér

Pro kazdého pacienta s CIED, ktery podstupuje radiotera-
pii, je nutné peclivé zvazit riziko vyplyvajici z 1écby ioni-
zujicim zarenim. Odhad tohoto rizika by mél byt zalozen
na zvazeni vdech cinnosti vyuzivajicich ionizujici zareni

béhem celého obdobi radioterapie od simulace po pora-
diacni fazi se zvlastnim ddrazem na snizeni potencidlniho
poskozeni CIED. Riziko potencialni poruchy CIED mé byt
vyvazeno vuci dalsim moznym zdravotnim komplikacim,
ke kterym se fadi riziko infekce pti premisténi nebo ex-
plantaci CIED a riziko spojené s poruchou spravné funkce
CIED. V principu neni opodstatnéné zvysit riziko rekuren-
ce onemocnéni v zdjmu redukce rizika poskozeni CIED,
protoze to je relativné malé. SpiSe ma byt riziko poskoze-
ni CIED minimalizovano zajisténim optimalni péce, ktera
zahrnuje vhodnou monitoraci CIED, aby pfipadna porucha
funkce byla v¢as odhalena a vyresena.

Zasadnim doporucenim je vyhnout se terapii produku-
jici neutrony a dodrzet kumulativni dadvku na CIED < 2 Gy
pro pacienty zavislé na stimulaci a < 5 Gy pro pacienty na
stimulaci nezavislé.
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témér jednoho sta let obrovsky, zmény tak rozsahlé, ze
musi byt v plném rozsahu pro dva autory nezvladnutel-
né. Proto pro jejich registraci a hodnoceni v jednotlivych
lékarskych oborech (nékteré na pocatku sledovaného
obdobi jesté neexistovaly a vznikly az v poslednich dese-
tiletich) prizvali dalsi spoluautory. Oslovili 34 odbornik
riznych medicinskych obord, ktefi mohli zasvécené po-
psat a hodnotit vyvoj jejich specializaci.

Tak byly ziskany kvalifikované informace o téchto
oborech (jsou uvedeny v abecednim poradi s udaji o po-
Ctu stran): Adiktologie (15 s.), Alergologie a klinicka
imunologie (9 s.), Anesteziologie a intenzivni medicina
(9 s.), Angiologie (8 s.), Dermatovenerologie (2 s.), Dét-
ska hematologie (2 s.), Diabetologie (8 s.), Endokrinolo-
gie (3 s.), Farmakologie (7 s.), Gastroenterologie (5 s.),
Genetika (28 s.), Gynekologie (7 s.), Hematologie (2 s.),
Chirurgie (6 s.), Infek¢ni lékafstvi (17 s.), Kardiologie
(5 s.), Lékarska biochemie (2 s.), Lékarska mikrobiolo-

Petr Bartinék a Ctibor Povysil (editofi):
Promeény casu -

promény zdravi

Praha, OPTIO, 2020, 346 stran.
Vydani prvni, format 195 x 235 mm, mékka vazba, cernobily vytisk.

gie (4 s.), Nefrologie (3 s.), Neurologie (16 s.), Nuklearni
medicina (4 s.), Oftalmologie (3 s.), Onkochirurgie (7 s.),
Ortopedie (7 s.), Patologickd anatomie (7 s.), Pediatrie
(7 s.), Plasticka chirurgie (8 s.), Pneumologie (4 s.), Po-
rodnictvi (9 s.), Psychiatrie (3 s.), Radiologie (4 s.), Rev-
matologie (5 s.), Sexuologie (7 s.) a Urologie (11 s.). Sa-
moziejmé nebylo mozné postihnout viechny soucasné
medicinské obory. Vzdyt Ceska lékaFska spole¢nost Jana
Evangelisty Purkyné jich registruje vice nez 120.

Text je doplnén velkou fadou citaci, tabulek, grafu
a fotografiemi dobovych dokumentu, které nejen na-
zorné zvysuji vyznamnost uvadénych skutec¢nosti, ale
i zlepsuji vzhled jednotlivych stranek, a tak ty nikdy ne-
upadnou do pouhé prezentace a $edivého popisu dat.

Jednotlivé kapitoly se liSi rozsahem, stylem i Urovni.
Pti 34 autorech tomu byt jinak ani nemuze. Zdsahy edi-
torl i recenzenta nesméji byt nésilné, o urovni publikace
rozhoduje v prvé fadé autor sdm. Nékolik kapitol se mi
zda pfilis dlouhych, rozsah deset stran textu bych pova-
Zoval za dostate¢ny. Skoda, Zze kniha nema rejstFik.

