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Od Redaktora c1oeN 29051700

Szanowni Panstwo,

Drodzy Czytelnicy,

zapraszam do zapoznania sie z zawartoScia drugiego tegorocznego numeru czasopisma Folia Cardio-
logica. Zachecam do lektury prac oryginalnych. Pierwsza z nich — ,Valvular heart disease and different
circadian blood pressure profiles” autorstwa dr Martyny Zalewskiej i wsp. z Zaktadu Fizjologii Stosowanej
Instytutu Medycyny Do$wiadczalnej i Klinicznej PAN — dotyczy oceny dobowego profilu ciSnienia tetniczego
u chorych z zastawkowymi wadami serca. Retrospektywna analiza pomiaréw 24-godzinnych cisnienia
tetniczego w 103-osobowej grupie chorych nie wykazata istotnych zaleznoSci miedzy rodzajem, ciezkoScia
wady a profilem dobowym ci$nienia tetniczego, chociaz pewnych zaleznosci w poszczegdlnych rodzajach
wad mozna sie doszukiwac. Z kolei w artykule ,Undercarboxylated matrix Gla protein in patients with
ST-segment elevation myocardial infarction and chronic coronary syndromes” autorstwa prof. Ewy Kon-
durackiej i wsp., z Kliniki Choroby Wiericowej i Niewydolnosci Serca Collegium Medicum Uniwersytetu
Jagiellonskiego w Krakowie, opisano stezenia niedokarboksylowanego biatka macierzy w surowicy u 155
pacjentow z zawatem serca z uniesieniem odcinka ST (STEMI, ST-elevated myocardial infection) i u 75 0s6b z przewlektymi zespotami
wieficowymi jako grupa kontrolng. Stezenia niedokarboksylowanego biatka macierzy byly istotnie wyzsze u pacjentéw ze STEMI niz
w grupie kontrolnej, co moze sugerowaé udziat tego biatka w ostrych stanach zapalnych.

Wsrod prac pogladowych znajdziecie Pafnstwo miedzy innymi artykuty ,The importance of early recognition and treatment of obstru-
ctive sleep apnoea in patients with cardiovascular disease” (dostepny rowniez w niniejszym numerze w wersji polskiej: ,Waga wczes-
nego rozpoznania i leczenia obturacyjnego bezdechu podczas snu w grupie pacjentéw obcigzonych kardiologicznie”) oraz ,Role of loop
diuretics in the treatment of acute heart failure”; tematy niezwykle istotne w codziennej pracy kardiologa. Zachecam réwniez do lektury,
tak cenionych przez Czytelnikéw, prac kazuistycznych z renomowanych polskich osrodkéw kardiologicznych.

Zyczac mitej lektury, serdecznie wiosennie pozdrawiam

Redaktor Naczelna
6. lcduaL Mo - Eapion

prof. dr hab. n. med. Beata Wozakowska-Kapton

www.journals.viamedica.pl/folia_cardiologica
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Valvular heart disease and different circadian
blood pressure profiles

Wady zastawkowe serca i rozne profile dobowe ciSnienia tetniczego

Martyna Zaleska', Olga Mozenska', Agnieszka Segiet, Jan Gierattowski’,
Monika Petelczyc®, Michat Zamojski', Dariusz A. Kosior®

'Department of Cardiology and Hypertension, Central Research Hospital, the Ministry of the Interior and Administration,
Warsaw, Poland
’Faculty of Physics, Warsaw University of Technology, Warsaw, Poland
*Department of Applied Physiology, Mossakowski Medical Research Centre, Polish Academy of Sciences, Warsaw, Poland

Abstract

Introduction. Valvular heart diseases (VHD) increase the risk of cardiovascular morbidity and mortality. Little is known
about the correlation between circadian blood pressure profile (CBPP) and VHD. The study aimed to clarify the associa-
tion between CBPP and VHD prevalence.

Material and methods. 103 consecutive patients (male: 50.5%), who underwent 24-hour ambulatory blood pressure
measurement (ABPM) and Holter electrocardiography simultaneously were analysed. Patients were divided into
3 groups: dipping was defined as 10-20% (28.2%), non-dipping as < 10% (50.5%) fall in nocturnal blood pressure (BP)
and reverse-dipping as higher nocturnal than diurnal BP (21.4%). VHD was assessed by transthoracic echocardiography
and described as mild, moderate or severe regurgitation or stenosis accordingly. Further, the severity of VHD, nocturnal
fall pattern and ABPM features in all groups were compared.

Results. The authors found no statistically significant association between severity of VHD and dipping status. The pre-
sented study showed some correlations between VHD severity and different ABPM parameters.

Concusions. Though severity of VHD did not influence dipping status obtained by ABPM, there were associations be-
tween VHD and ABPM outcomes. Further studies are needed.

Key words: circadian rhythm, hypertension, valvular heart disease
Folia Cardiologica 2021; 16, 2: 77-83

Introduction

blood pressure (BP) using continuous intra-arterial monito-
Hypertension is a growing problem, and currently, there are ring. Nowadays ambulatory blood pressure measurement
over 1 billion hypertensive individuals worldwide [1, 2]. In (ABPM) is a non-invasive method to obtain circadian blood
1978 Millar-Craig et al. [3] described circadian variation of pressure profile (CBPP) [4].

Address for correspondence: Prof. Dariusz A. Kosior MD, PhD, Zaktad Fizjologii Stosowanej, Instytut Medycyny DoSwiadczalnej i Klinicznej
im. M. Mossakowskiego PAN, ul. Pawinskiego 5, 02-106 Warszawa, Poland, e-mail: dkosior@imdik.pan.pl

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.
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Studies prove that non-dipping pattern in hypertensive
individuals might be associated with increased cardiovas-
cular risk [5-7]. The lower or lack of fall in nocturnal BP
values could also cause target organ damage. Literature
brings evidence that the non-dipping pressure profile is
connected with left ventricle hypertrophy (LVH), cardiac
functional alteration, renal damage, carotid artery abnor-
malities and cerebrovascular diseases [8-15]. Valvular
heart disease (VHD) may be not as common as coronary
artery disease (CAD) or heart failure but remains signifi-
cant since it frequently requires interventions [16, 17]. The
study aimed to assess if there are associations between
VHD prevalence as well as the occurrence and either CBPP
or ABPM parameters.

Materials and methods

Study population

This was a retrospective study analyzing data of 103 pa-
tients hospitalized in the Department of Cardiology and
Hypertension in Central Research Hospital of the Ministry
of Interior and Administration in Warsaw between January
2012 and December 2013. All consecutive patients, who
simultaneously underwent ABPM and 24-hours Holter
electrocardiography (ECG-Holter), were included in further
analysis. According to nocturnal fall pattern, patients were
divided into three groups. Dipping was defined as a 10-20%
fall in nocturnal systolic BP (SBP), non-dipping as less than
10%, and reverse-dipping as higher average SBP during
the night than during the day [6, 18]. Collected data were
analyzed retrospectively and Local Ethics Committee gave
consent to conduct the trial.

Measurements

In the study, Treacker NIBP2 SpacelLabs Healthcare and
ABP 90217-7Q SpacelLabs Healthcare devices were used
to obtain ABPM and Lifecard CF Reynolds Medical device
to assess ECG-Holter. Measurements of BP were performed
every 10 minutes during awake hours and every 30 min-
utes at night. Additionally, all patients had transthoracic
echocardiography (TTE) using Phillips IE-33 and EPIQ UI-
trasound machines and rest-ECG performed. In TTE VHD
severity was described as none (0), mild (+), moderate
(++) or severe (+++).

Statistics

Statistical analysis was performed on R version 3.1.2
[19]. Continuous variables are presented as several
observations and mean with standard deviation; ca-
tegorical variables are reported as frequencies and
percentages. The distribution of continuous variables
was first analysed with the Shapiro-Wilk test of normality
and then according to the results ANOVA test or Kruskal-
-Wallis test were used. Categorical variables were

compared using Fisher’'s exact test. The significance
level was set at 0.05.

Results

One hundred three consecutive patients (male: 50.5%)
with mean age 63.9 ( £ 17.7) years simultaneously un-
derwent ABPM and ECG-Holter were included in further
analysis. According to ABPM outcomes, 29 (28%) patients
were dippers, 52 (50%) were non-dippers and 22 (21%)
were reverse-dippers respectively. The reverse dipper
group was the oldest, with mean age 74.9 + 10.9 years,
and differences in age between groups were statistically
significant (p < 0.001). Study population characteristic is
presented in Table 1. There were significant differences
between groups in the occurrence of diagnosis of chronic
kidney disease (CKD) and peripheral artery disease (PAD),
with the higher prevalence of those diseases in non-dipper
and the highest in the reverse-dipper group. Mean systolic
and diastolic pressure, both diurnal and nocturnal, which
differed statistically significantly between subgroups in our
study population, is presented also in Table 1.

Echocardiography parameters assessed in our study
population are given in Table 2. From those results only
left atrium diameter (LAD) differed significantly regarding
CBPP (40.2 + 4.8 mm; 43.8 + 6.2 mm; 41.8 + 5.2 mm;
p = 0.026; dippers, non-dippers, reverse-dippers, respec-
tively). We found no statistically significant difference be-
tween neither prevalence nor occurrence of VHD regar-
ding CBPP in our study population. Parameters are given
in Table 2 and Table 3.

List of drugs administered in this study population is gi-
ven in Table 4. Both: - and a-adrenolytics were more com-
monly used in non-dipper and reverse-dipper than in dipper
population (a-adrenolytics: 0%; 13.04%; 30%; p = 0.009;
B-adrenolytics: 57.69%; 69.57%; 95%; p = 0.011; dippers,
non-dippers, reverse dippers, respectively). There were no
statistically significant differences in drugs doses (Table 5).

This study showed that severity of aortic stenosis
(AS) correlated positively with maximal nocturnal systo-
lic blood pressure (SBP) (p = 0.208; p = 0.038) and that
severity of aortic regurgitation (AR) correlated negatively
with diastolic blood pressure (DBP) during the nighttime
(p=-0.214; p = 0.033). Additionally it was found that se-
verity of AR was connected with lower maximal heart rate
(HR) at night (p = -0.197; p = 0.050), while AS correlated
with lower maximal HR during awake hours (p = -0.202;
p = 0.044). Tricuspid stenosis correlated negatively with
both awake (p = -0.199; p = 0.047) and nightly DBP
(p=-0.207; p = 0.039) and with maximal DBP during awa-
ke hours (p =-0.198; p = 0.048). During awake hours both
minimal SBP (p = -0.197; p = 0.050) and maximal DBP
(p=-0.236; p = 0.018) correlated negatively with pulmo-
nary regurgitation.
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Variable Dipper Non-dipper Reverse dipper p*

Age [years] 55.24 + 17.83 63.98 + 17.46 74.91 + 10.86 p <0.001
Gender [M/F] 16/13 30/22 6/16 p=0.052
SBP day [mm Hg] 129.72 + 11.30 12748 £ 13.81 125.77 + 15.32 p=0.575
SBP night [mm Hg] 111.55+9.16 121.58 + 13.73 133.00 + 18.04 p <0.001
SBP fall 13.93+2.83 4.63+291 -5.61+3.71 p <0.001
DBP day [mm Hg] 74.41 + 8.19 71.23 + 8.67 67.45 + 6.53 p=0.009
DBP night [mm Hg] 61.34 £ 6.67 65.29 + 7.87 67.86 + 8.05 p=0.009
DBP fall 17.46 + 3.93 8.21+5.32 -0.53£5.35 p <0.001
HF 8 (27.59%) 17 (32.69%) 11 (52.38%) p=0.188
HFrEF 0 (0.00%) 1(1.92%) 0 (0.00%) p >0.999
HFpEF 6 (20.69%) 15 (28.85%) 10 (47.62%) p=0.126
CKD 1(3.70%) 9 (17.65%) 6 (30.00%) p =0.045
PAD 1(4.00%) 3 (5.88%) 5 (26.32%) p=0.031
DCM 0 (0.00%) 2 (3.85%) 2 (10.00%) p=0.175
CAD 6 (20.69%) 8 (15.38%) 7 (35.00%) p=0.178
Post M 2 (7.14%) 2 (3.85%) 3(15.79%) p=0.212
Post CABG 0 (0.00%) 0 (0.00%) 1(5.26%) p=0.192
OSAS 7 (25.00%) 13 (25.00%) 2 (9.09%) p=0.302
DM 4 (14.29%) 7 (13.73%) 2 (10.00%) p>0.999
Hyperlipidemia 14 (50.00%) 30 (57.69%) 13 (61.90%) p=0.720
COPD 0 (0.00%) 0 (0.00%) 1(5.00%) p=0.213
AF 3(10.34%) 15 (29.41%) 8 (36.36%) p=0.055
NT-proBNP [pg/mL] 332.40 + 359.33 1490.38 + 2507.92 1414.30 £ 2919.21 p =0.650
CK [ug/L] 109.56 + 38.57 92.66 + 49.09 119.62 + 65.23 p=0.103
CK-MB [ug/L] 16.56 + 5.09 18.75 £ 9.88 24.82 £+ 16.82 p=0.030

*p — overall p-value for 3-group comparison of means (ANOVA test) or distributions (Kruskal-Wallis test) for continuous variables and percentages (x° test) for categorical variables; M — male; F — female;
SBP — systolic blood pressure; DBP — diastolic blood pressure; HF — heart failure; HFrEF — HF with reduced ejection fraction; HFpEF — HF with preserved ejection fraction; CKD — chronic kidney disease;
PAD — peripheral artery disease; DCM — dilated cardiomyopathy; CAD — coronary artery disease; post Ml — post myocardial infarction; post CABG — post coronary artery bypass grafting; OSAS — obstructive
sleep apnea syndrome; DM — diabetes mellitus; COPD — chronic obstructive pulmonary disease; AF — atrial fibrillation; NT-proBNP — N-terminal pro-B-type natriuretic peptide; CK — creatine kinase;

CK-MB — creatine kinase myocardial bound

Discussion

The heart is one of the organs damaged by hypertension.
Some authors described LVH and higher left ventricle mass
index (LVMI) in non-dipper patients group compared to
dippers [8, 20-22]. Those data are inconclusive because
others failed to prove those outcomes [23-25]. It may
be due to different methods used in those studies, i.e.
Cuspidi et al. [8], who proved statistically significant diffe-
rences in LVH prevalence and higher LVMI in never-treated
non-dippers with a reproducible non-dipper pattern of
hypertension comparing to those with reproducible dipper
pattern of hypertension, used multiple ABPM measure-
ments to divide patients into groups, while others used
only 1 measurement. Cuspidi et al. [9] described that fact
as the reason for different outcomes in comparison with

other studies. This fact may be relevant, but other authors
reported high reproducibility of ABPM outcomes regarding
CBPP in their study population (hemodialysis patients) after
6 and 12 months [20]. Ferrara et al. [26] reported that
differences in echocardiography outcomes may be signifi-
cant in dippers comparing to non-dippers only in recently
discovered hypertension and showed similar changes in
both groups in long-standing hypertension. Additionally,
Sokmen et al. [27] found that there was no statistically
significant difference between dippers and non-dippers
hypertensive patients, who had adequate BP control regar-
ding LVH, LVMI. We also assessed the presence of LVH and
in our population, we found that non-dippers had higher
both posterior wall end-diastolic diameter (PWDd) and
interventricular septal end-diastolic dimension (IVSd). Ad-
ditionally, it was found that there was an inverse tendency
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Table 2. Echocardiography parameters

Variable

EF [%]

LvVDd [mm]
RVDd [mm]
LAD [mm]
IVSd [mm]
PWDd [mm]
TAPSE [mm]
IVC [mm]
VHD

AR

AS

MR

MS

TR

TS

PR

PS

*p — overall p-value for 3-group comparison of means (ANOVA test) or distributions (Kruskal-Wallis test) for continuous variables and percentages (x” test) for categorical variables; EF — ejection fraction;
LvDd — left ventricle end diastolic dimension; RVDd — right ventricle end diastolic dimension; LAD — left atrium diameter; IVSd — intraventricular septum end-diastolic diameter; PWDd — posterior wall
end-diastolic diameter; TAPSE — tricuspid annular plane systolic excursion; IVC — inferior vena cava; VHD — valvular heart disease; AR — aortic regurgitation; AS — aortic stenosis; MR — mitral regurgitation;
MS — mitral stenosis; TR — tricuspid regurgitation; TS — tricuspid stenosis; PR — pulmonary regurgitation; PS — pulmonary stenosis

Dipper

62.39 £ 4.69
50.31 £ 4.43
31.50 + 4.53
40.21 +4.80
10.59+1.21
10.34 + 1.34
22.00+4.24
16.00 £ 4.58

7 (25.00%)
0(0.00%)
0 (68.97%)
0 (0.00%)
0 (35.71%)
0(0.00%)
0 (0.00%)
0(0.00%)

Table 3. Valvular heart disease severity

Variable

AR

AS

MR

TS

R

PR

0

O N P O P O W N PFP O W PEPr ON P

1

Severity

Non-dipper

61.35 + 7.23
50.18 + 5.88
32.73 £ 4.86
43.75£6.15
10.94 + 1.77
10.76 £ 1.73
23.00 £ 5.89
20.50 £ 5.45

35.29%)

3.92%)

70.59%)

2
3.92%)
1.96%)

0 (0.00%)

18 (
2(
36 (
0 (0.00%)
8(
2(
1(

Dipper
21 (75.00%)
7 (25.00%)
0 (0.00%)
28 (100.00%)
0 (0.00%)
0 (0.00%)

9 (31.03%)
19 (65.52%)
1(3.45%)

0 (0.00%)
28 (100.00%)
0 (0.00%)
18 (64.29%)
10 (35.71%)
0 (0.00%)
28 (100.00%)
0 (0.00%)

54.90%)

Non-dipper
33 (64.71%)
17 (33.33%)
1(1.96%)
49 (96.08%)
1(1.96%)
1(1.96%)
15 (29.41%)
28 (54.9%)
7 (13.73%)
1(1.96%)
49 (96.08%)
2 (3.92%)
23 (45.10%)
23 (45.10%)
5 (9.80%)
50 (98.04%)
1(1.96%)

Reverse dipper p*
59.86 + 6.23 p=0.127
50.10 + 5.94 p=0.700
31.45+6.11 p=0.475
41.76 £ 5.22 p=0.026
10.11 + 3.00 p=0.676
10.14 £ 1.53 =0.260
21.83 £2.99 p=0.901
15.46 £ 7.98 p=0.663

6 (28.57%) p=0.632
0 (0.00%) p=0.717

18 (85.71%) p=0.370
0 (0.00%) NA

12 (57.14%) p=0.236
0 (0.00%) p=0.712
1 (4.76%) p=0.454
0 (0.00%) NA

Reverse dipper p*

15 (71.43%) p=0.869
6 (28.57%)
0 (0.00%)
21 (100.00%)
0 (0.00%)
0 (0.00%)

3 (14.29%)
15 (71.43%)
2 (9.52%)

1 (4.76%)
21 (100.00%)
0 (0.00%)

9 (42.86%)
10 (47.62%)
2 (9.52%)
20 (95.24%)
1 (4.76%)

p>0.999

p=0.422

=0.712

p=0.280

p=0.454

*p — overall p-value for 3-group comparison of percentages (x’ test) for categorical variables; AR — aortic regurgitation; AS — aortic stenosis; MR — mitral regurgitation; TR — tricuspid regurgitation;
TS — tricuspid stenosis; PR — pulmonary regurgitation
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Table 4. Drugs administered in the study population

Variable Dipper Non-dipper Reverse dipper p*
Beta-adrenolytics 15 (57.69%) 32 (69.57%) 19 (95.00%) p=0.011
Alpha-adrenolytics 0 (0.00%) 6 (13.04%) 6 (30.00%) p =0.009
Ca-antagonists 9 (34.62%) 26 (56.52%) 9 (45.00%) p=0.196
ACEI 16 (61.54%) 22 (47.83%) 13 (65.00%) p =0.388
ARB 3 (11.54%) 14 (30.43%) 6 (30.00%) p=0.164
Amiodarone 0 (0.00%) 1(2.17%) 0 (0.00%) p >0.999
Digoxine 0 (0.00%) 2 (4.35%) 0 (0.00%) p=0.714
Aldosterone antagonists 0 (0.00%) 7 (15.22%) 1 (5.00%) p=0.073
Furosemide 0 (0.00%) 8 (17.39%) 2 (10.00%) p=0.057
Torasemide 1(3.85%) 2 (4.35%) 7 (35.00%) p =0.002
Kaldyum 0 (0.00%) 6 (13.04%) 0 (0.00%) p = 0.047
Kalipoz 4 (15.38%) 19 (41.3%) 12 (60.00%) p =0.006
Hydrochlorotiazide 1 (3.85%) 8 (17.02%) 0 (0.00%) p =0.065
Indapamide 5 (19.23%) 9 (19.57%) 3 (15.00%) p=0.941
ASA 7 (26.92%) 12 (26.09%) 8 (40.00%) p=0.524
VKA 3 (11.54%) 10 (21.74%) 3 (15.00%) p=0.593
LMWH 0 (0.00%) 1(2.17%) 1(5.00%) p =0.467
Statin 18 (69.23%) 30 (65.22%) 15 (75.00%) p=0.732

*p — overall p value for 3-group comparison of percentages (x” test) for categorical variables; Ca — calcium; ACEI — angiotensin converting-enzyme inhibitor; ARB — angiotensin Il receptor blocker;

ASA — acetylsalicylic acid; VKA — vitamin K antagonist; LMWH — low-molecular-weight heparin

Table 5. Drugs doses in the study population

Doses Dipper
11 (44.00%)
9 (36.00%)
5 (20.00%)
0 (0.00%)
10 (38.46%)
0 (0.00%)
6 (23.08%)
10 (38.46%)
3 (88.46%)
1(3.85%)
2 (7.69%)
8 0 (0.00%)

Variable

o

Beta-adrenolytics

ACEI

ARB

N P O W N B O W NN -

Non-dipper Reverse dipper p*
14 (31.11%) 1(5.26%) p =0.082
22 (48.89%) 12 (63.16%)
7 (15.56%) 5(26.32%)
2 (4.44%) 1(5.26%)
24 (52.17%) 7 (35.00%) p=0.073
5 (10.87%) 3 (15.00%)
2 (4.35%) 4 (20.00%)
15 (32.61%) 6 (30.00%)
32 (71.11%) 14 (70.00%) p=0.612
2 (4.44%) 1(5.00%)
7 (15.56%) 3 (15.00%)
4 (8.89%) 2 (10.00%)

*p — overall p-value for 3-group comparison of percentages (x° test) for categorical variables 1 — small doses; 2 — medium doses; 3 — high doses; ACE| — angiotensin-converting-enzyme inhibitor; ARB — an-

giotensin Il receptor blocker

in a reverse-dipper group, what was in contraposition to
Wang et al. [28] results. Although, in all those parameters
a statistical significance was not reached, what might be
due to the relatively smaller study population than in cited
studies. Additionally, in another original article recently
submitted for publication, factors determining CBPP and
nightly fall of SBP were analysed. It was found that older

www.journals.viamedica.pl/folia_cardiologica

patients diagnosed with peripheral artery disease or
dilated cardiomyopathy and who used a-adrenolytics had
lower fall in nocturnal SBP. Also, patients who had lower
haemoglobin concentration, higher CK-MB values or lower
maximal heart rate had lower fall in nocturnal SBP. The
authors assessed a higher prevalence of altered CBPP
in patients who used B- or a-adrenolytics or torasemide.
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Though according to these results none of TTE parameters
(including LVH) determined CBPP and nightly fall of SBP.
Looking further into the analysis of TTE measurements, in
the context of CBPP larger LAD, was already described by
others in the non-dipper group [9]. These results proved
those outcomes regarding differences between dippers and
non-dippers. Surprisingly it was found that this tendency
was not continued in the reverse-dipper group, although
no studies to compare these outcomes with were found.
Regarding the detailed analysis of VHD in the context of
CBPP, only one study in which authors assessed VHD (in
that particular study only aortic valve disease was consi-
dered) influence on CBPP was found. Authors found that
aortic valve disease was connected with altered CBPP. The
outcomes of the presented study did not prove that fact. It
may be due to the smaller population in the cited Jensen
et al. study (13 patients with either aortic regurgitation or
aortic stenosis) [29].

Above-mentioned Jensen’s study may also be conside-
red as one of the reasons why there was a correlation be-
tween AS severity and higher maximal SBP at night. They
found that there was higher activity of the renin-angiotensin
system in patients with aortic valve disease [29]. Others
described higher sympathetic nervous system activity in pa-
tients diagnosed with AS [30]. Further studies are needed

Streszczenie

because the outcomes of this study regarding other corre-
lations were not proved by other studies.

As already mentioned, the limitation of this study may
be the fact that the authors used only one ABPM outco-
me to define and divide the study population. Additionally,
relatively large reverse dipper population may be conside-
red both, limitation and strength of this study. It could be
a limitation because there are not enough data regarding
reverse dipper population in literature, so the authors had
little opportunity to compare their results. It may be con-
sidered a strength because it gives information about the
population, which has not been precisely described so far.

Conclusion

To conclude, the influence of neither occurrence nor se-
verity of VHD on CBPP in the study population was found.
Some interesting associations between ABPM parameters
and severity of VHD were found though. Further studies are
needed, but these outcomes may have implications on the
care of patients with hypertension.
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Wstep. Wady zastawkowe serca (VHD) zwiekszaja ryzyko zachorowan i zgondw z przyczyn sercowo-naczyniowych. Nie-
wiele wiadomo na temat zaleznosci miedzy profilem dobowym ci$nienia tetniczego (CBPP) a VHD. Celem tej pracy byto

wyjasnienie zwiazku miedzy CBPP a VHD.

Materiat i meody. Do badania wigczono 103 kolejnych pacjentow (mezczyzni 50,5%), u ktorych rownoczesnie wykonano
catodobowy pomiar ciSnienia tetniczego (ABPM) i 24-godzinny zapis elektrokardiograficzny metodg Holtera. Podzielono
ich na trzy grupy: dippers — zdefiniowanych jako osoby z ciSnieniem tetniczym (BP) w nocy 0 10-20% nizszym niz w cig-
gu dnia (28,2%), non-dippers — osoby ze spadkiem BP w nocy mniejszym niz 10% (50,5%), reverse-dippers — osoby
z wyzszymi wartoSciami BP w nocy niz w ciggu dnia (21,4%). Metodg echokardiografii przezklatkowej oceniano VHD jako
mata, umiarkowana lub ciezka. Nastepnie porownywano ciezkos¢ VHD, CBPP i dane z ABPM we wszystkich grupach.

Wyniki. Nie znaleziono istotnej statystycznie zaleznoSci miedzy ciezkoScig VHD a CBPP. Zaobserwowano korelacje mie-
dzy ciezkoScig VHD a niektorymi parametrami ocenianymi w trakcie ABPM.

Whioski. Cho¢ ciezkoS¢ VHD nie wptywata na CBPP, to istniejg zaleznoSci miedzy wynikami VHD i ABPM. Konieczne sg

dalsze badania.

Stowa kluczowe: rytm okotodobowy, nadciSnienie tetnicze, wady zastawkowe serca
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Abstract

Introduction. Matrix Gla proteins (MGPs) are usually considered as natural inhibitors of soft tissue calcification in chronic
inflammatory disorders. However, MGP levels in acute inflammation related to myocardial ischemia have been poorly
investigated.

This study aimed to compare the serum concentrations of uncarboxylated MGPs (ucMGPs) between patients with
ST-segment elevation myocardial infarction (STEMI) vs. with chronic coronary syndromes (CCS) and to investigate the
association between ucMGP concentration and an increased risk of major adverse cardiovascular events (MACE) in
STEMI patients.

Material and methods. 155 consecutive patients were enrolled (mean + standard deviation age, 64 + 13 years), includ-
ing 80 patients with a first STEMI and 75 ones with CCS as controls. Blood samples were obtained within the first 24 h
from hospital admission to evaluate ucMGP levels. Combination of MACE [all-cause mortality, heart failure (HF) within
the first 30 days after myocardial infarction] was evaluated.

Results. ucMGP levels were higher in patients with STEMI than in controls (2929 + 96.5 ng/mL vs. 67.3 + 32.3 ng/mL;
p < 0.0001). A significant positive correlation between ucMGP and high-sensitivity C-reactive protein, troponin levels
was found.

Multivariate analysis showed that ucMGP was an independent associate of STEMI [odds ratio (OR) 1.39; confidence
interval (Cl): 0.78-2.14, p = 0.01]. Although ucMGP did not predict the combined MACE, however it was an independent
associate of HF occurrence 30 days after STEMI (OR, 1.20; 95% Cl: 1.07-1.30, p = 0.04).

Conclusion. Elevated ucMGP levels in patients with STEMI indicate that some MGPs may be involved in disorders related
not only to chronic but also acute inflammatory states.
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Introduction

Material and methods

Matrix Gla proteins (MGPs) are extrahepatic vitamin
K-dependent proteins produced not only by chondrocytes
and fibroblasts but also by vascular smooth muscle cells in
the arterial media and other tissues such as some cancer
cells [1-3]. The biological function of MGPs remains the
subject of research, the proteins are usually perceived
as natural inhibitors of the arterial wall and soft tissue
calcification [1-3]. They protect tissues against calcifica-
tion by binding newly formed hydroxyapatite crystals (and
thereby preventing their accumulation in tissues) as well
as by stimulation of vascular macrophages to promote
phagocytosis and apoptosis of the MGP-hydroxyapatite
complexes [2-6]. MGPs also inhibit the binding of bone
morphogenetic protein 2 (BMP-2) to its receptor, which
impairs protein function. Expression of BMP-2 in endo-
thelial foam cells of atherosclerotic plaques leads to
chondrogenesis and osteogenesis, and thus to vascular
calcification [5].

For biological activation, MGPs have to undergo car-
boxylation of the Gla residues, followed by phosphoryla-
tion of the serine residues. Both carboxylation and phos-
phorylation depend on vitamin K, (especially menaquino-
ne 7). Only the active form of MGP is both phosphorylated
and carboxylated, while uncarboxylated MGP (ucMGP) and
carboxylated but not phosphorylated MGP, as well as pho-
sphorylated but uncarboxylated MGP, are partially active
forms. Finally, uncarboxylated and dephosphorylated MGP
is a fully inactive form [3].

The biological role of different forms of MGPs as mar-
kers of cardiovascular disease remains controversial. Se-
rum ucMGP concentrations were reported to correlate with
arterial calcification in patients with hypertension [3]. Low
plasma ucMGP levels were independently associated with
mortality and cardiovascular complications in patients with
coronary artery disease [4]. High plasma levels of carboxy-
lated but not phosphorylated MGP were independently as-
sociated with mortality in patients with chronic cardiova-
scular disorders [1, 6, 7].

Although previous studies have confirmed a positive
association between elevated circulating serum levels
of MGPs in cardiovascular disorders related to chronic
inflammation, there are limited data on MGP levels in
inflammatory states related to acute ischemia. Therefo-
re, the present study aimed to evaluate serum ucMGP
levels in patients with ST-segment elevation myocardial
infarction (STEMI) compare to those with chronic corona-
ry syndromes (CCS) and also to investigate the associa-
tion between serum ucMGP concentration and an incre-
ased risk of major adverse cardiovascular events (MACE)
in STEMI patients.

Study population

We enrolled 155 consecutive patients, including patients
with the diagnosis of a first STEMI (N = 80) and patients
with CCS (N = 75) who served as controls. All participants
were hospitalized at the Department of Coronary Disease
and Heart Failure at Jagiellonian University Medical Col-
lege in Krakow, Poland. After coronary angiography, all
participants were referred for percutaneous coronary
intervention (PCI). The inclusion criteria were as follows:
diagnosis of a first STEMI or CCS (both groups referred
for PCI), glomerular filtration rate (GFR) of 60 mL/min or
higher and left ventricular ejection fraction (LVEF) of 50% or
higher on echocardiography at hospital admission. Patients
with a GFR of less than 60 mL/min, myocardial infarction
at previously, LVEF lower than 50% on admission, severe
valvular calcification, current treatment with vitamin K anta-
gonists, disorders of calcium and phosphorus metabolism,
autoimmune disorders, acute infection on admission, and
current malignancies were excluded.

The Thrombolysis in Myocardial Infarction (TIMI) Risk
Score (STEMI) was used for estimation of 30-day mortali-
ty in patients with STEMI [8]. After hospital discharge pa-
tients with STEMI underwent 30 days follow-up. During this
time, participants were contacted by phone and 30 days
after infarction the patients were assessed at the outpa-
tients’ department.

The primary endpoint was the occurrence of a differen-
ce in ucMGP concentration between STEMI patients when
compared to CCS. Secondary endpoints were the relation-
ship between levels of ucMGP in STEMI and a combination
of MACE including all-cause mortality and heart failure (HF)
within the first 30 days after MI.

Laboratory measurements

Serum concentrations of ucMGP were measured with
a sandwich enzyme-linked immunosorbent assay, double
antibody kit (MyBioSource, Inc., San Diego, California,
United States), with a detection range of 0.156 to 10 ng/mL,
a sensitivity of 0.094 ng/mL, and intra- and interassay coef-
ficients of variation of less than 8% and 10%, respectively.
Blood samples were obtained within 24 hours from hospital
admission, after the PCI procedure.

Other laboratory examinations included complete blood
count, renal function tests, lipids profile, and the measu-
rement of high-sensitive C-reactive protein (hsCRP) levels
were measured in patients with STEMI.

Complete echocardiography was performed using the
VIVID S-6 ECHO unit (GE Medical System), equipped with
a multifrequency harmonic transducer (2.5-4 MHz) before
hospital discharge and at the end of follow-up. The systolic
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function of the left ventricle was estimated with LVEF using
the Simpson method. The average values of three conse-
cutive measurements were recorded.

Important definitions

STEMI was defined by electrocardiographic ST-segment
elevation in patients with chest discomfort/pain or equiva-
lent) with positive biomarkers of necrosis [troponin T or/and
creatine kinase myocardial band (CK-MB)]. Hypertension
was defined as arterial blood pressure equal to or more
than 140/90 mm Hg or drugs treatment for hypertension.
CCS was defined as typical angina induced by exertion or
emotional stress with positive results of treadmill exercise
stress or stress echocardiography, perfusion scintigraphy.
Hyperlipidaemia was defined as low-density lipoprotein
(LDL)-cholesterol > 1,7 mmol/L or/and elevation triglyce-
rides > 1,7 mmol/L or treatment with hypolipemic therapy/
/diet. Diabetes mellitus was diagnosed in line with appli-
cable guidelines [9].

The study protocol complied with the Declaration of
Helsinki and was approved by the Ethics Committee of Ja-
giellonian University (KBET; 122.6120.323.2014). Each
study participant provided written informed consent be-
fore enrolment.

Statistical analysis

All continuous variables were expressed as mean [standard
deviation (SD)], and categorical variables were expressed
as percentages. The Mann-Whitney test was used to com-
pare normally and non-normally distributed continuous
variables. The analysis of variance or the Kruskal-Wallis
test was applied as appropriate. The x° test was used to
evaluate the differences in categorical variables between
study groups. All statistical tests were 2-sided. The relation-
ships between continuous variables were assessed by the
Spearman rank correlation. A multiple regression analysis
was used for identifying associates of STEMI and with MACE
as a dependent variable. Statistical significance was ac-
cepted at a p-value of less than 0.05. Statistical analysis
was performed using the STATISTICA 13.0 PL software
(StatSoft, Poland).

Results

Aclinical characteristic of study patients has been provided
in Table 1.

A total of 155 participants aged 48 to 76 years [mean
standard deviation (SD) age, 64 (13) years; men, 72%]
were enrolled. The mean + SD TIMI risk score in the STEMI
patients with STEMI were 3.68 + 2.67. The baseline char-
acteristics of the study population have been presented
in Table 1.

Serum levels of ucMGP were higher in patients with
STEMI than in those with CCS (2929 + 96.5 ng/mL; range,
689-16,310 ng/mL vs. 67.3 £ 32.3 ng/mL; range, 19.1-
-520.3 ng/mL, p < 0.0001). There were no differences in
ucMGP levels between patients with single-vessel and those
with the multivessel disease either in the STEMI or controls.

In patients with STEMI, ucMGP levels correlated with
peak troponin (r=0.35, p = 0.03), peak CK-MB,,..; (r = 0.41,
p =0.02), and hsCRP levels (r = 0.34, p < 0.001), as well
as with LVEF (r = -0.37, p = 0.01). There was no correla-
tion between ucMGP levels and the levels of low-density
lipoprotein cholesterol, triglycerides, high-density lipopro-
tein cholesterol, haemoglobin, and fasting glucose in either
group. In patients with CCS, ucMGP levels correlated only
with hsCRP levels (r = 0.42, p = 0.04). In both STEMI and
controls the levels of ucMGP were higher in patients with
diabetes compare to non-diabetic ones (STEMI: p = 0.03;
controls: p = 0.04; respectively).

In multivariate analysis ucMGP, hsCRP concentrations,
hypertension, diabetes, age, waist circumference were
independent associates of STEMI (Table 2). During the
post-infarction follow-up, 3 deaths occurred, 10 patients
revealed HF. Thus, combined MACE was observed in the
6.25% STEMI patients.

When the participants were compared concerning the
occurrence of MACE within the first month after the STEMI,
the ucMGP of 2832 + 92.2 ng/mL was observed in the
group presenting with the endpointand 2794 + 89.7 in the
remaining (p = 0.05). Among those who developed HF, the
ucMGP was 2937 + 92.4 ng/mL, while in patients without
HF the ucMGP was 2889 + 87.2 ng/mL in the group with-
out HF (p = 0.03). When ucMGP was assessed in relation
to death, there was no significant association (p = 0.07).
Multivariate analysis of ucMGP in relation to HF, after ad-
justing the confounders: age below 40 years or equal and
above 75 years old at admission, sex, diabetes mellitus,
LVEF bellow 50% at hospital discharge, anterior ST eleva-
tion, time to primary PCI treatment above 4 hours showed
an OR of 1.20 (95% Cl: 1.07-1.30, p = 0.04).

Discussion

To the authors’ knowledge, this is the first study that not
only compares ucMGP concentrations between patients
with STEMI and those with CCS but also assesses the re-
lationship between levels of ucMGP in the acute phase of
STEMI and combination of MACE including all-cause mor-
tality, HF within the first 30 days after MI. Higher serum uc-
MGP levels in patients with STEMI than in controls, as well
as the significant positive correlation between ucMGP and
CR, troponin and CK-MB levels in these patients, suggests
that some MGPs may be involved in acute inflammation
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Table 1. Baseline characteristics of the study population (N = 155)

Variable STEMI
N =80

Male sex, N [%] 62 (76)
Age, years 58.34 (11.33)
Hypertension, N [%] 75 (94)
Diabetes mellitus, N [%] 34 (42)
BMI [kg/m?] 25.3 (4.45)
Waist circumference [cm] 97.4 (4.67)
Smoking, N [%] 14 (18)
LVEF [%] 54.21 (3.41)
Coronary angiography, N [%]

Single-vessel disease 35 (44)
Two-vessel disease 43 (54)
Three- or multivessel disease 2(3)
LDL-C [mmol/L] (SD)* 2.60 (0.42)
Triglycerides [mmol/L] (SD)* 1.31 (0.5)
HDL-C [mmol/L] (SD)* 1.13(0.73)
Haemoglobin [g/dL] (SD)* 14.51 (0.78)
hsCRP [mg/dL] (SD)* 16.41 (4.21)
eGFR [mL/min] (SD)* 81(13.52)
Baseline CK-MB [U/1] (SD)* 23.51(3.45)
Peak CK-MB [U/I] (SD)* 45.52 (2.73)
Baseline hsTnT [ng/mL] (SD)* 0.76 (0.45)
Peak hsTnT [ng/mL] 6.56 (1.34)
Treatment on admission, N [%]

ACEI 60 (75)
ARB 709
Beta-adrenolytics 37 (46)
CCB 17 (21)
Diuretics 15 (19)
Antiplatelet agents 80 (100)
Statins therapy 39 (49)

CCs p-value
N=75

50 (67) 0.13
53.23 (10.57) 0.09
68 (91) 0.47
42 (56) 0.09
25.9 (3.98) 0.06
94.7 (4.85) 0.07
10 (13) 0.47
64.32 (4.33) 0.002
21(28) 0.04
48 (64) 0.19
6(8) 0.23
2.82(0.2) 0.09
1.23(0.3) 0.06
1.24(0.5) 0.08
14.32 (1.3) 0.65

2.73(1.24) <0.0001
78 (12.51) 0.56
54 (72) 0.67
9(12) 0.50
45 (60) 0.08
24 (32) 0.12
25(33) 0.03
75 (100) 1.00
48 (64) 0.05

*Data are shown as mean + standard deviation (SD); STEMI — ST-segment elevation myocardial infarction; CCS — chronic coronary syndromes; BMI — body mass index; LVEF — left ventricular ejection
fraction; LDL-C — low-density lipoprotein cholesterol; HDL-C — high-density lipoprotein cholesterol; eGFR — estimated glomerular filtration rate (CKD-EPI formula); hsCRP — high-sensitivity C-reactive protein;
CK-MB — creatine kinase-myocardial band; hsTnT — high-sensitivity troponin T; ACEI — angiotensin-converting enzyme inhibitor; ARB — angiotensin receptor blocker; CCB — channel calcium blocker

related to the size of myocardial necrosis, plaque rupture
and thrombosis in the course of acute myocardial ischemia.