Kardiology budou samozfejmé zajimat predevsim
kapitoly o zménach v kardiologii a v angiologii. Obé
psali vysoce kvalifikovani specialisté, kapitolu Kardiolo-
gie prof. MUDr. Ale$ Linhart, DrSc., soucasny predseda
Ceské kardiologické spole¢nosti, kapitolu Angiologie
prof. MUDr. Debora Karetova, CSc., pfedsedkyné Ceské
angiologické spole¢nosti CLS JEP. Ob&ma obortim bylo
vénovano celkem 13 stran. Myslim, Ze v nich skoro vse
podstatné bylo zminéno.

Také je chvalyhodné, Ze byl nékolikrate zminén pfi-
nos Ceskych Iékara do svétového védniho fondu. Je $ko-
da, Ze zadny nebyl nominantem na Nobelovu cenu za
medicinu a fyziologii. Nadéjni mohli byt MUDr. Jan Jan-
sky, profesor Vilém Laufberger, profesor Bohumil Pru-
sik, profesor Milan Hasek a profesor Vratislav Schreiber.
A tak jako jeji jedini nositelé zUstavaji jen manzelé Carl
a Gerta Coriovi, ktefi ji ziskali v roce 1947. Snad se do-
¢kame pozdéji...

Jsem presvédcen, Ze je dobfe, Ze byla kniha na toto
téma napsana. Obéma editordm bychom méli podéko-
vat za to, Ze si toto velmi ndro¢né téma vybrali a peclivé
je zpracovali. Nakladatelstvi OPTIO je mozné pochvalit
za vzorné zpracovani knihy.
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Zprava o knize :N

Komu knihu doporucit?

Meéli by se s ni seznamit vsichni lékari, zvlasté ti mladi.
PomuUze jim zasadit medicinu do Sir§iho kontextu Zivota
spole¢nosti, seznami je nejen s jejim globalnim vyvojem,
ale také s jeji narodni historii. PomUze jim poznat, za
jakych podminek pracovali jejich predchuddci, pomuze
jim vazit si soucasnych podminek. | o této knize plati,
Ze je nutné, aby soucasnici poznavali minulost. Protoze

M. Rawool

John R. Fowler Jr.,,

Ultrazvuk
ruky a horni
koncetiny

Praktické postupy

Cena: 749 K¢.

Oba dva autofi jsou ze dvou univerzitnich pracovist v Pen-
sylvanii, prvni je docentem na ortopedické klinice, druhy
docentem radiologické kliniky. K napsani této knihy
pfizvali dalSich 11 spoluautord. Vyjma dvou jsou vsichni
z pensylvanskych pracovist.

Obsah knihy je rozdélen do péti &asti: Cast I: Uvod
(4s.). Cast Il: Prsty a zapésti (38 s.). Cast IlI: PFedlokti a lo-
ket (54 s.). Cast IV: Rameno (32 s.). Cast V: Léze (24s.).

ten, kdo neznd svoji minulost, téZko bude ovliviiovat
svoji budoucnost.

Prof. MUDr. Jan Petrasek, DrSc.,

Ill. interni klinika, 1. lékarska fakulta Univerzity
Karlovy a VSeobecna fakultni nemocnice v Praze,
e-mail: jvpetr@email.cz

John R. Fowler Jr., Nandkumar M. Rawool:
Ultrazvuk ruky a horni koncetiny.
Praktické postupy

Pieklad: MUDr. Ing. Eva Ondrouskova a MUDr. Alena Stouraéova
Praha, Grada Publishing, a.s., 2020, 192 stran.

Vydani prvni, format 240 x 165 mm, barevny vytisk, tuha vazba.
ISBN 978-80-247-3449-1.

Kniha nemd literaturu, podrobny dvousloupcovy rejs-
tfik (7 s.) je na jejim konci. Kniha je velmi bohaté ilustro-
vana, vétsinou barevné obrazky jsou velmi dobré kvality.

Prof. MUDr. Jan Petrasek, DrSc.,

Ill. interni klinika, 1. Iékarska fakulta Univerzity
Karlovy a Vseobecna fakultni nemocnice v Praze,
e-mail: jvpetr@email.cz
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Uvadite spravné pouzitou literaturu?

Dobre vim, Ze néktefi ¢tenafi tento ¢lanek preskoci. Lze
je rozdélit do dvou skupin: v té prvni budou ti, ktefi se na
psani ¢lanku nebo knihy nechystaji — a ve druhé ti, ktefi
si feknou: , Pfece to zndm a nepotrebuji, aby mne nékdo
poucoval.” Ti z druhé skupiny, ktefi se myli, tu byli od ne-
paméti. UZ ve starovéku o nich platilo, ze ,errare huma-
num est” (,perseverare autem diabolicum seu stultum”).
Rekl to Seneca starsi a opakovali pak Cicero, Jeronymus
a dalsi: byla to samozifejmé pravda tenkrat a je dodnes.
Ti, ktefi véfi tomuto Uslovi, jsou pfistupni argumentaci
a nechtéji ndlezet k tém, jichz se tykd druha cast citatu
uvedend v zavorce, se mohou seznamit s doporucenim,
jak se vyvarovat chyb a citovat spravné.

Mély by jim v tom pomoci pozadavky na psani litera-
tury. Bohuzel, cita¢nich stylG je mnoho, napf. harvardsky,
Chicago, ACS, APA, JAMA/AMA, MLA, Vancouver a dalsi.
Navic nékterd nakladatelstvi pouzivaji jejich nejrizné;jsi
obmény. U nés urluje zdvazna pravidla Ufad pro tech-
nickou normalizaci, metrologii a statni zkusebnictvi. Ten
ptijal jako zadvaznou normu CSN 1SO 690, platnou jiz od
roku 2011. Jde o aktualizovany preklad doporuceni, které
vydala Mezinarodni organizace pro normalizaci I1SO (In-
ternational Organization for Standardization).

A z tohoto doporuceni toto sdéleni také vychazi. Do-
poruceni ISO je rozsahlejsi a zahrnuje i formy citace au-
diovizualnich dokumentt, film{, rozhlasovych vysilani,
grafickych dél, hudebnin, map, norem a patentu. Protoze
ale autofi zdravotnické literatury budou v prevazné vétsiné
pracovat se zdroji, jimiz jsou ¢asopisy, knihy nebo sborniky,
vénujeme pozornost predevsim témto formam zdroja.

Pro¢ citujeme?

Hlavnim dlvodem je skutecnost, Ze kazda védecka prace,
a tudiz i publikace se opira o vysledky, které jiz dfive pub-
likovali jini autofi, ktefi se danou problematikou zabyvali.
Citovani téchto praci je vyrazem, Ze jsme se orientovali
v feSené problematice a Ze jsme ziskali Sirsi kontext této
tematiky. Pfesnou a uplnou citaci také umozriujeme dal-
$im nalézt zdroje, o néz se opirdme. A v neposledni fadé
jde o navaznost na predchozi poznani.

Rada autor( si neuvédomuje, Ze necitovani dél, ze kte-
rych bylo Cerpdno, je jak porusenim autorského zakona,
tak prohfeskem proti citacni etice. Ve vétsiné pfipadl jde
o neznalost téchto zdsad nebo nedbalost, ale nékdy je to
vyraz snahy o zastfeni plagiatorstvi. A to pravnici klasifi-
kuji dokonce jako kradez dusevniho vlastnictvi.

Dalsim prohieskem —i kdyz v opa¢ném smyslu — je cito-
vani dél, kterd pouzita nebyla, aby uvedeni vyznamnych
praci zvysilo ,védeckost” publikace; jindy je to jen potre-
ba zvétsit rozsah seznamu literatury.

Co musime citovat?

Citovat musime, prevezmeme-li cizi myslenku, napad, na-
zor, popf. vysledky prace, anebo pokud pouzijeme text,
tabulku, obrazek, graf, schéma, algoritmus, které jiz pub-

likoval nékdo jiny. Pokud pfevezmeme ¢ast z vlastni pub-
likace - citujeme i sebe.

Co citovat nemusime?

Vyjimkou z povinnosti citovat jsou obecné zndmé infor-
mace, které patii ke vseobecnému vzdélani, k zakladnim
znalostem oboru anebo jsou snadno ovéfitelné z u¢ebnic,
encyklopedii a slovnikd. Pokud ale bude prevzato doslov-
né znéni ¢asti dokumentu, citovano byt musi.

Zakladni pravidla tvorby citace zdroje
Presnost, Uplnost, jednotnost, pouzivani primarnich pramend.

Bibliograficka citace by méla byt co nejpresné;si a jed-
noznacné identifikovat citovany dokument.

Poradi udaju je stanoveno normou (ISO 690).

Forma citaci musi byt v celém dokumentu jednotna.

Nazev by mél byt uveden v jazyku a ve tvaru, v némz je
uveden v citovaném zdroji; vzdy se piSe kurzivou.