We hypothesized that MGP secretion may be stimula-
ted by inflammatory cytokines, cell adhesion molecules,
and acute-phase proteins, which are released in STEMI.
In an experimental animal study, Yao et al. [10] demon-
strated that MGP was bound by serum-soluble heat shock
protein 70 (HSP-70), which is also released in myocardial
infarction and expressed in atherosclerotic lesions. This
may result in elevation of the plasma levels of the partially

active form, namely, ucMGP. In human studies, elevated
HSP-70 levels correlated with ischemic myocardial damage
[11]. In the presented study, the size of infarct (evaluated
based on troponin and CK-MB levels as well as LVEF) po-
sitively correlated with CRP levels as a marker of an acu-
te inflammatory reaction. The CRP synthesis is influenced
by interleukin 6, which enhances vascular calcification in
vitro [12], an action that is opposite to the function of the
active MGP form. The activation of MGP may play a multifa-
ceted protective role in artery integrity also in acute injury.
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Table 2. Univariate and multivariate regression analysis for identifying associates of ST-segment elevation myocardial infarction

Variables (0]3

Univariate analysis

Male sex 1.5

Age (years) 3.02
Hypertension 3.09
Diabetes mellitus 2.15
BMI [kg/m?] 1.45
Waist circumference [cm] 1.98
UCMGP [ng/mL] 1.92
hsCRP [ng/mL] 3.45
LDL-C [mmol/L] 115
Triglycerides [mmol/L] 1.27
HDL-C [mmol/L] 0.92
Multivariate analysis

Age (years) 1.47
Waist circumference > 100 cm 1.54
Hypertension 2.45
Diabetes 2.32
hsCRP [mg/dL] 1.45
UCMGP [ng/mL] 1.39

95% CI p-value
0.30-4.05 0.02
0.56-4.9 0.003
1.0-5.20 <0.0001
0.52-3.83 0.001
0.42-3.39 0.01
1.02-3.78 0.03
1.15-3.15 0.001
1.23-3.46 <0.00001
1.02-2.90 0.09
0.89-1.98 0.53
0.34-1.72 0.39
0.78-5.15 <0.0001
0.72-2.32 0.04
0.78-4.78 <0.0001
1.01-3.98 0.002
0.81-2.78 0.02
0.78-2.14 0.01

OR — odds ratio; Cl — confidence interval; BMI — body mass index; ucMGP — uncarboxylated matrix Gla proteins; hsCRP — high-sensitivity C-reactive protein; LDL-C — low-density lipoprotein cholesterol;

HDL-C — high-density lipoprotein cholesterol

Dahlberg et al. [13] observed increased concentrations
of dp-ucMGP in surgical patients in the early postoperative
period, and the expression of this protein was particularly
high in patients at cardiovascular risk. The authors postu-
lated poor levels of vascular vitamin K in those patients
and suggested next research about interactions between
perioperative corrective treatment with different types of
vitamin K supplements and cardiovascular complications.
Meanwhile, human studies on changes in ucMGP levels in
patients with myocardial infarction are very limited. In con-
trast to the presented results, Margonato et al. [14] did
not reveal any differences in the serum concentrations of
MGP between patients with STEMI and CCS; however, in
the presented and their studies MGP concentrations were
higher in patients with diabetes compared with nondia-
betic individuals.

In another study, Buyukterzi et al. [15] compared pa-
tients with acute coronary syndromes (ACS) and those with
normal coronary arteries on angiography. The levels of uc-
MGP were significantly higher in patients with ACS than in
those with normal epicardial coronary arteries. Similar to
this study, the ucMGP concentrations correlated with CRP
levels and LVEF, but in contrast to this study findings, the
authors did not report the association of ucMGP with tro-
ponin and CK-MB levels. Is possible that those differences

between studies arise from the larger size of Ml and se-
condary higher values of troponin, CK-MB levels in the
presented study (included only STEMI patients) compare
to previously published work (included also patients with
unstable angina, non -STEMI and STEMI).

Although in the presented work ucMGP levels (in addi-
tion to ageing, diabetes, hypertension, abdominal obesity
and hsCRP levels) were independent associates of STEMI
however ucMGP was not predictive of combined MACE wit-
hin 30 days after STEMI treated with primary PCI. On the
other hand, it has been demonstrated that ucMGP was
significantly higher in patients who developed HF within
30 days of the STEMI. The association remained also after
adjustment for age, sex diabetes, LVEF (at discharge), an-
terior ST elevation, time to primary PCI treatment. Results
suggest the potential role of matrix Gla proteins as a mar-
ker of HF development in short term follow-up after STEMIL.

The available studies have assessed the mechanism of
MGP expression only in disorders associated with chronic
low-grade systemic inflammation. Although the presented
study does not elucidate the role or the mechanism of MGP
expression in acute MI, elevated MPG levels in patients with
STEMI and its predictive value in STEMI and HF in short
term follow-up indicate the need for further research on
the biological function of MGPs.

88 www.journals.viamedica.pl/folia_cardiologica



Ewa Konduracka et al., Matrix Gla protein in patients with myocardial infarction

Acknowledgements Conflict of interest

The study was supported by a grant from Jagiellonian Uni- The authors declare no conflict of interest.

versity Medical College (N41/DBS/000098; to EK).

Streszczenie

Wprowadzenie. Biatka macierzy Gla (MGP) uwaza sie za naturalne inhibitory wapnienia tkanek miekkich w przewlektych sta-
nach zapalnych. Jednak stezenie MGP w ostrym procesie zapalnym towarzyszacym zawatowi serca zostato stabo zbadane.

Celem tego badania byto poréwnanie stezen niedokarboksylowanego MGP (ucMGP) w surowicy u pacjentow z zawatem
serca z uniesieniem odcinka ST (STEMI) ze stezeniami ucMGP u 0s6b z przewlektymi zespotami wiericowymi (CCS) oraz
zbadanie zwigzku miedzy stezeniem ucMGP a podwyzszonym ryzykiem powaznych niepozadanych zdarzen sercowo-
-naczyniowych (MACE) u pacjentow ze STEMI.

Materiat i metody. Do badania wiaczono 155 kolejnych pacjentéw (Srednio + odchylenie standardowe 64 + 13 lat),
w tym 80 pacjentow ze STEMI jako pierwsza manifestacjg choroby wieficowej oraz 75 pacjentow z CCS jako grupg
kontrolna. Probki krwi pobrano w pierwszych 24 h od przyjecia do szpitala w celu oceny stezenia ucMGP. Oceniono MACE
ztozony ze Smiertelnosci ogdlnej oraz niewydolnosci serca (HF) w pierwszych 30 dniach po zawale serca.

Wyniki. Stezenie ucMGP byly istotnie wyzsze u pacjentoéw ze STEMI niz w grupie kontrolnej (2929 + 96,5 ng/ml vs. 67,3
+ 32,3 ng/ml; p < 0,0001). Stwierdzono istotng dodatnia korelacje miedzy ucMGP, biatkiem C-reaktywnym oznaczanym
metoda wysokoczutg oraz stezeniem troponiny sercowej. Analiza wieloczynnikowa wykazata, ze ucMGP byt niezaleznie
zwigzany z wystgpieniem STEMI (iloraz szans [OR] 1,39; przedziat ufnosci [Cl]: 0,78-2,14; p = 0,01). Jednakze stezenie
ucMGP nie byto predyktorem ztozonego MACE, ale wigzato sie niezaleznie z wystapieniem HF 30 dni po STEMI (OR,
1,20; 95% Cl: 1,07-1,30; p = 0,04).

Whioski. Podwyzszone stezenie ucMGP u pacjentéw ze STEMI wskazuje, ze niektore MGP moga uczestniczyé takze

w ostrych stanach zapalnych.

Stowa kluczowe: niedokarboksylowane biatko macierzy Gla, zawat serca, przewlekty zespot wiencowy
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Abstract

Obstructive sleep apnoea (OSA) is one of the most common sleep-related breathing disorders. New epidemiological
studies show that the disease is much more prevalent in the general population than previously believed. Individuals
with cardiovascular diseases are a special group of patients suffering from OSA as the prevalence of the disorder among
them is much greater than in the general population, and it can constitute an isolated risk factor for the development of
some cardiovascular diseases. This article will discuss methods for diagnosing OSA, its epidemiology among patients
with particular cardiovascular diseases and the prospects for the development of screening examinations.
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Introduction

Physiological sleep is of fundamental importance for the
development, regeneration and functioning of the nervous
system as well as consolidation of memory pathways. It
helps maintain proper cleansing of neurons which prevents
later degenerations of the nervous system. It also affects
the proper functioning of the cardiovascular system, phy-
siological hormonal play, has an impact on the mood and,
indirectly, on each cell of the body. Sleep-related disorders
are a multidisciplinary problem which draws the attention
of an increasing number of researchers. On the one hand,
lack of proper sleep may reduce the productivity of an
individual and be a cause of accidents due to impaired
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concentration during the day. On the other hand, disorde-
red architecture of sleep and some of its pathologies are
a factor favouring the development of serious diseases,
such as hypertension, atherosclerosis, brain stroke and
myocardial infarction [1].

Breathing disorders are among the most serious patho-
logies of sleep. The term encompasses a number of con-
ditions characterized by various levels of ventilation disor-
ders. According to the guidelines of the American Academy
of Sleep Medicine (AASM), which were updated in 2017,
we can distinguish such disease entities as: obstructive
sleep apnea syndrome, central sleep apnea syndrome,
Cheyne-Stokes Respiration, and alveolar hypoventilation
syndrome [2].
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Obstructive sleep apnoea (OSA) is one of the most com-
mon sleep-related breathing disorders. It is characterized
by multiple episodes of complete collapsing or narrowing
of the upper airway lumen in the absence of impaired fun-
ction of the breathing muscles. They result in a significant or
complete cessation of airflow in the respiratory tract. Such
episodes are usually accompanied by a decrease in arte-
rial blood oxygen saturation proportional to the duration of
apnoea and the degree of airway obstruction. In response
to hypoxia, the work of breathing muscles intensifies in or-
der to “break through” the increased resistance of the re-
spiratory tract, which usually results in short, unconscious
arousals from sleep. OSA can only be diagnosed if apnoea
or shallow breathing last for at least 10 seconds and occur
5 times an hour during sleep. The number of episodes (of
apnoea and shallow breathing) per hour is referred to as
the apnoea-hypopnoea index (AHI). On the basis of this
index, we can distinguish mild (AHI from 5 to < 15), mode-
rate (AHI from 15 to < 30) and severe (AHI > 30) OSA. Cur-
rently, shallowing of breathing accompanied by arousals is
also included in the AHI. Scales evaluating sleepiness du-
ring the day, such as the Epworth Sleepiness Scale (ESS),
are used to determine the severity of the disease; howe-
ver, due to their low sensitivity, their usefulness in clinical
practice is decreasing.

Epidemiological data are vague, most likely due to poor
availability of diagnostics as well as insufficient awareness
of the problem, among both physicians and patients. Based
on the conducted epidemiological studies, it is estimated
that the incidence of moderate and severe OSA in the ge-
neral population ranges from 6% to 17%, while even 38%
of the population may be suffering from a mild form of the
disease [3]. On average, the problem concerns 22% of men
and 17% of women in all age groups [4]. In HypnoLaus —
a study involving a large population (3,043 participants),
conducted by Swiss researchers — the prevalence of mo-
derate and severe sleep-related breathing disorders (AHI
> 15) reached 23.4% among women and 49.7% among
men [5]. Young men suffer from the disorder 2-3 times
more often than women, and the prevalence increases
with age. Apart from age and the male sex, risk factors for
0SA include obesity, neck circumference equal to or ex-
ceeding 43 cm in men and 40 cm in women, anatomical
abnormalities of the facial skeleton and upper respiratory
tract. Risk factors whose association with OSA is less pro-
ven include smoking and positive family history of sleep-
-related breathing disorders. Alcohol, hypnotic drugs and
myorelaxants may exacerbate sleep-related breathing di-
sorders, but so far it has not been proven that they contri-
bute to the development of OSA. Greater prevalence than
in the general population is also observed in some groups
of patients, especially those suffering from congestive he-
art failure [6], hypertension [7], atrial fibrillation [8], type
2 diabetes [9] and obesity, end-stage renal failure [10] as

well as chronic lung diseases and patients in such physio-
logical states as pregnancy [11].

Symptoms of OSA are classically divided into nocturnal
and diurnal symptoms. Nocturnal symptoms include loud
and irregular snoring, presence of apnoea during sleep (ob-
served by, for example, the partner), nightmares, frequent
arousals, difficulties in falling asleep, excessive perspiration
and nycturia as well as attacks of dyspnoea during sleep.
During the day, patients can be excessively drowsy (even af-
ter a seemingly good night’s sleep), may observe cognitive
decline, decreased libido and sexual potency, throat aches,
drying of mucosa as well as tendency towards depression.
As mentioned above, obstructive sleep apnoea frequently
accompanies other diseases, but can also be responsible
for the development thereof. It has been confirmed that
OSA is a risk factor for the development of cardiovascular
diseases, including brain stroke, ischaemic heart disease
and hypertension. Chronic, intermittent hypoxia may lead
to activation of the adrenergic and leptinergic system [12]
and, in consequence, to metabolic disorders and complica-
tions, such as diabetes, obesity and dyslipidemia — regar-
dless of initial obesity [13]. Men suffering from OSA are also
significantly more likely to experience erectile dysfunction
[14]. Due to the impairment of cognitive abilities, obstructi-
ve sleep apnoea has a negative impact on psychophysical
abilities of drivers. OSA has been identified in Directive of
the European Union of 2014 as one of the most important
risk factors for car accidents [15].

While diagnosing a patient in whom OSA is suspected,
the physician should take into account their thorough hi-
story of sleep and sleep disorders and conduct a comple-
te physical examination of the respiratory, circulatory and
nervous system. If the patient reports symptoms that may
indicate the occurrence of breathing disorders and risk
factors are present, they should be referred for a complete
diagnostic evaluation. In the case of OSA, the evaluation
includes questionnaires and clinical scales subjectively
assessing nocturnal and diurnal symptoms as well as an
examination during which sleep-related breathing disorders
are recorded. Without an examination consisting in recor-
ding sleep-related breathing disorders, clinical evaluation
scales are not sufficient to diagnose OSA. For years, poly-
somnography (PSG) has been the gold standard in diagno-
stic evaluation. The examination must be conducted in clini-
cal conditions and be supervised by medical staff. With the
advancement of technology in the market, portable devices
(PM, portable monitoring; HSAT, home sleep apnoea test)
for monitoring sleep-related breathing disorders began to
appear on the market. Thanks to their simpler design and
much better availability, they have become useful tools in
diagnostic evaluation of OSA, and in some cases they are
sufficient for making the diagnosis. AASM recommends
that PSG or an examination with the use of an adequate
portable device be conducted in patients without severe
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complications, in whom moderate or severe OSA is suspec-
ted on the basis of their symptoms and history [16]. PSG,
on the other hand, is the preferred method in patients with
severe heart and lung diseases, neuromuscular diseases,
insomnia and patients chronically taking opioids. Currently,
portable devices are also not recommended for screening
examinations or for examinations conducted in patients wit-
hout symptoms of OSA. A recently published meta-analysis
of data [17] calls into question the sensitivity and clinical
usefulness of all available methods of screening for OSA in
asymptomatic patients. As of the date of writing this artic-
le, American Associations do not recommend conducting
screening tests in patients without symptoms.

Examinations used in diagnostic evaluation of breathing
disorders include:

— classic PSG, supervised throughout the entire night and
performed at a sleep lab;

— unsupervised PSG with all channels necessary for the
assessment of sleep structure and breathing;

— examinations conducted with the use of instruments
monitoring at least 3 physiological variables — respi-
ratory effort, airflow through the upper respiratory tra-
ct and blood oxygenation (including the above-mentio-
ned HSAT);

— other examinations during which no more than two va-
riables are recorded.

Of the above examinations, only the classic, supervi-
sed PSG cannot be performed on an outpatient basis. The
other ones can be also conducted at the patient’s home
(PM, HSAT). The PSG examination is conducted at a dedi-
cated lab, where the patient stays overnight and is con-
tinuously supervised by the medical staff. PSG involves
continuous, simultaneous observation and recording of
various physiological processes occurring during sleep. It
includes electroencephalography (EEG), electrooculography
(EOG), electromyography (EMG), electrocardiography (ECG),
respiratory flow tests, respiratory effort and blood oxygen
saturation measurement. The examination currently con-
stitutes a gold standard for diagnosing OSA. It can also be
used to appropriately select treatment parameters for con-
tinuous positive airway pressure (CPAP) therapy as well as
for post-therapy follow-up.

Portable devices (PM, HSAT) monitoring one to seve-
ral parameters are also useful in OSA diagnostics. These
devices usually differ in terms of their complexity and the
amount of measured data, but they are united by common
features that distinguish them from classic PSG, namely
lower price as well as greater availability and convenien-
ce for the patient (no need to spend a night at a medical
facility). They may constitute an alternative to PSG in the
diagnosis of patients without severe complications, with
medical history and symptoms indicating OSA. Diagnosis
with the use of HSAT is also suggested for patients requi-
ring urgent diagnosis and prompt introduction of treatment

when PSG is not available. According to the guidelines of
AASM, portable devices which do not require the supervi-
sion of medical staff are sufficient to make diagnosis in pa-
tients in whom the probability of moderate and severe OSA
is already high before the examination. A comprehensive
evaluation of sleep, however, should still be conducted by
a specialist. In addition, patients with severe comorbidities
cannot be diagnosed with the use of the HSAT method [18].

In 2020, due to the widespread prevalence of OSA in
the general population as well as the presumed large un-
derestimation of the problem, six major American associa-
tions dealing with sleep-related breathing disorders develo-
ped a document that attempted to standardize the nomen-
clature and juxtapose HSAT devices with the classic PSG
as well as their place in contemporary diagnostic evalua-
tion of sleep-related breathing disorders and clinical trials
[19]. According to experts, HSAT devices can be useful in
diagnosing OSA. In clinical trials evaluating such devices,
the profile of the studied patients should be as close as
possible to the target group of patients that are likely to
benefit from such diagnostics. Panel members also evalu-
ated what parameters should be measured by HSAT. They
undoubtedly include saturation and nasal airflow or nasal
cavity pressure, heart rate and respiratory effort measure-
ment. It was noticed, however, that the exact number and
quality of measurement channels should depend on the
clinical issue being examined. Each examination techno-
logy, if properly validated with PSG, may prove to be inde-
pendently effective in the diagnosis of specific breathing
disorders during sleep.

OSA and cardiovascular diseases

Data from large epidemiological studies suggest that
obstructive sleep apnoea constitutes and independently
significant factor in the development and progress of such
cardiovascular diseases as hypertension, heart failure, co-
ronary artery disease as well as various arrhythmias, inclu-
ding atrial fibrillation. Severe OSA increases the risk of both
fatal and non-fatal cardiovascular incidents, especially in
men. The risk is significantly reduced by CPAP therapy [20].

OSA simultaneously damages the cardiovascular sy-
stem through several mechanisms — mechanical, chemi-
cal and neurohumoral and as a result of an inflammatory
response. Decreased intrathoracic pressure, hypoxia and
arousal are the direct results of an increased respiratory
drive in obstructed airways. “Negative” intrathoracic pres-
sure increases left atrial afterload, causes stretching of
atrial walls and increases myocardial oxygen demand which
can impair ejection fraction. It is believed that higher inci-
dence of atrial fibrillation in OSA patients is caused by the
effect on the mechanoreceptors of atrial walls as well as
stretching of the walls. Reflex increase in the sympathetic
nervous system tension causes an increase in myocardial
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oxygen demand during impaired gas exchange and hypo-
xemia, which may cause symptoms of myocardial ischae-
mia. OSA is also associated with increased oxidative stress
and initiation of vascular endothelium-related inflammato-
ry cascade [21]

Observational studies using both PSG and portable
devices showed that OSA is more prevalent among heart
failure patients with impaired ejection fraction than in the
general population (53% vs. 12%) [6]. Cardiac systolic dys-
functions correlate with the degree of OSA, and more com-
monly occur in a moderate or severe form. It is an interes-
ting observation that in the case of OSA and heart failure
patients the diurnal symptoms of OSA are less severe and
the ESS scale is not very useful. Data on patients with he-
art failure and preserved fraction are less available. On the
other hand, observational studies proved that CPAP therapy
with constant pressure reduced sympathetic activity, blood
pressure as well as ESS scores and improved left ventricu-
lar systolic function, which may indirectly reduce the risk
of readmission to hospital and death [6].

The risk of nocturnal myocardial ischaemia is increa-
sed in patients with severe OSA. Breathing disorders and
significant desaturation almost double the risk of sudden
cardiac death, regardless of other risk factors. OSA pa-
tients most often die of sudden cardiac death between
midnight and 6 am [21]. Evidence from epidemiological
studies indicate that apart from having an impact on the
risk factors for ischaemic heart disease (hypertension,
atherosclerosis), OSA may also be an independent risk
factor for coronary artery disease [22]. The exact mecha-
nism of the phenomenon has not been explained yet, but
inflammatory aetiology seems most likely. It is estimated
that mild, moderate and severe OSA occurs in, respecti-
vely, 69%, 43% and 25% of patients with acute coronary
syndrome [23]. Therefore, it seems legitimate to conduct
diagnostics in this group of patients, given the fact that
the prognosis is worse if OSA is left untreated [24]. A re-
cent study involving more than 1,000 patients with advan-
ced coronary artery disease eligible for coronary artery
bypass grafting (CABG) [25] also showed that moderate
and severe OSA was common, occurring in 50.9% of in-
dividuals in this group of patients. The study also proved
that in patients with coronary artery disease, OSA was an
independent factor contributing to major cardiovascular
events, including death.