Vsechny udaje, které nejsou v latince, se museji transli-
terovat (azbuka) nebo transkribovat (¢instina).

Pokud je dokument/kniha psdna ve vice jazycich, je
nutné uvést vsechny jazykové verze ndzvu; oddélujeme
je carkou.

Slova v citacich by méla byt zkracovana podle CSN 1SO 4.

Ve vlastni praci bychom neméli mit vic nez 5 % autocitaci.

Conditio sine qua non
U zadné védecké publikace (¢lanek, kniha) nesmi chybét
seznam pouzitych pramenu.

Co je nepfipustné
Naprosto nepfipustné je, aby namisto seznamu literatury
byla uvedena informace ,,Seznam literatury u autora”.

Rozsah literatury

Pocet uvedenych zdrojl zavisi na typu a rozsahu publikace.
U predbézného sdéleni (rozsah 3-4 strany) mlze byt

jen nékolik citaci zdrojl, u prehledového ¢lanku (rozsah

10-15 stran) i nékolik set.

Aktualnost

Uvadéné zdroje by mély byt aktualni. Vyrazem aktudlnos-
ti je jejich vroceni. Minimalné polovina citaci by méla byt
z poslednich péti let. Pfi odevzdani rukopisu do tisku by
mély byt jiz zafazeny citace zdroja z téhoz roku.

e  (Citace textu: pfima citace — nepfima citace (parafraze)

e  Pfima citace: publikovany text byl prejat doslovné
z pUvodniho dila (zdroj i autor jsou citovani).

* Nepfima citace (parafraze): prevzata je myslenka,
autor a zdroj jsou citovany. ale text je interpreto-
van vlastnimi slovy, jeho vyznam se neméni. Para-
fraze byva zpravidla kratsi nez plvodni text.

e  Formy citace zdroje

Je nutné rozliSovat mezi tzv. primarni a zprostredkova-

nou, tzv. sekunddrni citaci.
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* Primarni citace uvadi zdroj, ktery autor cetl.
* Sekundarni citace uvadi zdroj, ktery autor necetl
a prejima jej ze seznamu literatury od jiného autora.

Je-li to mozné, uvadime vzdy zdroj primarni. V pfipadé,
Ze primarni zdroj je nedostupny (stard kniha nebo ¢aso-
pis), muzeme pouzit tzv. sekundarni citaci.

Napf.: Chrobak, L. a kol.: Propedeutika vnitfniho lékar-
stvi. Praha: Grada 2001. V: JindFich Spinar a kolektiv: Pro-
pedeutika a vysetrfovaci metody vnitrnich nemoci. Praha:
Grada, 2008, ISBN 978-80-247-1749-4.

Autocitace

Naduzivani citaci vlastnich publikaci — autocitace — maze
byt interpretovdno jako propagace sama sebe, zvlasté
kdyz jde o starsi dilo, nebo kdyz se dotyka publikovaného
tématu pouze okrajové ¢i s nim vibec nesouvisi. Nadmér-
né Castd autocitace muze byt chdpana jako vyraz zddraz-
fovani vyznamu vlastni prace nebo jako snaha o zaml-
Covani vysledkl prace jinych. Pocet autocitaci byl nemél
prekrocit 5 %.

Neuplné nebo nepresné citace

Nekvalitni citace znesnadnuji identifikaci zdroje, z néhoz
autor Cerpal. Pokud je to jen vyraz ,,neporadnosti” autora,
je to chyba, ale je neetické, pokud je znesnadnéni identi-
fikace pramene zamérem. Tuto metodu pouzivaji plagia-
tofi.

Uprava psani citaci zdroj v textu - tfi metody
Forma: jméno + datum (harvardsky styl)

V misté, kde bude odkaz na cizi zdroj, umistime do za-
vorek pfijmeni a jméno prvniho autora a rok vydani této
prace, (napf. HABER, Jan, 2017), nebo pfijmeni a jméno
prvniho autora, rok vydani prace a stranu, napt. (HABER,
Jan, 2017, s. 7-8). Je-li jméno autora uvedeno v textu pfi-
mo, uvede se jen rok a strana (napf.: ...ale pozdéji Haber
[2017] tuto souvislost nenalezl).