Another study was published in 2018. It was a meta-
-analysis within the framework of which major adverse car-
diac events (MACE), including death from cardiovascular
causes, myocardial infarction, brain stroke, repeated need
for coronary revascularization as well as hospitalizations
due to heart failure, were evaluated as endpoints [26].
Nine studies, including 2 randomized ones, were analy-
sed. In observational studies, CPAP therapy was associa-
ted with a significantly lower risk of MACE, but these data

were not confirmed in randomized studies. Treatment of
0SA patients with concomitant coronary artery disease can
potentially decrease the risk of recurrence of a cardiova-
scular event, but the role of CPAP in secondary prevention
of myocardial infarction is currently being debated due to
the lack of expected results in randomized studies [27].
Results of the SAVE study, published in 2016 [28], even
suggest that CPAP therapy reduces the intensity of sno-
ring, drowsiness during the day and improves the quality
of life and mood, but has no grater impact on the risk of
cardiovascular events than standard medical care. These
doubts can only be resolved after conducting extensive epi-
demiological studies concerning the occurrence of OSA in
patients with coronary artery disease.

Numerous studies conducted over the years in Europe,
the United States and Australia proved that OSA was as-
sociated with the development of hypertension. Through
the above-mentioned mechanisms, apnoea and hypoxia
cause activation of the sympathetic system and spikes in
blood pressure, which over time progress to chronic hyper-
tension. In a prospective study involving participants of the
Wisconsin Sleep Cohort Study, it was shown after a 4-ye-
ar-long observation period, which included the impact of
age, sex, body build as well as the use of such stimulants
as alcohol and cigarettes, that patients with moderate and
severe OSA were, respectively, two and three times more
likely to develop hypertension than healthy persons [7].
Thus, OSA constitutes an independent factor for the deve-
lopment of hypertension, and the degree of the respiratory
disorder correlates with the risk of hypertension. Patients
with resistant hypertension, who represent up to a dozen
or so percent of patients with diagnosed hypertension,
are at a particularly high risk of OSA. Given the number of
patients with hypertension in Poland, there may be up to
one million individuals with resistant hypertension requi-
ring diagnosis and treatment of OSA.

Arrhythmias are another pathology associated with OSA.
Studies using PSG showed that patients with obstructive
sleep apnoea experienced nocturnal arrhythmias more of-
ten than individuals who do not suffer from this disease. It
is estimated that the incidence of atrial fibrillation is approx.
4.8% higher in OSA patients than in the general population
[8]. It seems that diagnosis for respiratory disorders sho-
uld also be conducted in this group of patients. According
to data from randomized studies, the mean HR values and
the number of premature ventricular contractions during
sleep were lower in patients undergoing CPAP therapy due
to OSA. The application of CPAP therapy is also associated
with a significant reduction in atrial fibrillation recurren-
ce, even after ablative treatment or electric cardioversion
[29]. In a 2015 meta-analysis of data it was proven that the
application of CPAP therapy in patients who had undergo-
ne an intervention due to atrial fibrillation reduced the risk
of AF recurrence by 44% [30]. OSA is currently believed to
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be a risk factor for AF recurrence and the implementation
of OSA diagnostics is recommended in secondary preven-
tion of this arrhythmia [31]. In recent years it has also been
observed that various cardiovascular diseases leading to
the need for pacemaker implantation are associated with
the concomitant presence of undiagnosed OSA. In a mul-
ticentre study involving patients with pacemakers implan-
ted due to cardiomyopathy, atrioventricular blocks or sinus
node diseases all patients were initially unaware of the fact
that they suffered from sleep-related breathing disorders.
Based on PSG, obstructive apnoea during sleep was ob-
served in as many as 59% of patients, and in over 21% of
those patients AHI exceeded 30 [32]. It shows how com-
mon sleep-related breathing disorders are among cardiac
patients and how often they can remain undiagnosed by
attending physicians.

Currently, patients in Poland are referred for PSG on
the basis of symptoms of sleep-related breathing disor-
ders as well as data from medical history. The examina-
tion is also recommended in particular disease entities,
for example in the case of resistant hypertension and se-
condary prevention of atrial fibrillation in patients with risk
factors. OSA is also ruled out within the framework of the
diagnostic and certification process qualifying professio-
nal drivers and driving licence applicants who experien-
ce symptoms of the disease or have a suggestive history.
A doctor specializing in sleep medicine — usually a pulmo-
nary specialist — verifies whether patients are eligible for
such an examination. The examination of sleep-related
breathing disorders has not been directly included in the
guidelines for diagnostics and treatment of the above-de-
scribed cardiovascular diseases, except for resistant hy-
pertension and secondary prevention of atrial fibrillation.
However, taking into account only patients suffering from
this disease (estimated at 12-16% of all hypertensive pa-
tients), more than one million potential patients can bene-
fit from PSG. Apart from that, there are also patients with
other cardiovascular diseases as well as non-cardiac pa-
tients and examinations conducted within the framework
of post-treatment follow-up. For economic reasons alone,
it is virtually impossible to conduct so many PSG in our
health care system. However, portable devices and HSAT
systems can help. These solutions are cheaper, more re-
adily available and more convenient for patients. Clinical
studies also confirm that despite being slightly less sens-
itive, HSAT devices are much more cost-effective [33] and
can be successfully used for diagnosing OSA. Given the
fact that it is not possible to refer a large number of pa-
tients for PSG, portable devices seem to be the future of
sleep-disordered breathing diagnostics.

Obstructive sleep apnoea is both the cause and a com-
mon denominator of many cardiovascular diseases. Current
knowledge of this condition indicates that it is underdiag-
nosed in and the availability of diagnostics and specialist

treatment is poor. At this point it seems that the main cau-
se of the above problems in our health care system is the
lack of standardization of readily available and inexpensive
diagnostic devices that can unburden specialized health
care. Devices using modern technologies to detect sleep-
-related breathing disorders are already available in the
market. An example can be Clebre — a wireless acoustic
sensor monitoring sleep-related breathing disorders, which
continuously analyses recordings of auscultatory phe-
nomena with the use of artificial intelligence algorithms
[34]. The device can be used at home and does not have
to operated by medical staff. Results of the examination
can be sent to the physician immediately after its comple-
tion. Nevertheless, further population studies evaluating
the effectiveness of such tools as CLEBRE in screening
for OSA in specific subpopulations of cardiac patients and
others are still needed in order to increase the number of
diagnosed OSA cases.
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Streszczenie

Obturacyjny bezdech podczas snu (OSA) jest jednym z najczeSciej wystepujacych zaburzen oddychania we Snie. Nowe
badania epidemiologiczne wskazujg na duzo wieksze rozpowszechnienie schorzenia w ogolnej populacji niz wezesniej
sadzono. Szczegblng grupg chorych sg pod tym wzgledem pacjenci obcigzeni chorobg uktadu sercowo-naczyniowego,
wsrod ktorych 0Sa wystepuje zdecydowanie czesciej niz w ogolnej populacji oraz moze stanowic izolowany czynnik
ryzyka rozwoju niektoérych schorzen kardiologicznych. W artykule oméwiono metody diagnostyki OSA, epidemiologie
w poszczegblnych schorzeniach kardiologicznych oraz perspektywy rozwoju badan przesiewowych.

Stowa kluczowe: OSA, obturacyjny bezdech podczas snu, epidemiologia, diagnostyka, nadcisnienie tetnicze,
niewydolnoS¢ serca, migotanie przedsionkow, choroba wiencowa

Wstep

Fizjologiczny sen ma fundamentalne znaczenie dla rozwoju,
regeneracji, funkcjonowania uktadu nerwowego i utrwalania
szlakoéw pamieciowych. Pomaga w utrzymaniu prawidtowego
0czyszczania neurondw, co zapobiega poézZniejszym zwyrod-
nieniom uktfadu nerwowego. Ma takze wptyw na prawidtowe
dziatanie ukfadu krazenia, fizjologiczng gre hormonalna,
wptywa na nastrdj cztowieka, a poSrednio oddziatuje na
kazdg komorke ciata. Zaburzenia dotyczace snu sg proble-
mem wielodyscyplinarnym, przykuwajacym coraz wieksza
uwage badaczy. Z jednej strony brak odpowiedniego snu
moze prowadzi¢ do zmniejszenia produktywnosci oraz byé
przyczyng wypadkow spowodowanych zaburzeniami koncen-
tracji w ciggu dnia. Z drugiej strony zaburzona architektura
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snu oraz niektére jego patologie okazujg sie czynnikiem
rozwoju powaznych chorob, takich jak nadciSnienie tetnicze,
miazdzyca, udar mézgu czy zawat serca ([1]).

Jedna z najpowazniejszych patologii dotyczgcych snu
sg zaburzenia oddychania. Termin ten zawiera w sobie sze-
reg standw, ktérych wspdlnym mianownikiem sg réznego
stopnia zaburzenia wentylacji. Wedtug wytycznych Ameri-
can Academy of Sleep Medicine (AASM) uaktualnionych
w 2017 roku mozna wyr6zni¢ takie jednostki chorobowe,
jak: obturacyjny bezdech podczas snu (OSA, obstructive
sleep apnoea), centralny bezdech podczas snu (CSA, cen-
tral sleep apnoea), oddech Cheyne’a-Stokesa oraz zespot
hipowentylacji pecherzykéw ptucnych [2].

Obturacyjny bezdech podczas snu jest jednym z naj-
czesciej wystepujgcych zaburzen oddychania we $nie.
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Charakteryzuje sie on licznymi epizodami catkowitego za-
padania lub zwezania sie Swiatta gornych droég oddecho-
wych przy braku uposledzenia funkcji miesni oddechowych.
W efekcie dochodzi do znacznego ograniczenia lub catkowi-
tego wstrzymania przeptywu powietrza w drogach oddecho-
wych. Takim epizodom towarzyszy zazwyczaj obnizenie wy-
sycenia tlenem krwi tetniczej proporcjonalnego do dtugosci
bezdechu i stopnia obturacji drég oddechowych. W reakcji
na hipoksje dochodzi do wzmozonej pracy miesni oddecho-
wych w celu ,przetamania” zwiekszonego oporu drég odde-
chowych, co zazwyczaj konczy sie krotkim, nieSwiadomym,
wybudzeniem ze snu. Niezbedne do rozpoznania OSA jest
wystepowanie bezdechéw lub sptycen oddychania trwaja-
cych co najmniej 10 s w liczbie 5 na godzine snu. Liczbe epi-
zodow (bezdechdw i sptycer oddechu) na godzine okresla
sie jako wskaznik bezdechow i sptyconych oddechow (AHI,
apnoea-hypopnoea index). Na podstawie tego wskaznika
mozna wyr6zni¢ tagodny (AHI od 5 do < 15), Sredni (AHI od
15 do < 30) oraz ciezki OSA (AHI > 30). Obecnie sptycenie
oddychania z towarzyszacym wybudzeniem réwniez wlicza
sie do AHI. Do oszacowania stopnia zaawansowania cho-
roby stuzg réwniez skale do oceny sennosci w ciggu dnia,
na przyktad Epworth Sleepiness Scale (ESS), ale z powo-
du niskiej czutosci ich przydatnosé w praktyce klinicznej
jest coraz mniegjsza.

Dane epidemiologiczne sg mato precyzyjne, prawdopo-
dobnie ze wzgledu na stabg dostepnos¢ diagnostyki oraz
niewystarczajaca Swiadomos¢ problemu — zaréwno wsrod
pacjentow, jak i lekarzy. Na podstawie przeprowadzonych
badan epidemiologicznych czestos¢ wystepowania umiarko-
wane;j i ciezkiej postaci zespotu w populacji ogolnej szacuje
sie na 6-17%, natomiast postac tagodna moze dotyczy¢
nawet do 38% populacji [3]. Problem ten dotyczy Srednio
22% mezczyzn i 17% kobiet we wszystkich grupach wieko-
wych [4]. Natomiast w szwajcarskim badaniu HypnoLaus,
przeprowadzonym w duzej populacji (3043 uczestnikow),
rozpowszechnienie umiarkowanych i ciezkich zaburzen od-
dychania podczas snu (AHI > 15) wynosito 23,4% wSrod
kobiet i 49,7% wsrod mezczyzn [5]. Mezczyzni w mtodym
wieku chorujg 2-3-krotnie czeSciej niz kobiety, a chorobo-
wos¢ zwieksza sie z wiekiem. Poza wiekiem i ptcig meskag
do czynnikéw ryzyka rozwoju OSA zalicza sie rowniez oty-
to$¢, obwod szyi 43 cm i wiecej u mezczyzn oraz 40 cm
i wiecej u kobiet, a takze nieprawidtowo$ci anatomiczne
twarzoczaszki i gornych drég oddechowych. Do czynni-
kow ryzyka o stabiej udowodnionym zwigzku z OSA nalezg
rowniez palenie papierosoéw oraz dodatni wywiad rodzinny
w kierunku zaburzen oddychania we $nie. Alkohol, leki na-
senne i miorelaksacyjne mogg nasila¢ zaburzenia oddy-
chania podczas snu, ale dotychczas nie udowodniono ich
roli w rozwoju OSA.

Wieksze rozpowszechnienie niz w populacji ogolnej
obserwuje sie rowniez w niektorych grupach pacjentow,
zwtaszcza chorujacych na zastoinowg niewydolnosé serca

[6], nadci$nienie tetnicze [7], migotanie przedsionkow [8],
cukrzyce typu 2 [9] i otytosé, schytkowa niewydolnoS¢ ne-
rek [10] oraz przewlekte choroby ptuc, a takze w takich fi-
zjologicznych stanach, jak cigza [11].

Objawy OSA klasycznie dzieli sie na wystepujace w nocy
oraz w trakcie dnia. Do objawow nocnych zalicza sie gtos-
ne i nieregularne chrapanie, obecno$¢ bezdechoéw pod-
czas shu (zaobserwowana np. przez partnera/partnerke
chorego), koszmary senne, czeste wybudzenia, trudnosci
w zasypianiu, nadmierng potliwoS¢ i nykturie oraz napady
duszno$ci w trakcie snu. W trakcie dnia chorzy mogg by¢
niewyspani i nadmiernie senni (nawet po pozornie przespa-
nej nocy), moga obserwowaé ostabienie funkcji poznaw-
czych, ostabienie libido i potencji, béle gardta, wysychanie
Sluzéwek, sktonnosé do depresji. Jak wspomniano wyzej,
OSA czesto towarzyszy niektorym stanom chorobowym, ale
moze byé rowniez odpowiedzialny za ich rozw6j. Obturacyj-
ny bezdech podczas snu jest potwierdzonym czynnikiem ry-
zyka rozwoju choréb uktadu sercowo-naczyniowego, w tym
udaru mézgu, choroby niedokrwiennej serca oraz nadcis-
nienia tetniczego. Przewlekta, przerywana hipoksja moze
prowadzi¢ do aktywacji uktadéw adrenergicznego i lepty-
nergicznego [12], a w konsekwencji — do zaburzef meta-
bolicznych i takich powiktan, jak cukrzyca, otyto$¢ i dyslipi-
demia, niezaleznie od wyjSciowej otytosci [13]. Mezczyzni
z OSA zdecydowanie czeSciej doswiadczajag rowniez zabu-
rzen erekcji [14]. Pogarszajac zdolnosci poznawcze, OSA
negatywnie wptywa na zdolnosSci psychofizyczne kierow-
cow, dlatego w dyrektywie Unii Europejskiej z 2014 roku
OSA uznano za jeden z najwazniejszych czynnikow ryzyka
wypadkéw samochodowych [15].

W ocenie pacjenta z podejrzeniem OSA lekarz powinien
uwzglednic¢ doktadny wywiad dotyczacy snu i jego zaburzen
oraz wykonacé petne badanie przedmiotowe uktadéw odde-
chowego, krwionosnego i nerwowego. Jesli pacjent zgtasza
objawy mogace Swiadczyé o wystepowaniu zaburzef od-
dychania podczas snu i obecne sg czynniki ryzyka, to pa-
cjent powinien zosta¢ skierowany na petng diagnostyke.
W przypadku OSA obejmuje ona kwestionariusze i skale
kliniczne stuzace do subiektywnej oceny nocnych i dzien-
nych objawow oraz badanie rejestrujace zaburzenia oddy-
chania podczas snu. Kliniczne skale oceny bez badania
rejestrujgcego zaburzenia oddychania w trakcie snu nie
wystarczaja, by rozpoznaé OSA. Od lat ,ztotym standardem”
w postepowaniu diagnostycznym jest badanie polisomno-
graficzne (PSG), ktére musi byé przeprowadzane w warun-
kach klinicznych, pod nadzorem personelu medycznego.
Wraz z rozwojem technologii na rynku pojawity sie réwniez
przeno$ne urzadzenia do monitorowania zaburzef oddy-
chania podczas snu (PM, portable monitoring; HSAT, home
sleep apnoea testing). Ze wzgledu na prostszg konstrukcje
i znacznie fatwiejsza dostepnos¢ sa wartosciowymi narze-
dziami w diagnostyce OSA i w okreSlonych przypadkach sa
wystarczajgce, by dokonac rozpoznania. American Academy
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of Sleep Medicine zaleca badanie PSG lub odpowiednim

urzadzeniem przenoSnym u pacjentéw bez ciezkich powi-

ktan, u ktorych na podstawie objawow i wywiadu podejrze-
wa sieumiarkowany lub ciezki OSA [16]. Natomiast badanie

PSG jest preferowane u pacjentow z istotng chorobg serca,

ptuc, chorobami nerwowo-mieSniowymi, bezsennoscig oraz

przewlekle przyjmujacych leki opioidowe. Obecnie urzgdze-
nia przenos$ne nie sg rowniez zalecane do badan przesiewo-
wych ani do badan u pacjentdéw bez objawdw Swiadczacych

0 OSA. W niedawno opublikowanej metaanalizie danych

[17] podano w watpliwosé czutosé i przydatnos¢ kliniczna

wszystkich dostepnych metod przesiewowych dotyczacych

OSA u bezobjawowych pacjentow. Towarzystwa amerykan-

skie na dzien pisania artykutu nie zalecaja przesiewowego

badania u pacjentow niezglaszajacych objawow.

Wsréd badan wykorzystywanych w diagnostyce zabu-
rzefh oddychania mozna wyroznic:

— PSG klasyczng nadzorowang podczas catej nocy i wy-
konywanag w pracowni snu;

— PSG niedozorowang ze wszystkimi kanatami potrzeb-
nymi do oceny struktury snu i oddychania;

— badania wykonywane za pomocg aparatow, ktére mo-
nitoruja co najmniej trzy zmienne fizjologiczne, tj. wysi-
tek oddechowy, przeptyw powietrza przez gorne drogi
oddechowe oraz utlenowanie krwi, bez oceny struktury
snu (w tym wspomniane wczesniej HSAT);

— pozostate badania, podczas ktorych rejestruje sie nie
wiecej niz dwie zmienne fizjologiczne.

Z powyzszych badan tylko klasycznej, nadzorowanej
PSG nie mozna wykonaé ambulatoryjnie, pozostate badania
moga by¢ wykonane réwniez w domu pacjenta (PM, HSAT).
Do przeprowadzenia badania PSG stuzy odpowiednia pra-
cownia, w ktorej pacjent pozostaje na noc i jest pod statym
nadzorem personelu medycznego. Badanie polisomnogra-
ficzne polega na ciagtej, jednoczasowej obserwaciji i zapisie
réznych proceséw fizjologicznych wystepujacych w trakcie
snu. W jego sktad wchodza: elektroencefalografia (EEG),
elektrookulografia (EOG), elektromiografia (EMG), elektro-
kardiografia (EKG), badanie przeptywu powietrza przez dro-
gi oddechowe, pomiar wysitku oddechowego oraz wysyce-
nia krwi tetniczej tlenem. Badanie to jest obecnie ,ztotym
standardem” w rozpoznawaniu OSA. Moze réwniez stuzyé
do odpowiedniego dobrania parametrow leczenia meto-
da statego dodatniego ciSnienia w drogach oddechowych
(CPAP, continuous positive airway pressure) oraz do kon-
troli po zastosowanym leczeniu.

Przenosne urzgdzenia (PM, HSAT), stuzagce do moni-
torowania od jednego do kilku parametréw, rowniez sie
stosuje w diagnostyce OSA. Urzadzenia te zasadniczo
réznig sie stopniem ztozonosci i liczby analizowanych
parametrow, ale ich wspolnymi cechami w poréwnaniu
z klasyczng PSG pozostajg nizsza cena, wieksza dostep-
noS¢ oraz wygoda pacjenta (brak koniecznosci nocowa-
nia w placéwce medycznej). Mogg byé alternatywa dla

badania PSG w diagnostyce pacjentow bez ciezkich powi-
kfan, z wywiadem i objawami Swiadczacymi o OSA. Diagno-
styke za pomocg HSAT proponuje sie rowniez pacjentom
wymagajgcym pilnego rozpoznania i rozpoczecia leczenia
przy braku dostepu do badania PSG. Wedtug wytycznych
AASM urzadzenia przeno$ne niewymagajgce nadzoru
personelu medycznego wystarczaja, by dokonaé rozpo-
znania u pacjentdw z wysokim prawdopodobienstwem
OSA umiarkowanego i ciezkiego stopnia juz przed bada-
niem. Nie zwalniajg one jednak z wszechstronnej oceny
snu przez lekarza specjaliste. Ponadto z diagnostyki me-
todami HSAT sa wykluczeni pacjenci z ciezkimi chorobami
wspotistniejgcymi [18].