Citujeme-li vice dél téhoz autora vydanych ve stejném
roce, odliSujeme je malymi pismeny. V textu napf. HABER,
Jan 2017a, Haber Jan 2017b. V seznamu literatury napf.
Haber J2, Algoritmus diagnostiky a l1é¢by invazivni kandli-
dozy na internim oddéleni. Antiinfectives news 2017, 8(1),
12-14. ISSN 1804-4212, a Haber J°, Posakonazol — tfi Iékové
formy v klinické praxi. Acta medicinae 2017, 6(7-8), 119-
122. I1SSN 1805-398X.

Nema-li ¢lanek/kniha autora, uvadi se nejprve nazev
¢lanku/knihy a po ném rok vydani.

Forma ciselného odkazu
Na citovanou praci odkazujeme v textu poradovym cislem
citace. Poradové (islo se vkladad do kulatych (22), nebo
hranatych zavorek [22] nebo jako horni index 22, (). V se-
znamu literatury bude pod timto cislem plna identifikace
tohoto zdroje.
Odkazujeme-li na tyZz zdroj v textu nékolikrat, bude
zdroj oznacen stejnym ¢islem.
Odkazy na pouzité zdroje umistujeme:
* Pod c¢arou na strance, na niz je odkaz (obvyklé
u historickych, pravnickych knih, méné ¢asté u zdra-
votnické literatury).
* Pokud ma publikace jediného autora, pak na jejim
konci, za odbornym textem.

* U knihy/Casopisu s vice autory se preferuje umisténi
za odbornym textem na konci kazdého prispévku.
Pozn.: norma ISO 690 s pojmem , kapitola” nepracu-

je. Pouziva pouze vyraz ,pfispévek v knize nebo v podob-
ném dokumentu”.
V Seznamu pouzitych zdrojl jsou odkazy uvedeny:

* v poradi, v jakém se na né odkazovalo v textu
v harvardském stylu;

* podle ¢isel, pod nimiz byly uvadény v textu, napfr.:

1. Fidgerald, DJ., Roy, L., Catelia F., et al.: Platelet acti-
vation in unstable coronary disease. New England
Journal of Medicine 1986, 315, 983-989. ISSN 0028-
4702

2. Yeh, RW, Kerelakes, DJ, Steg, PG, et al.: Benefits and
risk of extended duration dual antiplatelet thera-
py after PCl in patiens and without acute myocar-
dial infarction. Journal of the American College of
Cardiology 2015, 65, 2211-2221. ISSN 0735.1097 (P),
1558-3597 (E), 0735-1097 (L).

3. Kerelakes, DI, Yeh, RW, Massaro JM. et al. DAPT
score for risk prediction in patiens with or without
previous myocardial infarction. Journal of the Ame-
rican College of Cardiology 2016, 67, 2492-2502.

Tyto dvé formy (harvardsky styl a forma ¢iselného odka-

zu) jsou pouzivany nejcastéji.

Forma prubéznych poznamek
V textu odkazujeme na zdroj poradovym cislem poznamky.
Zdroje se uvadéji na strance pod ¢arou nebo na konci doku-
mentu pod porfadovym Cislem pozndmky. Citovany text mu-
sime odlisit od vlastniho textu vloZzenim do kulatych nebo
hranatych zavorek a uvedenim ¢isla pozndmky jako horni
index. Pozndmky nemuseji obsahovat jen odkazy na zdroje.
Také v jedné poznamce mohou byt odkazy na vice zdroju.
Pozndmky pod ¢arou jsou fazeny v poradi, v némz se
odkazy vyskytuji v textu. Tento zpUsob neni u zdravotnic-
ké literatury pfilis casty.

Doporucena oznaceni useku zdroju

Nejcastéjsi je oznaceni Literatura, ev. se specifikaci Pouzita
literatura, Pouzité zdroje, Seznam literatury nebo Soupis
bibliografickych citaci.

Standardni Cisla - identifikatory

Bylo-li dokumentu pfidéleno mezinarodni standardni ¢is-
lo nebo jiny mezinarodni identifikator, musi byt v citaci
uveden.

ISBN: (International Standard Book Number) je identi-
fikator knih. V CR byl zaveden v roce 1989, nejdFive jako
20mistny, od roku 2007 je 13mistny.

ISSN: (International Standard Serial Number) je identi-
fikator Casopist. Musi jej mit pridélen kazdy casopis. Se-
znam identifikatoru ISSN je pristupny ze stranek databaze
Narodni technické knihovny na adrese: http://aleph.ntkcz.
cz/F/?func=find-b-0&local_base=stk02

ISAN: (International Standard Audiovisual Number) je
identifikator pro audiovizualni dila, tj. dila s pohyblivym
obrazem se zvukem nebo bez zvuku.

Byla vytvorena standardni ¢isla i pro hudebniny (ISMN)
i pro zvukové zdznamy (USEC).

Symbol DOI oznacuje identifikator digitalniho objektu
(Digital Object Identifier). Je to identifika¢ni systém dél
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pfistupnych v digitalni podobé, ktery ma zajistit trvalost
hypertextovych odkazl. Dokument, ktery ma pridélené
DOI, nalezneme na www.doi.org.

Byl-li vytvoren, ma byt uvadén.

Oznaceni (P) je uréeno pro ,papirovou” formu, (E) pro
elektronickou, (L) oznacuje pokracujici zdroj.

Odkazy na pouzité zdroje v casopiseckém clanku

Sumarizaci odkazl na zarazené zdroje ve formé seznamu
literatury umistujeme za kazdym ¢lankem. Jeho nespor-
nou vyhodou je soustfedéni viech citaci na jednom misté.

Uprava seznamu zdrojii
Forma: jméno + datum (harvardsky styl):

Zdroje se uvadéji podle poradi, v némz se v textu obje-
vuji (Casté), nepfrihlizi se ani ke jménu prvniho autora ani
ke vroc¢eni zdroje, napft.:

Fidgerald, DJ., Roy, L., Catelia F., al.: Platelet activation
in unstable coronary disease. New England Journal of Me-
dicine 1986, 315, 983-989. ISSN 0028-4702

Yeh, RW, Kerelakes, DJ, Steg, PG, et al.: Benefits and risk
of extended duration dual antiplatelet therapy after PCl in
patients and without acute myocardial infarction. Journal
of the American College of Cardiology 2015, 65, 2211-2221.
ISSN 0735.1097 (P), 1558-3597 (E), 0735-1097 (L).

Kerelakes, DI, Yeh, RW, Massaro JM. et al. DAPT score
for risk prediction in patients with or without previous
myocardial infarction. Journal of the American College of
Cardiology 2016, 67, 2492-2502.

Forma ciselného odkazu
Zdroje se uvadéji v poradi podle pridélenych cisel v textu
(nejcastéjsi).

1. Fidgerald, DJ., Roy, L., CateliaF., et al.: Platelet activa-
tion in unstable coronary disease. New England Jour-
nal of Medicine 1986, 315, 983-989. ISSN 0028-4702

2. Yeh, RW, Kerelakes, DJ, Steg, PG, et al.: Benefits and
risk of extended duration dual antiplatelet thera-
py after PCl in patients and without acute myocar-
dial infarction. Journal of the American College of
Cardiology 2015, 65, 2211-2221. ISSN 0735.1097 (P),
1558-3597 (E), 0735-1097 (L).

3. Kerelakes, DI, Yeh, RW, Massaro JM. et al. DAPT score
for risk prediction in patients with or without previ-
ous myocardial infarction. Journal of the American
College of Cardiology 2016, 67, 2492-2502.

Bohemica

Jako zdroje by zasadné nemély byt opomijeny prace Ces-
kych autord, i kdyz je publikace uréena pro zahrani¢ni ¢a-
sopis nebo nakladatelstvi.

Zasady pfi tvorbé seznamu literatury
Jméno prvniho autora se uvadéji vzdy v invertovaném tva-
ru, jména dalsich se mohou psat bud invertované, nebo
v neinvertovaném tvaru, napf.: Ptacek, R. a Bartlinék, P.,
nebo R. Ptacek a P. Bartinék.

Krestni jméno mUze byt uvedeno plné nebo jako inicia-
la, napt. Charvat Josef nebo Charvat J.

Pokud je vice autord, je chybné uvést pouze jméno prv-
niho autora a misto jmen ostatnich latinskou zkratku , et
al.”. Vzdy respektujeme puvodni zdroj.

Uprava citace, je-li zdrojem kniha

(harvardsky systém: jméno-datum)

Zasady

Pokud ma kniha jen jednoho autora, nevznikd zadny pro-
blém. Nejdfive se uvadi prijmeni, pak zkratka kfestniho
jména.

Pokud je nékolik autord a podileli se na vzniku publika-
ce stejnou mirou, méli by byt uvedeni vsichni. Pokud byl
jeden/dva pracovnici dominantni, uvadéji se jako autofi
jenom oni, ostatni se zahrnuji do oznaceni ,et al.”.

Ma-li kniha editory, uvadi se za jménem posledniho né-
kterad ze zkratek: ed. (editor), eds. (editofi). Nejedna-li se
o editory, pouzije se obdobné jina zkratka: sest. (sestavili),
red. (redigovali), zprac. (zpracovali).