Ze wzgledu na szerokie rozpowszechnienie OSA w po-
pulacji ogblnej oraz domniemane duze niedoszacowanie
problemu w 2020 roku szes¢ najwiekszych amerykan-
skich towarzystw zajmujgcych sie zaburzeniami oddycha-
nia w trakcie snu opracowato wspolny dokument, w ktérym
podjeto prébe ujednolicenia nomenklatury oraz zestawienia
urzadzen HSAT z klasycznag PSG oraz ich miejsca we wspot-
czesnej diagnostyce zaburzef oddychania w trakcie snu
i probach klinicznych [19]. Zdaniem ekspertdw urzadzenia
HSAT moga by¢ uzyteczne w diagnostyce OSA. W prébach
klinicznych stuzacych ocenie tego typu urzadzenia profil
badanych pacjentow powinien by¢ jak najbardziej zblizony
do profilu docelowej grupy chorych mogacych skorzystac
na takiej diagnostyce. Cztonkowie panelu ocenili rowniez,
jakie parametry powinny mierzy¢ urzadzenia HSAT. Sa to
niewatpliwie saturacja oraz dodatkowo przeptyw powietrza
przez nos lub ciSnienie w jamie nosowej, tetno oraz pomiar
wysitku oddechowego. Zauwazono jednak, ze doktadna licz-
ba i jakoS¢ kanatéw pomiaru powinna zaleze¢ od badanego
zagadnienia klinicznego. Kazda technologia badania, je-
§li zostanie odpowiednio zweryfikowana z badaniem PSG,
moze sie okazaé samodzielnie skuteczna w diagnostyce
okreslonych zaburzen oddychania w trakcie snu.

Obturacyjny bezdech podczas snu
a schorzenia kardiologiczne

Dane z duzych badar epidemiologicznych sugeruja, ze 0SA
stanowi samodzielnie istotny czynnik rozwoju i progres;ji
takich chordb uktadu sercowo-naczyniowego, jak nadcisnie-
nie tetnicze, niewydolno$¢ serca, choroba wiefcowa oraz
réznego rodzaju arytmie z migotaniem przedsionkéw na
czele. Szczegdlnie wsrdd mezczyzn OSA o ciezkim przebiegu
znacznie zwieksza ryzyko zaréwno Smiertelnych, jak i nie-
zakonczonych zgonem incydentdw sercowo-naczyniowych,
a leczenie metodg CPAP istotnie redukuje to ryzyko [20].
Obturacyjny bezdech podczas snu ma szkodliwy wptyw
na uktad krgzenia w kilku mechanizmach jednocze$nie —
mechanicznym, chemicznym, neurohumoralnym oraz w wy-
niku reakcji zapalnej. Bezposrednimi skutkami wzmozo-
nego napedu oddechowego przy zablokowanych drogach
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oddechowych sa spadek ciSnienia wewnatrz klatki pier-
siowej, niedotlenienie oraz wybudzenie ze snu. ,Ujemne”
ciSnienie dziatajgce wewnatrz klatki piersiowej powoduje
zwiekszenie obcigzenia nastepczego lewej komory serca,
rozcigganie Scian przedsionkéw oraz wzrost zapotrzebowa-
nia mieSnia sercowego na tlen, co moze uposledzac frakcje
wyrzutowg. Dziataniem na mechanoreceptory Scian przed-
sionkéw oraz rozciaganiem ich Scian ttumaczy sie czestsze
wystepowanie migotania przedsionkéw u chorych z OSA.
Odruchowe wzmozenie napiecia uktadu wspétczulnego
zwieksza zapotrzebowanie miesnia sercowego na tlen
w momencie upos$ledzonej wymiany gazowej i hipoksemii,
co moze wywotywac objawy niedokrwienia migsnia serco-
wego. Ponadto OSA jest kojarzony ze wzmozonym stresem
oksydacyjnym oraz inicjacja kaskady stanu zapalnego zwia-
zanej ze srodbtonkiem naczyniowym [21].

W badaniach obserwacyjnych z uzyciem zaréwno PSG,
jak i urzadzen przeno$nych stwierdzono wieksze rozpo-
wszechnienie OSA wsrod pacjentdéw z niewydolnoScig ser-
ca z upoSledzona frakcjg wyrzutowa niz w populacji ogdinej
(53% vs. 12%) [6]. Zaburzenia czynno$ci skurczowej serca
korelujg ze stopniem OSA i czeSciej wystepuja w postaciach
umiarkowanej i ciezkiej. Interesujgce jest spostrzezenie, ze
u pacjentéw z OSA i niewydolnoscig serca dzienne objawy
0SA sg mniej nasilone, a ESS jest w ich przypadku mato
praktyczna. Dane dotyczace pacjentow z niewydolnoScia
serca i zachowana frakcjg wyrzutowg sa mniej dostepne.
Natomiast w badaniach obserwacyjnych udowodniono, ze
terapia CPAP obniza aktywnoS¢ wspotczulng, ciSnienie tet-
nicze i punktacje w ESS oraz poprawia funkcje skurczowg
lewej komory, co moze posrednio zmniejszaé ryzyko po-
nownej hospitalizacji i zgonu [6].

Chorych z ciezkim OSA cechuje zwiekszone ryzyko noc-
nego niedokrwienia miesnia sercowego. Obecno$¢ zabu-
rzeh oddychania i znacznej desaturacji powoduje prawie
2-krotny wzrost ryzyka nagtej Smierci sercowej, niezalez-
nie od innych czynnikéw ryzyka. Pacjenci z OSA najczes$-
ciej umierajg z powodu nagtej Smierci sercowej miedzy
24:00 a 6:00 rano [21]. Dowody z badan epidemiologicz-
nych wskazuja, ze OSA — poza wptywem na czynniki ryzy-
ka choroby niedokrwiennej serca (nadciSnienie tetnicze,
rozwoj miazdzycy) — moze stanowi¢ niezalezny czynnik ry-
zyka choroby wieAcowej [22]. Doktadny mechanizm tego
zjawiska nie zostat jeszcze wyjasniony, ale najbardziej
prawdopodobna wydaje sie etiologia zapalna. Szacuje
sie, ze ryzyko tagodnego, umiarkowanego i ciezkiego OSA
wsrod pacjentdw z ostrym zespotem wieAcowym wynosi
odpowiedni 69%, 43% i 25% [23]. Zasadne wiec wyda-
je sie wdrozenie diagnostyki u pacjentow z tej grupy ze
wzgledu na gorsze rokowanie w przypadku braku leczenia
0SA [24]. W niedawnym badaniu przeprowadzonym w gru-
pie ponad tysigca pacjentéw z zaawansowana chorobg
wiencowg zakwalifikowanych do pomostowania aortalno-
-wiencowego (CABG, coronary artery bypass grafting) [25]

rowniez wykazano rozpowszechnienie umiarkowanej i ciez-
kiej postaci OSA siegajagce 50,9% w tej grupie chorych.
W badaniu dowiedziono réwniez, ze w grupie pacjentow
z choroba wiencowa OSA jest samodzielnym czynnikiem
ryzyka wystgpienia duzych incydentow sercowo-naczynio-
wych, w tym zgonu.

W 2018 roku opublikowano wyniki metaanalizy, w kté-
rej oceniano jako punkt koncowy gtéwne grozne powikta-
nia kardiologiczne (MACE, major adverse cardiac events),
w tym $mier¢ z przyczyn sercowo-naczyniowych, zawat
serca, udar mozgu, powtdrna potrzebe rewaskularyzacji
naczyh wiencowych oraz hospitalizacje z powodu niewy-
dolnosci serca [26]. Przeanalizowano dziewieé¢ badan,
w tym dwa badania z randomizacja. Leczenie CPAP wia-
zato sie ze znaczaco nizszym ryzykiem wystgpienia MACE
w badaniach obserwacyjnych, ale dane te nie potwierdzity
sie w badaniach randomizowanych. Leczenie pacjentow
z OSA i towarzyszacag choroba wiencowg ma potencjat
obnizania ryzyka ponownego incydentu sercowo-naczy-
niowego, ale rola CPAP w prewencji wtérnej zawatu ser-
ca jest obecnie tematem dyskusji ze wzgledu na brak
spodziewanych rezultatébw w badaniach z randomizacja
[27]. Opublikowane w 2016 roku wyniki badania SAVE
[28] wskazuja nawet, ze terapia CPAP redukuje nateze-
nie chrapania, senno$é w ciagu dnia i poprawia jako$é
zycia oraz nastrdj, ale nie ma wiekszego wptywu na ryzy-
ko incydentéw sercowo-naczyniowych niz standardowa
opieka medyczna. Watpliwosci te moga zostac rozwia-
zane dopiero po przeprowadzeniu szerokich badan epi-
demiologicznych pod kgtem wystepowania OSA w grupie
pacjentéw z choroba wieAcowa.

W licznych badaniach przeprowadzanych przez lata
w Europie, Stanach Zjednoczonych i Australii udowodnio-
no zwiazek OSA z rozwojem nadci$nienia tetniczego. Bez-
dech i hipoksja przez wspomniane powyzej mechanizmy
powodujg aktywacje uktadu wspétczulnego i skoki ciSnienia
tetniczego, ktére z czasem przybierajg forme przewlektego
nadcisnienia. W prospektywnym badaniu wsréd uczestni-
kéw Wisconsin Sleep Cohort Study wykazano po 4-letnim
okresie obserwacji, z uwzglednieniem wptywu wieku, ptci,
budowy ciata oraz stosowania uzywek, takich jak alkohol
i papierosy, ze pacjenci z OSA w stopniu umiarkowanym
i ciezkim byli obcigzeni odpowiednio 2- i 3-krotnie wyzszym
ryzykiem rozwoju nadcisnienia tetniczego niz osoby zdrowe
[7]. Obturacyjny bezdech podczas snu jest wiec niezalez-
nym czynnikiem rozwoju nadci$nienia tetniczego, a stopien
zaburzen oddychania koreluje z ryzykiem nadcisnienia.
Szczegblnie duze ryzyko OSA dotyczy pacjentdw z opornym
nadci$nieniem tetniczym, ktorzy stanowig nawet kilkana-
Scie procent pacjentéw z rozpoznanym nadciSnieniem.
Biorac pod uwage liczbe chorych na nadcisnienie tetnicze
w Polsce, chorzy na nadciSnienie oporne mogg stanowic
nawet milion 0s6b potencjalne wymagajacych diagnostyki
i leczenia OSA.
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Kolejna patologig zwigzang z OSA s arytmie. Na pod-
stawie badan z uzyciem PSG zauwazono, ze pacjenci z 0SA
czesciej niz chorzy bez tego schorzenia doswiadczajg noc-
nych arytmii. CzestoS¢ migotania przedsionkéw u oséb
z OSA szacuje sie na okoto 4,8% wyzsza niz w populacji
ogoblnej [8]. Diagnostyka zaburzen oddychania wydaje sie
wskazana réwniez w tej grupie pacjentow. Wedtug danych
z randomizowanych badan u pacjentéw leczonych CPAP
z powodu OSA Srednie wartoSci rytmu serca (HR, heart
rate) byly nizsze, a liczba przedwczesnych pobudzen ko-
morowych w trakcie snu — mniejsza. Stosowanie CPAP
wiaze sie rowniez ze znaczng redukcjg nawrotow migo-
tania przedsionkéw nawet po leczeniu ablacyjnym lub
kardiowersji elektrycznej [29]. W metaanalizie danych
z 2015 roku dowiedziono, ze leczenie CPAP u pacjentow
po wczesniejszej interwencji z powodu migotania przed-
sionkéw redukowato ryzyko nawrotu o 44% [30]. Obec-
nie OSA uznaje sie za czynnik ryzyka nawrotu migotania
przedsionkéw i wdrozenie diagnostyki OSA jest zalecane
w prewencji wtornej tej arytmii [31]. W ostatnich latach
spostrzezono réwniez, ze rozne choroby uktadu sercowo-
-naczyniowego prowadzace do koniecznosci implantacji
uktadu stymulujgcego serca wiazg sie ze wspotwystepo-
waniem niezdiagnozowanego OSA. W wieloosrodkowym
badaniu oceniano pacjentéw z wszczepionym uktadem
stymulujgcym serce z powodu kardiomiopatii, bloku przed-
sionkowo-komorowego lub choroby wezta zatokowego —
wyjsciowo wszyscy pacjenci byli nieSwiadomi swoich za-
burzen oddychania podczas snu. Na podstawie PSG ob-
turacyjny bezdech podczas snu stwierdzono tacznie az
u 59% badanych, z ktérych u ponad 21% AHI wynosit po-
nad 30 [32]. To pokazuje, jak powszechne sa zaburzenia
oddychania podczas snu wsrod pacjentow kardiologicz-
nych i jak czesto moga byé nierozpoznawane przez leka-
rzy prowadzacych leczenie.

Obecnie w Polsce wskazaniem do skierowania pacjenta
na badanie PSG sg objawy zaburzen oddychania podczas
snu oraz dane z wywiadu lekarskiego. Wykonanie bada-
nia zaleca sie rowniez w szczegblnych jednostkach cho-
robowych, na przyktad w opornym nadcisnieniu tetniczym
oraz w prewencji wtoérnej migotania przedsionkéw u pa-
cjentdéw obcigzonych czynnikami ryzyka. Wykluczenie OSA
u zawodowych kierowcow i oséb z objawami choroby lub
sugestywnym wywiadem ubiegajgcych sie o prawo jazdy
jest réwniez elementem procesu diagnostyczno-orzecz-
niczego dopuszczajacego do powyzszych czynnosci. Do
badania kwalifikuje lekarz zajmujagcy sie badaniem snu
— najczesciej jest to specjalista chordb ptuc. Badania
zaburzen oddychania podczas snu nie ujeto bezpoSred-
nio w wytycznych diagnostyki i leczenia opisanych wyzej
schorzen kardiologicznych, poza opornym nadcisnieniem
tetniczym i prewencja wtérna migotania przedsionkow.
Jednak, biorgc pod uwage tylko pacjentow chorujgcych

na to schorzenie (szacowane na 12-16% wszystkich cho-
rych z nadci$nieniem tetniczym), liczba potencjalnych pa-
cjentow mogacych odniesé korzyS¢ zdrowotng z badania
PSG przekracza milion. Pozostaja jeszcze chorzy z innymi
schorzeniami kardiologicznymi, pacjenci nieobcigzeni kar-
diologicznie oraz badania wykonywane w ramach kontroli
po leczeniu. Taka liczba PSG jest praktycznie niemozliwa
do przeprowadzenia w polskim systemie ochrony zdrowia
ze wzgleddw chociazby ekonomicznych. Z pomoca moga
jednak przyjs¢ urzadzenia przeno$ne oraz systemy HSAT.
Sa to rozwigzania tansze, tatwiej dostepne oraz wygodniej-
sze dla pacjenta. W badaniach klinicznych potwierdza sie
rowniez, ze przy nieznacznie mniejszej czutosci urzadzenia
HSAT sa duzo bardziej efektywne kosztowo [33] i mogg by¢
z powodzeniem uzywane do diagnostyki OSA. Przy braku
mozliwosSci szerokiego zlecania badania PSG urzadzenia
przeno$ne wydajg sie przysztosciag diagnostyki zaburzen
oddychania w trakcie snu.

Obturacyjny bezdech podczas snu jest zaréwno przy-
czyna, jak i wspdlnym mianownikiem wielu chorob kardio-
logicznych. Obecny stan wiedzy na temat tego schorzenia
wskazuje na niewystarczajgce rozpoznawanie go w prakty-
ce klinicznej oraz na stabg dostepnos¢ diagnostyki i spe-
cjalistycznego leczenia. W tym momencie wydaje sie, ze
gtéwna przyczyng powyzszych probleméw w polskim sy-
stemie ochrony zdrowia jest brak standaryzacji tatwo do-
stepnych i niedrogich urzadzen diagnostycznych, moga-
cych odciazy¢ opieke specjalistyczna. Na rynku dostepne
S3 juz urzadzenia wykorzystujace nowoczesne technologie
do wykrywania zaburzen oddychania podczas snu. Przy-
ktadem moze by¢ Clebre — bezprzewodowy czujnik aku-
styczny monitorujgcy zaburzenia oddychania podczas snu,
ktory na biezgco analizuje zapis zjawisk ostuchowych przy
uzyciu algorytméw sztucznej inteligencji [34]. Urzadzenie
nadaje sie do uzytku domowego, nie wymaga obecnosci
personelu medycznego do obstugi, a wynik badania moz-
na przestacé do lekarza bezposrednio po jego zakoiczeniu.
W celu poprawy rozpoznawalnosci OSA niezbedne sg jed-
nak dalsze badania populacyjne stuzgce ocenie skutecz-
nosci takich narzedzi, jak CLEBRE, w badaniach przesie-
wowych OSA w konkretnych subpopulacjach pacjentow
kardiologicznych i nie tylko.
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Role of loop diuretics in the treatment of acute heart failure
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Abstract

Loop diuretics are used as first-line medications in patients with heart failure as they result in symptomatic improvement
related to relieving organ congestion. The recommendations regarding the use of loop diuretics are mostly based on
expert opinion, without preference of specific drugs. Thus, the choice of optimal diuretic treatment strategy in acute
heart failure requires knowledge about differences in the characteristics of loop diuretics available in Poland, furose-
mide and torasemide. Non-renal pleiotropic effects of torasemide should be also borne in mind. Clinically significant
differences in the pharmacokinetics and biological effects of furosemide and torasemide have been reflected in multiple
research studies and meta-analyses published in the recent several years. These studies provided consistent evidence
for the good safety profile of torasemide, and its superior efficacy in regard to the improvement of exercise tolerance and
reduced readmissions due to heart failure compared to furosemide. The effect of torasemide on mortality reduction in
patients with heart failure, seen in some studies, requires further evaluation.
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Heart failure

Heart failure is a clinical syndrome related to impaired
pump function of the heart, resulting in an inadequate
blood flow in relation to the tissue demand [1]. In the
pathomechanism of decompensation in patients with
heart failure, the major role is played by activation of the
renin-angiotensin-aldosterone system, which initially
serves as an adaptive mechanism to preserve adequate
tissue perfusion and cardiac output. However, increased
sympathetic activation, vasoconstriction, and excessive
sodium and water retention ensue rapidly, which quickly
leads to a significant worsening of heart failure symptoms.
In the long-term, it leads to myocardial remodelling and
fibrosis, translating to further disease progression [2]. The
major factor leading to hospital presentation of patients
with heart failure is organ congestion, defined as symptoms
of extracellular fluid accumulation [3].
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Role of loop diuretics in the management
of heart failure

Diuretics are used as first-line medications in patients
with heart failure as they result in symptomatic impro-
vement related to relieving organ congestion [4]. The
European guidelines on the management of heart failure
recommend diuretics to reduce dyspnoea and improve
exercise tolerance in patients with symptoms of conge-
stion (class of recommendation |, level of evidence B). In
addition, diuretics should be considered to reduce the
risk of hospital admission due to heart failure in patients
with symptoms of congestion (class of recommendation
Ila, level of evidence B) [1]. Although loop diuretics are
first-line medications, the recommendations regarding
their use are mostly based on expert opinion, without
preference of specific drugs [5]. The choice of optimal
diuretic treatment strategy in acute heart failure requires
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knowledge about differences in the characteristics of loop
diuretics available in Poland.

Mechanism of action of loop diuretics

Loop diuretics available in Poland include furosemide and
torasemide. Other drugs from this class, such as azose-
mide and bumetanide, are not available in Poland. The
mechanism of action of loop diuretics involves inhibiting
ATP-dependent sodium-potassium-2 chloride cotransporter
(NKCC2) located on the luminal surface of the endothe-
lial cells within the thick part of the ascending arm of
the loop of Henle. Inhibition of this cotransporter blocks
reabsorption of up to 25% of sodium filtered into the
primary urine, and this effect is responsible for the most
of the natriuretic effect of loop diuretics [6]. In addition,
loop diuretics inhibit the same cotransporter at the apical
membrane of the macula densa, stimulating renin secretion
[7]and blocking the tubuloglomerular feedback [8] — these
effects may contribute to preservation of the glomerular
filtration rate [4]. Loop diuretics also inhibit the other
isoform of this transporter, sodium-potassium-1 chloride
cotransporter (NKCC1), which is expressed in the whole
body. This effect results in an increased prostaglandin
synthesis and venous smooth muscle relaxation, leading
to increased venous pooling [9]. The NKCC1 isoform is
also expressed in the hearing organ, and this local action
of diuretics within the ear likely explains their ototoxicity
[10]. Other adverse effects of diuretics include electrolyte
disturbances such as hypokalaemia, hypomagnesaemia,
hypocalcaemia, hyponatraemia, along with hyperuricaemia
and dysglycaemia [5, 11].

Comparison of pharmacokinetics
of torasemide and furosemide

Furosemide was introduced to hospital practice in 1966
and it remains the most commonly used loop diuretic. To-
rasemide was introduced in the United States in 1993 [12].

Following oral administration, furosemide is charac-
terized by limited and variable bioavailability, or the ratio
of the absorbed drug to the dose administered orally. The
average bioavailability of furosemide is 50% but it ranges
from 10% to 100% [13]. Food intake delays furosemide ab-
sorption, reducing its peak blood level [4]. As the drug half-
-life is shorter than its rate of gastrointestinal absorption, it
showed an absorption-limited pharmacokinetics [14] which
means that the actual half-life following oral administration
is longer than the half-life after intravenous administration.
In patients with preserved renal function, furosemide ad-
ministered intravenously is roughly twice more potent per
mg compared to oral administration. However, with severe
sodium retention in exacerbated chronic heart failure,
a higher peak drug level may be required and intravenous

administration may be more effective compared to the oral
dose [4]. Although intestinal mucosal oedema and slow
blood flow in the duodenum present in heart failure usu-
ally do not affect the bioavailability of orally administered
drugs, these factors do slow down their absorption, which
reduces the peak blood level of the drug and may contrib-
ute to resistance to diuretics [15].

In contrast to furosemide, torasemide is characterized
by higher and more stable bioavailability following oral ad-
ministration (> 90%), which is much dependent on con-
comitant food intake and pH of the gastric contents [16].
Torasemide does not show intestinal absorption-limited
pharmacokinetics, which is associated in higher equiva-
lence of oral and intravenous doses [15]. The drug is me-
tabolized in the liver to inactive metabolites, in contrast
to furosemide which is mostly excreted by the kidneys [4].
Torasemide has a longer half-life (3-4 h) than furosemide
(1.5-2 h). In heart failure, the half-life increases to 6 h for
torasemide and 2.7 h for furosemide [13].

Loop diuretics are organic anions circulating in the form
of complexes with plasma proteins (> 90%) which limits
their distribution volume [4].

Selected pharmacokinetic properties of furosemide and
torasemide are shown in Table 1 [16-18].

Comparison of pharmacodynamics
of torasemide and furosemide

The onset of action of furosemide and torasemide is within
10 minutes after intravenous administration. The initial
observed effect is venous vasodilation [9]. Clinically, it
reduces dyspnoea which is often the major complaint in
patients with exacerbation of chronic heart failure. Later,
these drugs induce diuresis secondary to NKCC2 inhibition
in the nephron as described above [13].

Torasemide and furosemide differ in their potency.
A double-blind randomized study published in 1986 which
compared the diuretic effect of these two drugs showed
a relative increase in urine volume by 68% with torase-
mide compared to furosemide. In addition, a reduction in
diuresis at 12 hours after furosemide administration was
observed, while this effect was not seen after administra-
tion of torasemide [17].

In contrast to furosemide, torasemide shows pleiotro-
pic effects in organs other that the kidneys [16]. Initially, is
was observed that torasemide results in lower urinary po-
tassium excretion, an effect similar to that of mineralocor-
toicoid receptor blockade [19]. Later, animal studies con-
firmed an anti-aldosterone effect of torasemide by block-
ing aldosterone binding to the mineralocortoicoid receptor
[20], inhibition of aldosterone secretion [21], and changes
in the expression of genes participating in the pathomech-
anism of myocardial fibrosis [22]. These effects were not
demonstrated for furosemide. The anti-aldosterone effect
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Table 1. Comparison of selected pharmacokinetic properties of furosemide and torasemide (based on [16-18])

Parameter

Bioavailability following oral administration [%]

Effect of food on complete absorption

Relative potency

Binding with plasma proteins [%]

Half-life in healthy individuals [h]

Half-life in chronic kidney disease [h]

Half-life in heart failure [h]

Duration of action after intravenous administration [h]
Onset of action after intravenous administration [min]
Peak level after oral administration [h]

Intravenous to oral dose equivalence ratio

Hepatic metabolism (%)

Renal excretion

Furosemide Torasemide
10-90 80-90
(interindividual variability)
Yes No
1x 2 x
95 99
15-2 3-4
2.8 4-5
2.7 6
6-8 6-16
10 8
1 1
2:1 11
No 80%

50% conjugates Mainly in the form

of inactive metabolites

Table 2. Comparison of selected pharmacodynamics properties of furosemide and torasemide (based on [16-18])

Parameter

Vasodilating effect preceding the diuretic effect
Reduction of kaliuresis

Activation of the renin-angiotensin-aldosterone system
Sympathetic activation

of torasemide in the comparative study with furosemide
[23], which may reduce myocardial fibrosis, also trans-
lated to a dose-dependent improvement of clinical heart
failure markers, such as natriuretic peptide levels and
echocardiographic parameters of left ventricular function.
The anti-aldosterone component of the torasemide action
may be associated with a reduced risk of hypokalaemia
and hypomagnesaemia during intensive combined diuret-
ic therapy [24]. Another advantage is absence of sympa-
thetic activation during torasemide treatment [25]. In ad-
dition, torasemide may show benefits in regard to the risk
of acute kidney injury. This property was shown in a meta-
analysis of randomized studies comparing torasemide to
other loop diuretics [26]. A protective effect on the kidney
function may be due to an increased secretion of vasodi-
lating prostacyclin, the effect that is more pronounced fol-
lowing torasemide administration compared to furosemide
[27]. In addition, furosemide, but not torasemide, stimu-
lates release of thromboxane, a physiological prostacyclin
antagonist, in both patients with congestive heart failure
and healthy controls [27]. Another possible benefit from
the use of torasemide may be a lower risk of ototoxicity.
In studies in cats, the dose resulting in a certain level of

Furosemide Torasemide
Yes Yes
No Yes
Yes No or minimal
Yes No

hearing impairment in 50% of animals was slightly higher
for torasemide compared to furosemide. Hearing impair-
ment tended to improve following the acute phase. In ad-
dition, the major metabolite of torasemide did not exert an
ototoxic effect even in large doses [28].

Selected pharmacodynamic properties of furosemide
and torasemide are shown in Table 2 [16-18].

Renal function and loop diuretics

The common effect of diuretics is a reduction of intravascu-
lar volume. A secondary effect is a return of extravascular
fluid to restore intravascular volume excreted with urine,
known as ‘refilling’ [18]. This effect allows gradual reduction
of organ congestion, or fluid accumulation in the extrava-
scular compartment — interstitial tissue and body cavities.
Use of high-dose diuretic therapy, resulting in a reduction
of intravascular volume, is associated with haemoconcen-
tration which has been identified as a factor leading to
transient renal function worsening [29]. The major cause
of this problem is likely a disproportion between the diu-
resis rate and the refilling rate [18], resulting in relative
hypovolemia and secondary neural activation accompanied
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Figure 1A, B. Comparison of practical aspects of loop diuretic use

by arterial constriction, leading to a risk of peripheral organ
ischaemia. One marker of relative hypovolemia and severe
neuroactivation in heart failure is urea retention [30]. To
counteract these processes, a concept has been advanced
that the goal of safe therapy of congestion in heart failure
should be to keep the diuresis rate during diuretic drug
therapy at the level not exceeding the refilling rate [1, 31].
By extrapolating the experience from renal replacement
therapy to diuretic treatment, it may be supposed that ex-
ceeding the refilling rate is more likely when ultrafiltration
is too large over a short time, while the effectiveness of
refilling should improve when ultrafiltration is extended
over time [32]. Hence, prolonging the duration of a diuretic
effect by the use of a long-acting diuretic, torasemide, ad-
ministered in dosing intervals consistent with its duration
of action, should be more effective in this regard [18].
Figure 1 shows practical aspects of furosemide and tora-
semide use, including episodic occurrence of the effects
of profound diuresis following furosemide administration,
which may contribute to symptomatic hypotension in the
treated patients, and possible reduction in the urine output
following cessation of the diuretic action, which may lead
to clinically observed recurrent symptoms of congestion,
for example in the pulmonary circulation.

When planning the management in a patient with heart
failure, due attention should be paid to the phenomenon of
diuretic resistance, which may occur in as many as 25-30%
of patients with this clinical syndrome. The occurrence of
the diuretic resistance phenomenon may be expected in
patients with hypotension, chronic kidney disease, and
atherosclerosis. The multiple underlying factors include
changes in drug pharmacokinetics, hormonal dysregula-
tion, and the cardiorenal syndrome. The management of
patients with diuretic resistance includes sequential neph-
ron blockade using diuretics from two different classes,

renal replacement therapy by ultrafiltration or peritoneal
dialysis, and aspiration of peritoneal fluid in patients with
increased intraabdominal pressure [33]. However, the
most commonly used approach is to increase the doses
of diuretics drugs to promote a negative fluid and sodium
balance. Torasemide, which is characterized by a nearly
unchanged half-life in the settings of impaired renal func-
tion [16], provides an effective dose-dependent increase in
diuresis and natriuresis when used in high doses, even in
patients with advanced chronic kidney disease. Two multi-
centre clinical trials which compared high furosemide and
torasemide doses in patients with end-stage renal disease
undergoing haemodialysis showed a large increase in urine
output and ion excretion in patients treated with 100 mg
or 200 mg torasemide once daily orally. The oral daily to-
rasemide dose of 200 mg resulted in a similar natriuretic
effect compared to the oral furosemide dose of 500 mg,
with more potent blood pressure-lowering effect of torase-
mide. Both torasemide and furosemide in these doses had
no negative effect on the neurological status of patients
treated with haemodialysis [34].

Torasemide 200 mg preparation is available in Poland
for the treatment of patients with severe chronic kidney
disease (creatinine clearance < 20 mL/min and/or serum
creatinine level > 6 mg/dL). The indication for its use is
the intent to preserve diuresis, and the presence of oede-
ma, transudate, and high blood pressure in patients with
severe renal failure, including dialyzed patients, if the re-
sidual diuresis exceeds 200 mL/day.

Clinical studies comparing torasemide
and furosemide

The extremely clinically important differences in the phar-
macokinetic properties and biological effects of furosemide
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and torasemide have been reflected in many research
studies published in the last several years that evaluated
the efficacy and safety of torasemide. The comparator is
most of these studies was furosemide, a diuretic commonly
used for many years.

In an open German study [35] in 1650 patients to
compare the clinical efficacy of torasemide and furosemi-
de, it was shown that torasemide resulted in the greatest
improvement in exercise tolerance in patients with initial-
ly severe symptoms and/or those diuretic-naive. Patients
previously treated with a diuretic benefited from a switch
to torasemide. No adverse effects on potassium, uric acid,
and glucose levels were observed in the torasemide group.
In that study, 95% of physicians and 93% of patients posi-
tively rated their experiences with torasemide treatment.

In a one-year open randomized study [36] in 234 pa-
tients that compared furosemide and torasemide, patients
treated with torasemide had a lower rate of readmissions
due to heart failure (17% vs. 32% in the furosemide group)
and cardiovascular hospitalizations (44% vs. 59% in the
furosemide group). In addition, patients treated with tora-
semide spent fewer days in hospital due to heart failure,
and reported better improvement in terms of dyspnoea and
fatigue. Reduction in hospitalization due to heart failure
observed during torasemide therapy translates to a lower
cost of treating patients with chronic heart failure despite
a higher cost of drug acquisition [37, 38].

Nine-month open randomized study [39] in 237 pa-
tients with decompensated heart failure evaluated the
quality of life of patients treated with torasemide or furo-
semide. Compared to furosemide, torasemide resulted in
a significant symptom improvement [by at least one New
York Heart Association (NYHA) class] and was associated
with better treatment tolerance, lower number of micturi-
tions at 3, 6, and 12 hours after dosing, and lower severity
of urgency. Despite a milder, and thus more comfortable
diuretic action profile, torasemide resulted in twice higher
reduction in body weight that served as a surrogate mea-
sure of fluid overload.

The purpose of open, nonrandomized TORIC study
[40] was to compare 1377 patients with NYHA class II-1lI
heart failure who received oral treatment with torasemide
10 mg/day, furosemide 40 mg/day or other diuretics orally
for 12 months in addition to standard heart failure therapy.
Treatment safety and tolerance, mortality, NYHA function-
al class, and blood potassium level were evaluated every
3 months. Overall mortality was 51.5% lower (p < 0.05), and
cardiovascular mortality 59.7% lower (p < 0.05) in the to-
rasemide group. In addition, clinical improvement was not-
ed more frequently in the torasemide group (p < 0.00017).
Treatment with torasemide was associated with less fre-
quent adverse effects — potassium level below 3.5 mmol/L
was noted in 12.9% of patients treated with torasemide,
compared to 17.9% of patients treated with furosemide

(p = 0.013). In addition, potassium supplementation was
required in only 3% of patients treated with torasemide,
compared to 30% of patients treated with furosemide.

In a multicentre double-blind randomized study [41],
6-week therapy with torasemide 10 mg/day, torasemide
20 mg/day and furosemide 40 mg/day was compared in
70 patients with chronic heart failure who were previously
treated with furosemide 40 mg/day for at least 2 weeks.
Asignificant reduction in body weight was noted in all three
groups but this effect was significantly greater in the to-
rasemide 20 mg group at 4 and 6 weeks compared to fu-
rosemide and in the torasemide 10 mg group at 4 weeks
compared to furosemide. At 6 weeks, the torasemide 20 mg
group also showed significantly less severe oedema com-
pared to furosemide (p = 0.001).

Initial results of the Polish multicentre randomized
TORNADO study were also reported [42]. This study was
conducted in 40 patients with NYHA functional class II-1V
previously treated with furosemide who were assigned to
the treatment with equipotent torasemide dose or con-
tinuation of furosemide at the same dose. During the fol-
low-up, 7 patients were hospitalized due to exacerbation
of heart failure, including 3 patients in the torasemide
group and 4 patients in the furosemide group. The com-
bined endpoint evaluated at 3 months of treatment was
defined as improved NYHA class, improvement by at least
50 m in the 6-minute walking test, and reduction of ob-
jectively evaluated congestion. This endpoint was reached
by 94% of patients in the torasemide group and 58% of
patients in the furosemide group (p = 0.03), indicating
an advantage of torasemide over furosemide in reducing
congestion and heart failure symptoms as early as after
3 months of therapy.

The ongoing multicentre randomized TRANSFORM-HF
study [43] should also be noted. This study will be con-
ducted in the so far largest group of 6,000 patients hospi-
talized due to heart failure who will be randomized to oral
furosemide or torasemide before the hospital discharge.

Meta-analyses and systematic reviews
comparing torasemide and furosemide

Meta-analyses of small randomized studies [44, 45] sho-
wed that compared to placebo, loop and thiazide diuretics
increase exercise tolerance, reduce hospitalizations due to
exacerbated heart failure, and even reduce the mortality
risk by more than 70%. Due to a small number of deaths
in the study groups, however, the results of these meta-
-analyses should be interpreted with caution.

A meta-analysis of randomized studies [46] compar-
ing the efficacy of torasemide and furosemide in 471 pa-
tients with systolic heart failure showed that torasemide
reduced hospitalizations due to heart failure and cardio-
vascular hospitalizations. In addition, a 14% reduction in

108 www.journals.viamedica.pl/folia_cardiologica



Oliwia Brycht, Jarostaw Drozdz, Role of loop diuretics in the treatment of acute heart failure

the total mortality in the torasemide group was noted but
this effect was statistically not significant.

In a later meta-analysis of randomized studies [26]
comparing the efficacy of torasemide with other loop diu-
retics in 2,647 patients, no differences in the overall and
cardiovascular mortality were noted but fewer hospitaliza-
tions occurred in the torasemide group.

However, a dose-dependent association between loop
diuretic use and the mortality risk was also noted in pa-
tients with advanced heart failure of ischaemic aetiol-
ogy [47]. In contrast to these results, it was showed that
a higher loop diuretic dose prescribed at discharge after
a hospitalization due to exacerbated chronic heart failure
with reduced ejection fraction reduced the risk of read-
mission within 30 days [48]. It is believed that the need to
use a higher loop diuretic dose indicates a higher severity
of heart failure but is not the cause for worse outcomes in
these patients [49].

In the meta-analysis [50] of 19 studies (9 random-
ized controlled and 10 observational) published in 1996-
-2019 which included 19,280 patients with heart failure
treated with torasemide and furosemide, with the mean fol-
low-up of 15 months, a lower risk of hospitalization due to
heart failure was shown in the torasemide group compared
to furosemide (10.6% torasemide, 18.4% furosemide; odds
ratio [OR] 0.72, 95% confidence interval [CI] 0.51-1.03,
p = 0.07). Torasemide use was associated with a signifi-
cantly higher chance of improvement from NYHA class IlI-1V
toclass |-11(72.5% torasemide, 58% furosemide; OR 2.32,
95% Cl: 1.32-4.1, p=0.004) and a lower risk of death due
to cardiovascular causes (1.5% torasemide, 4.4% furose-
mide; OR 0.37, 95% Cl: 0.20-0.66, p < 0.001) compared

Streszczenie

to furosemide. However, no reduction in the total mortality
or adverse effects was shown.

In another meta-analysis [51] of 54 randomized con-
trolled studies in 10,740 patients with heart failure, vari-
ous diuretic treatment was compared. This study showed
that compared to furosemide, torasemide treatment over
1.5-5.6 months of follow-up reduced oedema (relative risk
1.54,95% Cl: 1.01-2.35) and resulted in a greater reduc-
tion of blood natriuretic peptide levels. This study showed
no differences between various diuretics in the rates of ad-
verse effects involving various organs, and no differences
in readmissions and mortality.

Summary

Heart failure is a major challenge for modern cardiology,
and also an important problem for healthcare management
systems due to its large economic and social burden [52].
The most important limitation for widespread use of tora-
semide remains the lack of evidence from appropriately
large, prospective, randomized, placebo-controlled studies.
However, as performing such studies in patients with full-
-blown symptomatic acute exacerbated heart failure may
not be possible, the optimal drug therapy must be guided by
the available clinical study results and these suggest that in
patients with acute exacerbated heart failure, torasemide is
an appropriate alternative for commonly used furosemide.
A wider use of torasemide, which is characterized by better
pharmacological properties, a longer and more potent ef-
fect, and a documented reduction of the readmission rate,
seems more appropriate from the clinical and economic
perspective.

Leki moczopedne podaje sie w farmakoterapii pierwszego rzutu u pacjentéw z niewydolnoscia serca, poniewaz powodu-
ja poprawe objawowa w zakresie zastoju narzadowego. Podstawg zalecen dotyczacych stosowania diuretykéw petlowych
sg gtownie opinie ekspertow, bez wskazania konkretnego leku. Wybér optymalnej strategii leczenia moczopednego
w ostrej niewydolnosci serca wymaga zatem od zespotu lekarskiego wiedzy na temat roznic we wtasciwosciach i specy-
fice dziatania dostepnych na polskim rynku diuretykow petlowych — furosemidu i torasemidu. Nalezy rowniez pamietac
o plejotropowym dziataniu torasemidu wykraczajacym poza lokalizacje nerkowa. Istotne klinicznie roznice pod wzgledem
wiasciwosci farmakokinetycznych i efektow biologicznych furosemidu i torasemidu znalazty odzwierciedlenie w wielu
badaniach naukowych oraz metaanalizach opublikowanych w ostatnich kilkunastu latach. W badaniach tych konse-
kwentnie potwierdzano dobry profil bezpieczenstwa torasemidu, jak rowniez wykazano wieksza skutecznos¢ torasemidu
w zakresie poprawy wydolnosci fizycznej u pacjentéw oraz zmniejszenie czestosci ponownych hospitalizacji z powodu
niewydolnosci serca w poréwnaniu z furosemidem. Tematem dalszych dociekan pozostaje potwierdzony w niektorych
badaniach wptyw torasemidu na zmniejszenie Smiertelnosci u pacjentéw z niewydolnoscig serca.

Stowa kluczowe: niewydolnos¢ serca, diuretyki petlowe, torasemid, furosemid, przewlekta choroba nerek
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Abstract

The CHA,DS,-VASc scale is commonly used to assess the risk of thromboembolism in patients with atrial fibrillation (AF).
Oral anticoagulants are recommended for the prevention of stroke in patients with AF with a CHA,DS,-VASc score of > 2
for men and > 3 for women. There are known factors that have not been included in this scale, but they significantly
increase the risk of thromboembolism. Not all patients with AF who are at high risk of thromboembolism receive anti-
coagulation therapy. This is mainly due to the contraindications to the use of drugs from this group.

Key words: atrial fibrillation, oral anticoagulants, stroke

Introduction

Patients with atrial fibrillation (AF) are at significantly incre-
ased risk of thromboembolic complications. The presence
of AF increases the risk of stroke by 5 times, and every 5"
stroke can be attributed to this arrhythmia [1]. The risk of
complications can be significantly reduced by the use of
oral anticoagulants (OACs). Prophylaxis of thromboembolic
complications depends on the risk of thromboembolism as-
sessed using the CHA,DS,-VASc score. Oral anticoagulants
are recommended for the prevention of stroke in patients
with AF with a CHA,DS,-VASc score of 2 or more in men and
3 or more in women [2]. Prophylactic anticoagulation has
been shown to be associated with a 60-70% reduction in
the risk of thromboembolic complications and mortality [3].

Non-classical risk factors
for thromboembolic complications
in patients with AF

The guidelines of the European Society of Cardiology (ESC)
recommend the use of the CHA,DS,-VASc score (Table 1)

Folia Cardiologica 2021; 16, 2: 112-118

in the assessment of thromboembolic risk in patients with
AF [2]. In 2020, a different risk score for the assessment
of thromboembolic complications was also proposed — the
ABC scale, which includes: age, biomarkers and clinical
history [4]. The CHA,DS,-VASc and ABC scores have the
highest predictive value in predicting thromboembolic risk
in patients with AF. According to the 2020 ESC guidelines,
the CHA,D,-VASc score should be used to assess the risk
of thromboembolism and to qualify patients for anticoa-
gulation treatment.