Nézev i podndzev knihy se vypisuje v jazyce origindlu
a kurzivou. Jméno mésta, v némz je nakladatelstvi, se
vypisuje v jazyce originalu. U nazvl nakladatelstvi se vy-
nechdvaji udaje ,a.s.”, ,a synové”, ,et sons”, naopak se
ponechdva vyraz ,press”.

K odliseni dvou korporaci stejného jména se pridava jmé-
no jejich sidla.

Pokud je autorem podfizena slozka instituce, uvadi se
jako prvni ndzev instituce, napt.: Univerzita Karlova, Prvni
lékarska fakulta, lll. interni klinika.

Kazdy prvek bibliografické citace se oddéluje ¢arkou nebo
teckou.

Povinné udaje a jejich poradi

Autor/fileditor/fi - ndzev/podnazev knihy (kurzivou) - vy-
dani (povinné kromé prvniho vydani) - misto vydani (po-
dle origindlu) - jméno nakladatelstvi - rok vydani - strana
(od-do) - nazev edice (pokud bylo dilo zafazeno do nékte-
ré edice) - ISBN - forma (P) nebo (E).

Citace, je-li zdrojem casopis

Zasady

Uvadéji se vsichni uvedeni autofi.

Nazev dila se vypisuje v jazyce originalu a kurzivou. Jméno
mésta, v némz je nakladatelstvi, se vypisuje v jazyce origina-
lu. U ndzvl nakladatelstvi se vynechavaji udaje "a.s.”, ,,a sy-
nové”, ,etsons”, naopak se ponechdva vyraz , press”. ISSN.
Kazdy prvek bibliografické citace se oddéluje ¢arkou nebo
teckou.

Povinné udaje a jejich poradi

Autor/ti - nazev ¢lanku (kurzivou) - jméno casopisu (popf.
oficidlni zkratka bez tecek) - datum vydani - rok - ¢islo -
strana (od-do) - ISSN casopisu - forma (P), (E) nebo (L).

Citace, je-li zdrojem prispévek ve sborniku

Povinné udaje a jejich poradi

Autor/ti /editor/fi - nazev/podnazev dokumentu (kurzi-
vou) - In: ndzev sborniku - vydani (povinné kromé prvniho
vydani) - misto vydani (podle origindlu) - jméno naklada-
telstvi - rok vydani - strana (od-do) - ISBN.

Citace, je-li zdrojem elektronické médium

Zasady

Uvadéji se vsichni uvedeni autofi.

Ndzev dila se vypisuje v jazyce originalu a kurzivou.
Povinné udaje a jejich poradi

Autor/ii - ndzev prace (kurzivou) - vydavatel - datum pub-
likovani - identifikator - forma (E) - dostupnost (online pu-
blikace, CD-ROM), napt.:
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Dalsi informace

B

Simek, J. a Zaskodna, H., Dobrovolnictvi jako nastroj
zlepSovani zdravi seniord, Prakticky lékaf 2019, 99(6),
5.262-266, ISSN 1805-4544 (E) https://www.prolekare.cz/
casopisy/prakticky-lekar/2019-6-11/dobrovolnictvi-jako-
-nastroj-zlepsovani-zdravi-senioru-122085

Do seznamd literatury v Casopise, knize i v elektronic-
kém mediu nélezeji také dila publikovana jako tzv. Sedd
literatury — publikace v tisténé nebo elektronické podobé,
které nejsou vydavany komer¢nimi vydavateli tj. instituce-
mi, jejichz hlavni ¢innosti je vydavatelska ¢innost.

Autorstvi a spoluautorstvi

Pokud ma dilo jen jednoho autora, nevznikd zadny pro-
blém. Pokud je tvlrcd nékolik a podileli se na vzniku
stejnou mirou, méli by byt uvedeni vsichni. Pokud byl je-
den z tvlrcl skupiny spolupracovnikl dominantni, mze
byt uveden jménem a pridava se zkratka ,et al.”, nebo
»a kol.” V tomto pfipadé se jméno prvniho autora pise
v invertovaném tvaru (napf. Cerny, F. et al.), a uvadgji-li se
dalsi spoluautofi, mohou byt psani jak v invertované ( Cer-
ny, F., Novak, J. a Slavik, R.), tak v neinvertované formé (F.
Cerny, J. Novék a R. Slavik). Jména dvou poslednich autor(
se oddéluji spojkou ,a".