However, there are other factors known that are not in-
cluded in the CHA,DS,-VASc score, but significantly increase
the risk of thromboembolism. These factors include, but
are not limited to, the type of AF, chronic kidney disease,
and cancer. Piccini et al. [5] proved that in patients with
non-valvular AF with a moderate to high risk of stroke, re-
nal dysfunction is a strong predictor of stroke and syste-
mic embolism, and concluded that the assessment of renal
function should be included in the stratification of stroke
risk in patients with AF. In the proposed R,CHADS, score,
2 points were added to the CHADS, score if the creatinine
clearance (CrCl) was below 60 mL/min. Decreased CrCl
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Table 1. Components of the CHA,DS,-VASc score (source [2])

Risk factors and definition Score
© Congestive HF, symptomatic HF, 1
moderate to severe LV dysfunction
or HCM
H Hypertension 1
A Age > 75 years 2
D Diabetes 1

Definition

Recent decompensated HF regardless of LVEF (HFrEF or HFpEF) or the presen-
ce (even asymptomatic) of moderate to severe LV systolic dysfunction in cardiac

imaging

Resting blood pressure > 140/90 mm Hg in > 2 measurements on different

occasions or antihypertensive treatment

2 points assigned for the age of > 75 years

Random venous blood glucose > 200 mg/dL (= 11.1 mmol/L) + symptoms

Two fasting blood glucose measurements > 126 mg/dL (> 7.0 mmol/L)

S Stroke/TIA/thromboembolism 2
Vascular disease 1

A Age of 65-74 years

Sc Sex category, female

Maximum score 9

OGTT > 200 mg/dL (> 11.12 mmol/L)
History of stroke, systemic embolism or TIA

Vascular disease defined as a history of myocardial infarction, atherosclerotic
peripheral artery disease, atherosclerotic plaque in the aorta

1 point assigned for the age of 65-74 tears

Increases the risk in the presence of > 1 other risk factor

HF — heart failure; LV — left ventricle; HCM — hypertrophic cardiomyopathy; LVEF — left ventricular ejection fraction; HFrEF — heart failure with reduced ejection fraction; HFpEF — heart failure with preserved

ejection fraction; OGTT — oral glucose tolerance test; TIA — transient ischemic attack

was a strong independent prognostic factor for stroke and
systemic embolism; and was only surpassed by a previo-
us stroke or transient ischemic attack. According to the
R,CHADS, score, the reclassification rate increased by
6.2% compared to CHA,DS,-VASc and by 8.2% compared
to CHADS.,. It can therefore be concluded that there is an
independent association between renal impairment and
an increased risk of stroke in patients with AF.

The relationship between the type of AF and stroke risk
remains controversial. The CODE-AF regjstry has shown that
paroxysmal AF may be associated with a lower incidence
of stroke compared with non-paroxysmal AF. This was pro-
bably due to the fact that patients with persistent and per-
manent AF were older, had more comorbidities, and were
prescribed anticoagulants much more often than patients
with paroxysmal AF [6].

Many clinical risk factors for stroke, such as obstructive
sleep apnea (0SA), are closely related to the components
of the CHA,DS,-VASc, but taking them into account does
not improve its predictive value. The relationship between
smoking or obesity and the risk of stroke in patients with AF
is still controversial [7]. Overweight and obesity have been
shown to be risk factors for ischemic stroke, thromboem-
bolism and death in patients with AF. Various biomarkers,
such as troponin, natriuretic peptides, and von Willebrand
coefficient, have shown predictive value in the assessment
of stroke risk in AF patients treated with OACs [8, 9]. The
level of the N-terminal pro-B-type natriuretic peptide (NT-
-proBNP) was significantly associated with the risk of throm-
boembolic events and cardiovascular mortality.

In addition, elevated levels of inflammatory markers
such as interleukin 6 (IL-6) and C-reactive protein (CRP)
are reported to be associated with greater difficulty in ma-
intaining sinus rhythm and with increased risk of cardio-
vascular events and AF mortality. It has also been shown
that the concentration of D-dimer may be associated with
the risk of stroke in AF. Anticoagulation treatment reduces
the concentration of this biomarker in the majority of tre-
ated patients [8].

Echocardiographic parameters are also among the risk
factors for thromboembolism in patients with AF. It has
been reported that left ventricular systolic dysfunction as-
sessed by transthoracic echocardiography may be a strong
and independent prognostic factor for stroke in patients
with AF. In contrast, left atrial diameter and mitral regur-
gitation are not associated with a higher risk of thrombo-
embolic events in patients with AF [10]. Table 2 lists risk
factors that are significant in the stratification of the risk
of stroke and other thromboembolic complications, but are
not included in the CHA,DS,-VASc score.

Recommendations for thromboembolism
prophylaxis in patients with AF at high risk
of thromboembolic complications

Anticoagulation therapy is recommended in all patients
with AF. Due to the fact that OACs significantly reduce the
risk of stroke and mortality, the 2020 guidelines recom-
mend considering the inclusion of OAC also in patients with
CHA,DS,-VASc score of 1 point (non-gender related), i.e. in
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Table 2. Stroke risk factors not included in the CHA,DS,-VASc score in patients with atrial fibrillation (AF) (based on [10-13])

Echocardiographic parameters Coagulation marker

LAV, LAVI D-dimers

LVEF Fibrinogen
Atherosclerotic plaque in the aorta PAI-1

LAA dysfunction TAT

LAA shape (TOE, CT, MRI) von Willebrand factor
LAA count Cystatin C
(TOE, TAT, MRI)

Biomarkers Others
BNP CKD
CRP Neoplastic disease
IL-6 LAA fibrosis (MRI)
Cardiac troponins T and | AF type
Smoking

Hyperlipidemia
Amyloidosis

Metabolic syndrome

LAV — left atrium volume; LAVI — left atrium volume index; LVEF — left ventricular ejection fraction; LAA — left atrial appendage; TOE — transechophageal echocardiography; CT — computed tomography;
MRI — magnetic resonance imaging; TAT — thrombin-antithrombin IIl complex; PAI-1 — plasminogen activator inhibitor 1; BNP — B-type natriuretic peptide; CRP — C-reactive protein; IL-6 — interleukin 6;

CKD — chronic kidney disease

patients with an intermediate risk of thromboembolism [2].
High-risk patients with AF absolutely require OAC therapy.
They are in a group particularly at risk of thromboembolic
complications. It should also be mentioned that antiplatelet
drugs cannot be used in the prophylaxis of thromboembolic
complications in patients with AF [2].

In line with guidelines that have changed in recent ye-
ars, patients at high risk of stroke have always required
anticoagulation therapy. The 2010 guidelines recommen-
ded that obtaining at least 2 points in the CHADS, scale
was an indication for the use of a vitamin K antagonist
(VKA, vitamin K antagonist), 1 point allowed the choice be-
tween VKA and acetylsalicylic acid (ASA), while obtaining
0 points meant that there are no indications for anticoa-
gulant treatment [14]. Guidelines, which have changed in
recent years, have always indicated that patients at high
risk of stroke required anticoagulation therapy. The guide-
lines from 2010 recommended that the CHADS, score of
at least 2 was an indication for the use of a vitamin K an-
tagonist (VKA), 1 point allowed the choice between VKA
and acetylsalicylic acid (ASA), while obtaining O points in-
dicated that there were no indications for anticoagulant
treatment [14]. For the first time, attention was drawn to
the possibility of using two groups of novel OACs (NOACs) —
direct thrombin inhibitors (e.g. dabigatran) and oral factor
Xa inhibitors (e.g. rivaroxaban) — as part of antithrombotic
prevention in patients with AF. In 2012, the update of the
2010 guidelines was released; further evidence has emer-
ged in favor of the new OACs [15]. It has been proven that
ASA in the prevention of stroke may be harmful and there is
no evidence confirming its effectiveness in the prevention
of thromboembolic complications in patients with AF [16].
In the following years, studies were conducted that asses-
sed OAC in patients with AF. They included mainly people
at high risk of stroke [17, 18]. Men with a CHA,DS,-VASc
score of at least 2 points and women with a score of 3 have
been shown to benefit from OAC. Vitamin K antagonists and
NOACs have been found to be effective in the prevention

of stroke in patients with AF and to be safe for use [19].
The 2020 ESC Guidelines [2] once again provide strong
evidence for the efficacy and safety of NOACs, the role of
which has been significantly strengthened. Due to their ef-
fectiveness, safety profile and convenience of use, they are
the drugs of first choice among OACs in the prevention of
stroke in patients with AF, which is confirmed by large re-
gisters from recent years [20].

Prophylaxis of thromboembolic
complications in large registries

With new guidelines and research in AF, the approach
to using oral anticoagulants has evolved. It is absolutely
indicated in patients at high risk of thromboembolism. It
should be noted that the use of OACs in daily practice has
increased in recent years. According to the data from the
registry of Ding et al. [21], in 2001-2004, OACs were used
in only 23% of patients with a CHA,DS,-VAS score of at least
2 points while in 2012-2016 these drugs were used in as
much as 84.3% of such patients in the study performed
by Cools et al. [22], which is similar to the data from the
EORP-AF [23] and PREFER in AF [24] registers. The results
presented by Cowan et al. [25] and Holt et al. [26] are si-
milar and concern a specific time periods, i.e. 2009-2012
and 2007-2010, respectively, in which the use of OAC
was 55% and 53%. The GLORIA-AF Il registry [27] shows
a significant use of OACs in high-risk patients (83.2%),
which contrasts with the results of phase | trial, in which
ASA was most frequently prescribed. In the GARFIELD-AF
and ORBIT-AF Il registries, the use of OACs was 69% and
87%, respectively, in patients with a CHA,DS,-VASc score of
at least 2 points, but with significant geographical hetero-
geneity [ranges of 31-93% (GARFIELD-AF) and 66-100%
(ORBIT-AF 11)] In patients with newly diagnosed AF, the use
of non-vitamin K antagonist oral anticoagulants increased
over time to 43% in 2016 for GARFIELD-AF and 71% for
ORBIT-AF II, while antiplatelet monotherapy decreased from
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Table 3. The use of oral anticoagulants (OACs) in patients with atrial fibrillation (AF) at high risk of stroke in clinical trials (based on [20-32])

Study/author When the study was conducted (years) Proportion of patients treated with OA (%)
ORBIT AF 11 [20] 2011-2014 87
ATRIUM, Meinertz et al. [28] 2009 87
PREFER IN AF [24] 2012-2013 85.6
GARFIELD-AF/Cools et al. [22] 2012-2016 84.3
GLORIA AF Il/Huisman et al. [27] 2011-2014 83.2
Chae et al. [29] 2006-2008 82
Krittayaphong et al. [30] 2014-2017 81.6
EORP-AF [23] 2013-2016 About 80
GARFIELD AF/Dalgaard et al. [31] 2010-2016 73.1
Raji et al. [32] 2007 67.8
Cowan et al. [25] 2009-2012 55
Holt et al. [26] 2007-2010 53
Ding et al. [21] 2001-2004 23

36% to 17% (GARFIELD-AF) and from 18% to 8% (ORBIT-
-AF | and Il) [20]. Table 3 [20-32] presents the results
of anticoagulation in the prevention of thromboembolic
complications in patients with AF and high risk of stroke
in individual registries.

Limitations of anticoagulation in patients
at high risk of thromboembolism

Restrictions on the use of OACs in patients at high risk
of thromboembolism mainly concern contraindications
to the use of drugs from this group. It is estimated that
they occur in approximately 13% of patients. However, the
ORBIT-AF study [33] found that they are often subjective
and many patients who reported them received OACs,
suggesting that the perceived benefit outweighed the
potential risk of their use. In the study by Steinberg et al.
[34] out of 26,684 patients with AF not treated with OAC,
8,283 (31%) had contraindications related to a high risk
of bleeding, mainly abnormal blood counts — thrombocy-
topenia, anemia, hemoglobinopathies, neoplasms of the
hematopoietic system and the lymphatic system (75%) or
a history of gastrointestinal bleeding (40%). Contraindica-
tions to OAC therapy related to a high risk of bleeding are
more common in elderly patients with AF. In the study by
Polo Garcia et al. [35], approximately 20% of patients with
non-valvular AF did not receive anticoagulation. The main
reasons were: refusal to monitor coagulation parameters
by the patient (37.3%), high risk of bleeding (31.1%), uncon-
trolled hypertension (27.9%), and frequent falls (27.6%). In
a study by Redfors et al. [36], out of 1,300,643 patients,
43,248 (3.3%) had contraindications to anticoagulant
therapy and had not received OAC for the last 12 months
or died in hospital.

The few absolute contraindications for taking OAC inclu-
de active major bleeding (where its source must be iden-
tified and treated), comorbidities (e.g. severe thrombocy-
topenia < 50 platelets/L, severe anemia under diagnosis,
etc.) or recent high-risk bleeding, such as intracerebral
hemorrhage (ICH). In such cases, non-pharmacological op-
tions may be considered [2]. The limitations mainly apply to
older people (over 90 years of age), patients with demen-
tia, after a hemorrhagic stroke or bleeding, with extreme
kidney and liver failure, and patients with cancer.

Regarding renal failure, none of the randomized trials
of OAC use included patients with end-stage renal disease.
Hemodialysis (HD) patients with AF have additional risk
factors for stroke due to vascular disease, age, diabetes,
and HD treatment. They are also at increased risk of serio-
us bleeding from uremic platelet dysfunction. Anticoagu-
lation treatment increases the risk of bleeding in patients
with end-stage renal disease and HD-treated patients up to
10 times compared to warfarin-treated patients with nor-
mal renal parameters [37]. Arnson et al. [38] conducted an
analysis assessing the safety of OAC use in patients with
chronic kidney disease (CKD). The patients enrolled in the
study were older and had more comorbidities. The group
with the lowest rates of OAC treatment (27.6%) were pa-
tients with stages 4-5 of chronic renal failure (CRF). The
use of OAC was associated with a reduced risk of stroke and
ICH, regardless of the stage of CRF, and a reduced risk of
death in patients with CRF in stages 1-3. The risk-benefit
ratio of OAC in advanced CKD is a subject of ongoing de-
bate and clinical consideration.

Patients with hepatic impairment may have a higher
risk of bleeding with VKAs, while NOACs are associated
with a lower risk of bleeding complications. In patients
with a known cause of bleeding, preventive measures
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should be taken and OAC therapy initiated as soon as po-
ssible, focusing on the greatest safety profile of the drug.
Advanced liver disease increases the risk of bleeding
and affects drug metabolism. Patients with active liver
disease and AF are often excluded from clinical trials
with OACs. This group of patients, especially those with
abnormal blood clotting parameters, may be at greater
risk of bleeding events. Kuo et al. [39] found, however,
that in patients with cirrhosis, the benefit of reducing the
risk of ischemic stroke with NOAC may outweigh the risk
of bleeding, compared to the lack of treatment, which su-
pports the use of these drugs.

Patients with cancer and AF are a special group in
which anticoagulant therapy is used with caution. Recent
analyzes [40, 41] clearly show that NOACs are safe and
that compared to VKAs, they have fewer thromboembo-
lic and bleeding complications. Vitamin K antagonists
have a number of disadvantages that may particularly
interfere with the therapy and treatment of neoplastic
diseases. These include interactions with chemothera-
py or other medications, food intolerance, and the need
to stop treatment because of invasive procedures. Im-
portantly, the risk of bleeding may be increased when
using full doses of NOAC in patients with gastrointesti-
nal neoplasms; therefore, special care should be taken
in these patients [42].

Summary

Thromboembolism prophylaxis in patients with AF at high
risk of thromboembolism is an important element of their
management. Over the years, the profile of the patient de-
scribed as “high-risk patient” has changed. Patients with
high CHA,DS,-VASc scores always required anticoagulation
treatment. It should be stated that risk factors, including
comorbidities, can evolve and therefore the patient sho-
uld be assessed by a physician depending on the specific
clinical situation. Nevertheless, NOACs are the safest (and
at the same time available) drugs in reducing the risk of
thromboembolic complications. These drugs should be
first considered when implementing anticoagulant therapy.
There are some limitations, such as severe renal failure,
liver failure or active cancer, but the latest research shows
safety in this respect as well.
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Streszczenie

Powszechnie stosowang skala w ocenie ryzyka zakrzepowo-zatorowego u pacjentéw z migotaniem przedsionkéw jest
skala CHA,DS,-VASc. Doustne leki przeciwkrzepliwe zaleca sie w zapobieganiu udarom moézgu u chorych z AF z wyni-
kiem 2 lub wiecej punktow w skali CHA,DS,-VASc u mezczyzn oraz 3 lub wiecej punktow u kobiet. Znane sa czynniki,
ktorych w niej nie uwzgledniono, a znaczaco zwiekszaja ryzyko zakrzepowo-zatorowe. Nie wszyscy chorzy z migotaniem
przedsionkow z grupy wysokiego ryzyka zakrzepowo-zatorowego sg leczeni przeciwkrzepliwie. Wynika to przede wszyst-

kim z przeciwwskazan do stosowania lekow z tej grupy.

Stowa kluczowe: migotanie przedsionkow, doustne leki przeciwzakrzepowe, udar mozgu

Wstep

Pacjenci z migotaniem przedsionkow (AF, atrial fibrillation)
naleza do grupy chorych o istotnie zwiekszonym ryzyku
powiktan zakrzepowo-zatorowych. ObecnoS¢ AF 5-krotnie
zwieksza ryzyko udaru mézgu, a co 5. udar mozna przypisac
tej arytmii [1]. Ryzyko powiktafh mozna istotnie ograniczyc,
stosujgc doustne leki przeciwzakrzepowe (OAC, oral antico-
agulants). Profilaktyka powiktan zakrzepowo-zatorowych za-
lezy od ryzyka zakrzepowo-zatorowego ocenianego w skali
CHA,DS,-VASc. Doustne leki przeciwzakrzepowe zaleca sie
w zapobieganiu udarom mozgu u chorych z AF z wynikiem
2 lub wiecej punktow w skali CHA,DS,-VASc u mezczyzn
oraz 3 lub wiecej punktow u kobiet [2]. Wykazano, ze
profilaktyka przeciwkrzepliwa wiaze sie z 60-70-procento-
wym obnizeniem ryzyka powiktah zakrzepowo-zatorowych
i Smiertelnosci [3].

Folia Cardiologica 2021; 16, 2: 119-125

Czynniki ryzyka powiktan
zakrzepowo-zatorowych u chorych
z AF inne niz klasyczne

W wytycznych Europejskiego Towarzystwa Kardiologicz-
nego (ESC, European Society of Cardiology) zaleca sie
stosowanie skali CHA,DS,-VASc (tab. 1) w ocenie ryzyka
zakrzepowo-zatorowego u pacjentéw z AF [2]. W 2020 roku
zaproponowano tez inng skale oceny powiktan zakrze-
powo-zatorowych — skale ABC, w ktorej sktad wchodza:
wiek, biomarkery, a takze wywiad kliniczny [4]. Skale
CHA,DS,-VASc oraz ABC maja najwyzszg wartos¢ predyk-
cyjng w przewidywaniu ryzyka zakrzepowo-zatorowego
u pacjentow z AF. Zgodnie z obowigzujacymi wytycznymi
ESC z 2020 roku skala CHA,D,VASc stuzy do oceny ryzyka
zakrzepowo-zatorowego oraz kwalifikacji chorych do lecze-
nia przeciwkrzepliwego.
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Tabela 1. Sktadowe skali CHA,DS,-VASC (zr6dto [2])

Czynniki ryzyka i definicja Punkty
C Zastoinowa niewydolnoS¢ serca, 1
kliniczna HF, umiarkowana lub
ciezka dysfunkcja LV lub HCM
H NadciSnienie tetnicze 1
Wiek > 75 lat 2
Cukrzyca 1
S Przebyty udar mézgu/TIA/incy- 2
dent zakrzepowo-zatorowy
v Choroba naczyniowa 1
A Wiek 65-74 lat 1
Sc Pte¢ zenska 1
Maksymalna punktacja 9

Definicja
Niedawna zdekompensowana HF niezaleznie od LVEF (HFrEF lub HFpEF) lub

obecnosé (nawet bezobjawowa) umiarkowanego do ciezkiego uposledzenia
skurczowego LV w obrazowaniu serca

Cisnienie tetnicze w spoczynku > 140/90 mm Hg w > 2 pomiarach wykona-
nych przy réznych okazjach lub stosowane leczenie hipotensyjne

2 pkt. za wiek > 75 lat
Glikemia przygodna we krwi zylnej + objawy > 200 mg/dI (> 11,12 mmol/1)
Dwukrotny pomiar glikemii na czczo > 126 mg/dl (= 7,0 mmol/1)
OGTT =200 mg/dl (= 11,2 mmol/I)
Przebyty udar, zatorowos¢ uktadowa lub TIA w wywiadzie

Choroba naczyniowa definiowana jako przebyty zawat serca, miazdzycowa
choroba tetnic obwodowych, blaszka miazdzycowa w aorcie

1 pkt przyznawany za wiek 65-74 lat
Zwieksza ryzyko w przypadku obecnosci > 1 innego czynnika ryzyka

HF (heart failure) — niewydolnoS¢ serca; LV (left ventricle) — lewa komora; HCM (hypertrophic cardiomyopathy) — kardiomiopatia prze-
rostowa; LVEF (left ventricular ejection fraction) — frakcja wyrzutowa lewej komory; HFrEF (heart failure with reduced ejection fraction)

— niewydolno$é serca z obnizona frakcja wyrzutowa; HFpEF (heart failure with preserved ejection fraction) — niewydolno$¢ serca z zacho-
wana frakcja wyrzutowa; OGTT (oral glucose tolerance test) — doustny test obcigzenia glukoza; TIA (transient ischemic attack) — przemija-

jacy napad niedokrwienny

Znane sg jednak inne czynniki, ktére nie sg w nigj
uwzglednione, a istotnie zwiekszaja ryzyko zakrzepowo-
-zatorowe. Nalezg do nich miedzy innymi postac AF, prze-
wlekta choroba nerek oraz choroba nowotworowa. Piccini
i wsp. [5] udowodnili, ze u chorych z niezastawkowym AF
obcigzonych umiarkowanym do wysokiego ryzykiem uda-
ru zaburzenia czynnosci nerek sa silnym predyktorem
udaru i zatorowoSci obwodowej oraz wysuneli wnioski,
ze w stratyfikacji ryzyka udaru u pacjentéw z AF powinno
sie uwzglednia¢ ocene funkcji nerek. W zaproponowanej
skali R,CHADS, do skali CHADS, dodawano 2 punkty, je-
§li klirens kreatyniny (CrCl, creatinine clearence) wynosit
ponizej 60 ml/min. Zmniejszony CrCl byt silnym, niezalez-
nym czynnikiem prognostycznym udaru i zatorowo$ci ob-
wodowej, ustepujgc jedynie wezesniejszemu udarowi lub
przemijajgcemu napadowi niedokrwiennemu. Wedtug skali
R,CHADS, wskaznik ponownej klasyfikacji wzrést o 6,2%
w poréwnaniu z CHA,DS,-VASc i 0 8,2% w pordwnaniu
z CHADS,. Mozna wiec stwierdzié, ze istnieje niezalezny
zwigzek miedzy zaburzeniami czynnosci nerek a zwigkszo-
nym ryzykiem udaru moézgu u pacjentow z AF.