U nékterych zdrojl, napf. encyklopedii, sbornikt z kon-
ferenci, slovnikd aj., u nichz neni mozné identifikovat
tvarce, se udaj ,autor/autofi” vynechdva a jako prvni se
uddva nazev dila. Jestlize ale napf. sbornik sestavovala
vyznamnd osobnost, muze byt uvedeno jeji jméno jako
editora. Méné vyznamné osoby mohou byt uvedeny jako
sestavovatelé — vedlejsi tvurci.

Plagiatorstvi

Nejzavaznéjsim prohfeskem proti citacni etice je plagia-
torstvi. Tak oznacujeme publikaci podstatnych ¢asti (nej-
Castéji) nebo celé cizi publikace a vydavani ji za vlastni.
Nékdy to mUze byt vedouci myslenka, jindy rtzné velké
pasdze dila. Plagidtorstvim je i vlastni formulace ciziho
textu — forma parafraze. Po prdvni strance jde o kradez
dusevniho vlastnictvi: dochdzi k nému, kdyz prejmeme
Cast textu, graficky ho nevymezime a zdroj neuvedeme
v seznamu pouzité literatury. Zcizeni vysledkd prace jiné-
ho autora mlze mit fadu ddvodud (uzndni priority objevu,
zvyseni osobni prestize, financni ocenéni). Nékdy je tézké
odlisit plagidtorstvi od kryptomnézie, pfi niz autor pouzil
namét nebo myslenku, u niz si nepamatuje jeji pramen
a vydava ji za svoji vlastni. Proto v soucasnosti nejen or-
ganizace (univerzity u praci doktorskych, habilitacnich
a profesorskych, nakladatelstvi), ale i recenzenti zjistuji,
zda nejde o plagiat. K tomu slouZzi Fada pocitacovych pro-

gramu, resp. webovych stranek, na nichz je jejich vyuziti
poskytovano.

Nejcastéjsi chyby v citacich

* Pouziti rGiznych forem Upravy seznamu zdroja (harvard-
ska forma, Chicago styl, ACS aj.).

* NeUplné uvedeni povinnych prvka citace.

* Nesoulad odkazu a seznamu citaci. Poruseni zasady, Ze
vsechna dila uvedend v textu museji byt zahrnuta v se-
znamu literatury. A naopak — viechny zdroje uvedené
v seznamu literatury museji byt dohledatelné v textu.

* | seberozsahlejsi seznam literatury bez odkazl v textu je
informacné bezcenny.

* Neuvedeni autora/t pfevzatych ilustraci.

* Opomenuti mezery za interpunkénim znaménkem.

* Pouziti spojovniku misto pomlcky.

* Castou chybou je neuvedeni pfesného data u zdroju,
kde je to vyZzadovano (online zdroje).

Predpokladem kazdé uspésné védecké prace je du-
kladna reserse zpracovavaného tématu. Pokud nema pra-
covnik jistotu, ze jeho reserse bude kvalitni (a kompletni
pokud jde o uvedeni informacnich zdroja), mize pozadat
o jeji zhotoveni Ustav védeckych informaci 1. lékafské fa-
kulty Univerzity Karlovy a VSeobecné fakultni nemocni-
ce, oddéleni referencnich sluzeb a spravy elektronickych
zdroja.

Danes Jan. Screening karcinomu prsu v Ceské republice.
Ceska radiologie 2014, 68(3), 177-180. ISSN 1210-7883 (P).

Literatura

Holoubkova, Hana: Jak na citace podle ISO 690, Masaryko-
va univerzita - Ustfedni knihovna FF, 26.3.2019, (E)
Dostupné z: http://www.slideshare.net/rs_knihovnaffmu/
jak-na-citace-podle-is0-690-138221222

Biernatova, Olga a Jan Skupa, Bibliografické odkazy a ci-
tace dokument( dle CSN ISO 690 (01 0197) platny od 1.
dubna 2011, Citace.com, 2.9.2011, (E). Dostupné z: http://
citace.com/dokumenty-php.

Citace, Wikipedia, 2.8.2020, (E), Dostupné z: https://cs.wi-
kipedia.org/wiki/Citace

Prof. MUDr. Jan Petrdsek, DrSc.,

Ill. interni klinika, 1. Iékarska fakulta Univerzity
Karlovy a Vseobecnd fakultni nemocnice v Praze,
e-mail: jvpetr@email.cz

Casopis Cor et Vasa pouZivé tzv. vancouverskou citaéni nor-
mu. PFi upravé pokynG pro autory planované v budoucnosti
samozrejmé bude jiZ respektovat normu ISO 690.
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