Zwigzek miedzy typem AF a ryzykiem udaru pozosta-
je kontrowersyjny. W rejestrze CODE-AF dowiedziono, ze
napadowe AF moze sie wigza¢ z mniejszg czestoscig wy-
stepowania udaru niz u pacjentdéw z nienapadowym AF.

Prawdopodobnie byto to spowodowane tym, ze chorzy
z przetrwatym oraz utrwalonym AF byli starsi, wystepowa-
to u nich wiecej choréb wspotistniejgcych, a takze prze-
pisywano im OAC znacznie czesciej niz chorym z napado-
wym AF [6].

Wiele klinicznych czynnikow ryzyka udaru, na przyktad
obturacyjny bezdech senny (OSA, obstructive sleep apnea)
jest Scisle zwigzane ze sktadowymi skali CHA,DS,-VASc,
ale ich uwzglednienie nie poprawia wartoSci predykcyjnej
tej skali. Nadal sporna jest zaleznoS¢ palenia tytoniu oraz
otytosci z ryzykiem udaru moézgu u chorych z AF [7]. Udo-
wodniono, ze nadwaga i otytoS¢ sg czynnikami ryzyka wy-
stgpienia udaru niedokrwiennego, choroby zakrzepowo-za-
torowej oraz zgonu u pacjentéw z AF. R6zne biomarkery, na
przyktad troponina, peptydy natriuretyczne, wspétczynnik
von Willebranda, wykazaty wartoS¢ predykcyjng w ocenie
ryzyka udaru wéréd pacjentéw z AF leczonych za pomoca
OAC [8, 9]. Stezenie N-koncowego fragmentu propeptydu
natriuretycznego typu B (NT-proBNP, N-terminal pro-B-type
natriuretic peptide) wigzato sie istotnie z ryzykiem zdarzen
zakrzepowo-zatorowych i SmiertelnoScia z przyczyn serco-
wo-naczyniowych.

Ponadto podaje sie, ze stezenia markeréw stanu zapal-
nego, takich jak interleukina 6 (IL-6, interleukin 6) i biatko
C-reaktywne (CRP, C-reactive protein) sg zwigzane z wiekszg
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Tabela 2. Czynniki ryzyka udaru mézgu nieuwzglednione w skali CHA,DS,-VASc u chorych z migotaniem przedsionkow (AF, atrial fibrilla-

tion) (na podstawie [10-13])

Parametry echokardiograficzne =~ Markery uktadu krzepniecia

LAV, LAVI D-dimery
LVEF Fibrynogen
Blaszka miazdzycowa w aorcie PAI-1
Dysfunkcja LAA TAT

Ksztatt LAA (TOE, CT, MRI)
Liczba LAA (TOE, TAT, MRI)

Czynnik von Willebranda

Cystatyna C

Biomarkery Inne
BNP CKD
CRP Choroba nowotworowa
IL-6 Zwtbknienia LAA (MRI)

Troponiny sercowe Tii | Postaé AF

Palenie tytoniu

Hiperlipidemia
Amyloidoza

Zespot metaboliczny

LAV (left atrium volume) — objeto$¢ lewego przedsionka; LAVI (left atrium volume index) — wskaznik objetosci lewego przedsionka;

LVEF (left ventricular ejection fraction) — frakcja wyrzutowa lewej komory; LAA (left atrial appendage) — uszko lewego przedsionka;

TOE (transechophageal echocardiography) — echokardiografia przezprzetykowa; CT (computed tomography) — tomografia komputerowa;
MRI (magnetic resonance imaging) — rezonans magnetyczny; TAT (thrombin-antithrombin Il complex) — kompleks trombina-antytrombi-
na lll; PAI-1 (plasminogen activator inhibitor 1) — inhibitor aktywatora plazminogenu 1; BNP (B-type natriuretic peptide) — peptyd natriure-
tyczny typu B; CRP (C-reactive protein) — biatko C-reaktywne; IL-6 (interleukin 6) — interleukina 6; CKD (chronic kidney disease) — przewle-

kta choroba nerek

trudnoscig utrzymania rytmu zatokowego, a takze ze zwiek-
szonym ryzykiem zdarzer sercowo-naczyniowych oraz
SmiertelnoSci z powodu AF. Wykazano takze, ze stezenie
D-dimeru moze sie wiazac z ryzykiem udaru w AF. Stezenie
tego biomarkera zmniejsza doustne leczenie przeciwzakrze-
powe u wiekszosci leczonych pacjentow [8].

Sposréd czynnikow ryzyka zakrzepowo-zatorowego
u pacjentow z AF mozna wyréznic tez parametry echokar-
diograficzne. Podaje sie, ze dysfunkcja skurczowa lewej ko-
mory oceniona za pomocg echokardiografii przezklatkowej
moze by€ silnym i niezaleznym czynnikiem prognostycznym
udaru mézgu u chorych z AF. W przeciwiefstwie do tego,
Srednica lewego przedsionka oraz niedomykalno$¢é mitralna
nie sg powigzane z wiekszym ryzykiem zdarzen zakrzepo-
wo-zatorowych u pacjentow z AF [10]. W tabeli 2 przedsta-
wiono czynniki ryzyka, ktore majg istotne znaczenie w stra-
tyfikacji ryzyka udaru i innych powiktan zakrzepowo-zato-
rowych, ale nie ujeto ich w skali CHA,DS,-VASc.

Zalecenia dotyczace profilaktyki
zakrzepowo-zatorowej u chorych z AF
Z grupy wysokiego ryzyka

powiktan zakrzepowo-zatorowych

Leczenie przeciwzakrzepowe jest zalecane u wszystkich
pacjentow z AF. Ze wzgledu na to, ze OAC znaczgco obni-
zaja ryzyko udaru mézgu oraz Smiertelnosci, w wytycznych
z 2020 roku zaleca sie takze rozwazenie wigczenia OAC,
gdy pacjent otrzymuje 1 punkt w skali CHA,DS,-VASc (nie-
zwiazany z picia), czyli u chorych cechujacych sie posred-
nimo ryzykiem zakrzepowo-zatorowym [2]. Chorzy z grupy

wysokiego ryzyka z AF wymagajg bezwzglednej terapii
OAC. Sa oni w grupie szczegblnie narazonej na powiktania
zakrzepowo-zatorowe. Nalezy rowniez wspomniec o tym, ze
leki przeciwptytkowe nie moga by¢ stosowane w profilaktyce
powikian zakrzepowo-zatorowych u chorych z AF [2].
Zgodnie ze zmieniajgcymi sie w ostatnich latach wy-
tycznymi pacjenci wysokiego ryzyka udaru zawsze wyma-
gali terapii przeciwkrzepliwej. W wytycznych z 2010 roku
zalecano, ze uzyskanie co najmniej 2 punktéw w skali
CHADS, jest wskazaniem do zastosowania antagonisty wi-
taminy K (VKA, vitamin K antagonist), 1 punkt umozliwia
wybor miedzy VKA a kwasem acetylosalicylowym (ASA, ace-
tylsalicylic acid), natomiast uzyskanie O punktow oznacza
brak wskazan do leczenia przeciwzakrzepowego [14]. Po
raz pierwszy zwrécono uwage na mozliwos¢ stosowania
w ramach profilaktyki przeciwzakrzepowej u chorych z AF
nowych OAC (NOAC, novel OAC) nalezacych do dwéch grup
— bezposrednich inhibitoréw trombiny (np. dabigatran)
i doustnych inhibitorow czynnika Xa (np. riwaroksaban).
W 2012 roku ukazat sie dokument uaktualniajgcy wytyczne
z 2010 roku; pojawity sie kolejne dowody przemawiajace
na korzys¢ nowych OAC [15]. Udowodniono, ze ASA w pre-
wencji udaru mézgu moze byé szkodliwy i brakuje dowodéw
potwierdzajacych jego skutecznoS¢ w prewencji powiktan
zakrzepowo-zatorowych u chorych z AF [16]. W Kkolejnych
latach przeprowadzano badania, w ktérych oceniano OAC
u pacjentéw z AF; wigczano do nich gtéwnie osoby obcigzo-
ne wysokim ryzykiem udaru mézgu [17, 18]. Wykazano, ze
mezczyzni z co najmniej 2 punktami w skali CHA,DS,-VASc
i kobiety z 3 punktami w tej skali odnosza korzysci ze sto-
sowania OAC. Stwierdzono, ze VKA i NOAC sa skuteczne
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Tabela 3. Zastosowanie doustnych lekdw przeciwzakrzepowych (OAC, oral anticoagulants) u pacjentéw z migotaniem przedsionkéw
(AF, atrial fibrillation) obciazonych wysokim ryzykiem udaru mézgu w badaniach klinicznych (na podstawie [20-32])

Badanie/autor

ORBIT AF 11 [20]

ATRIUM, Meinertz et al. [28]
PREFER IN AF [24]
GARFIELD-AF/Cools et al. [22]
GLORIA AF Il/Huisman et al. [27]
Chae et al. [29]

Krittayaphong et al. [30]
EORP-AF [23]

GARFIELD AF/Dalgaard et al. [31]
Raji et al. [32]

Cowan et al. [25]

Holt et al. [26]

Ding et al. [21]

Lata, w ktérych przeprowadzono badanie

2011-2014
2009
2012-2013
2012-2016
2011-2014
2006-2008
2014-2017
2013-2016
2010-2016
2007
2009-2012
2007-2010
2001-2004

w zapobieganiu udarom mézgu u pacjentdéw z AF oraz ze
mozna je bezpiecznie stosowaé [19]. W wytycznych ESC
22020 roku [2] po raz kolejny przedstawiono silne dowody
potwierdzajace skutecznosé i bezpieczenstwo NOAC, kto-
rych rola zostata znaczgaco wzmocniona. Ze wzgledu na ich
skutecznosé, profil bezpieczenstwa oraz wygode stosowania
sq to leki pierwszego wyboru wsréd OAC w prewencji uda-
ru moézgu u pacjentéw z AF, co potwierdzajg duze rejestry
z ostatnich lat [20].

Profilaktyka powiktan zakrzepowo-
-zatorowych w duzych rejestrach

Wraz z pojawianiem sie kolejnych wytycznych oraz ko-
lejnych badan dotyczgcych AF zmieniato sie podejscie
do zastosowania doustnego leczenia przeciwkrzepliwe-
go. U chorych z grupy wysokiego ryzyka zakrzepowo-
-zatorowego jest ono bezwzglednie wskazane. Uwage
zwraca zwiekszenie wykorzystania OAC w codziennej
praktyce w kolejnych latach. W rejestrze Ding i wsp. [21]
w latach 2001-2004 u chorych z wynikiem co najmniej
2 punktow w skali CHA,DS,-VASc byto to zaledwie 23%,
w latach 2012-2016 w badaniu Cools i wsp. [22] — juz
84,3%, co wskazuje na podobieAstwo do danych z re-
jestrow EORP-AF [23] oraz PREFER in AF [24]. Wyniki
przedstawione przez Cowan i wsp. [25] oraz Holt i wsp.
[26] sa podobne i dotycza okreSlonego przedziatu cza-
sowego — odpowiednio 2009-2012 oraz 2007-2010,
w ktorych zastosowanie OAC wyniosto 55% i 53%. Rejestr
GLORIA-AF Il [27] ukazuje znaczgce zastosowanie OAC
u chorych z grupy wysokiego ryzyka (83,2%), co kontra-
stuje z wynikami | fazy, w ktérej najczesciej przepisywano
ASA. W rejestrach GARFIELD-AF i ORBIT-AF Il leki z grupy

Odsetek pacjentow leczonych OAC (%)
87
87

85,6
84,3
83,2
82
81,6
Ok. 80
73,1
67,8
55
B3}
23

OAC stosowano odpowiednio u 69% oraz 87% chorych
z co najmniej 2 punktami w skali CHA,DS,-VASc, ale
ze znaczna niejednorodno$cia geograficzna (zakresy
31-93% [GARFIELD-AF] i 66-100% [ORBIT-AF II]). Wrod
pacjentéw z nowo rozpoznanym AF stosowanie doustnych
lekow przeciwzakrzepowych niebedgcych antagonistami
witaminy K z czasem zwiekszyto sie do 43% w 2016 roku
w przypadku GARFIELD-AF i 71% w przypadku ORBIT-AF
Il, natomiast stosowanie monoterapii przeciwptytkowej
zmniejszyto sie z 36% do 17% ( GARFIELD-AF) i z 18% do
8% (ORBIT-AF 1 11) [20]. W tabeli 3 [20-32] zawarto wyniki
leczenia przeciwkrzepliwego w zapobieganiu powiktaniom
zakrzepowo-zatorowym wsrdd pacjentéw z AF i wysokim
ryzykiem udaru w poszczegdlnych rejestrach.

Ograniczenia leczenia przeciwkrzepliwego
u chorych z grupy wysokiego ryzyka
zakrzepowo-zatorowego

Ograniczenia dotyczgce stosowania OAC u chorych z grupy
wysokiego ryzyka zakrzepowo-zatorowego dotyczg przede
wszystkim przeciwwskazan do stosowania lekdw z tej grupy.
Szacuje sie, ze wystepujg one u okoto 13% chorych. W ba-
daniu ORBIT-AF [33] stwierdzono jednak, ze sg one czesto
subiektywne, a wielu pacjentdw, ktorzy je zgtosili, otrzymy-
wato OAC, co sugeruje, ze postrzegana korzys¢ przewazata
nad potencjalnym ryzykiem wynikajacym z ich stosowania.
W badaniu Steinberg i wsp. [34] sposrod 26 684 pacjentow
z AF nieleczonych OAC u 8283 (31%) wystepowaty prze-
ciwwskazania zwigzane z wysokim ryzykiem krwawienia,
przede wszystkim nieprawidtowe parametry morfotyczne
krwi — matoptytkowo$é, anemia, hemoglobinopatie, no-
wotwory uktadu krwiotwoérczego i uktadu chtonnego (75%)
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lub krwawieniem z przewodu pokarmowego w wywiadzie
(40%). Przeciwwskazania do stosowania OAC zwigzane z wy-
sokim ryzykiem krwawienia czesciej wystepujg u starszych
pacjentéw z AF. W badaniu Polo Garcia i wsp. [35] okoto
20% o0s0b z niezastawkowym AF nie otrzymato leczenia
przeciwkrzepliwego. Gtownymi powodami byty: odmowa
monitorowania parametréw uktadu krzepniecia przez
pacjenta (37,3%), wysokie ryzyko krwawienia (31,1%), nie-
kontrolowane nadciSnienie tetnicze (27,9%), czeste upadki
(27,6%). Z kolei w badaniu Redfors i wsp. [36] sposrod
1300 643 pacjentow 43 248 (3,3%) miato przeciwwskaza-
nia do terapii przeciwkrzepliwej i przez ostatnie 12 miesiecy
nie otrzymato OAC lub zmarto w szpitalu.

Nieliczne bezwzgledne przeciwwskazania do przyjmo-
wania OAC obejmuja czynne powazne krwawienie (w przy-
padku ktorego nalezy zidentyfikowac i leczy¢ jego Zrod-
to), choroby wspétistniejace (np. ciezka matoptytkowosé
< 50 piytek krwi/l, ciezka niedokrwisto$é w trakcie badania
itp.) lub niedawne krwawienie o wysokim ryzyku, takie jak
krwotok wewnatrzczaszkowy (ICH, intracerebral hemorrha-
ge). W takich przypadkach mozna rozwazy¢ opcje niefar-
makologiczne [2]. Ograniczenia dotyczg przede wszystkim
starszych osob — powyzej 90. roku zycia, 0sOb z demen-
cja, po przebytym udarze krwotocznym lub krwawieniu, ze
skrajng niewydolno$cig nerek, watroby, pacjentéw z cho-
robami nowotworowymi.

Odnoszac sie do niewydolnosci nerek, nalezy stwierdzic,
ze zadne z randomizowanych badan dotyczacych stosowa-
nia OAC nie obejmowato pacjentow ze schytkowg niewydol-
noscig nerek. Pacjenci z AF poddawani hemodializie (HD,
hemodialysis) sg obcigzeni dodatkowymi czynnikami ryzy-
ka udaru z powodu choréb naczyniowych, wieku, cukrzycy
oraz leczenia HD. Sa oni réwniez narazeni na zwiekszone
ryzyko powaznego krwawienia z powodu mocznicowego
zaburzenia czynnoSci ptytek krwi. Leki przeciwzakrzepo-
we zwiekszajg ryzyko krwawienia u pacjentdow ze schytko-
wa niewydolnoscia nerek i leczonych HD nawet 10-krotnie
w poréwnaniu z leczonymi warfaryng pacjentami z prawid-
towymi parametrami nerkowymi [37]. Arnson i wsp. [38]
przeprowadzili analize, oceniajgc bezpieczenstwo stoso-
wania OAC u pacjentéw z przewlektg choroba nerek (CKD,
chronic kidney disease). Chorzy byli starsi i mieli wiecej
chordb wspotistniejacych. Najmniej OAC (27,6%) otrzymali
pacjenci w stadium 4.-5. przewlekiej niewydolnosci nerek
(CRF, chronic renal failure). Zastosowanie OAC wigzato sie
z obnizonym ryzykiem udaru oraz ICH niezaleznie od sta-
dium CRF oraz ze zmniejszonym ryzykiem zgonu u chorych
z CRF w stadiach 1.-3. Stosunek ryzyka do korzysci z OAC
w zaawansowanej CKD jest przedmiotem ciagtej debaty
oraz rozwazan klinicznych.

Pacjenci z dysfunkcjg watroby moga by¢ bardziej naraze-
ni na krwawienie w przypadku stosowaniu VKA, z kolei z uzy-
ciem NOAC prawdopodobnie wiaze sie nizsze ryzyko powiktan

krwotocznych. U chorych, u ktorych znana jest przyczyna
krwawienia, nalezy wdrozy¢ postepowanie przeciwdziatajace
chorobie oraz wtgczyé OAC najszybciej, jak to mozliwe, kon-
centrujgc sie na najwiekszym profilu bezpieczenstwa leku.
Zaawansowana choroba watroby zwieksza ryzyko krwawienia
i wptywa na metabolizm lekéw. Pacjenci z czynna chorobg
watroby i AF czesto zostajg wykluczeni z badan klinicznych
dotyczacych stosowania OAC. Chorzy, szczeg6lnie ci z niepra-
widtowymi parametrami krzepniecia krwi, moga by¢ bardziej
narazeni na zdarzenia krwotoczne. Kuo i wsp. [39] stwierdzili
jednak, ze u pacjentow z marskoscig watroby korzys¢ zwig-
zana z redukcjg ryzyka wystapienia udaru niedokrwiennego
podczas zastosowania NOAC moze przewazy¢ nad ryzykiem
krwawienia, w poréwnaniu z nieleczeniem, co przemawia za
stuszno$ciag stosowania tych lekow.

Pacjenci z choroba nowotworowg i AF sg szczegblna
grupg, w ktorej ostroznie podchodzi sie do leczenia prze-
ciwkrzepliwego. Ostatnie analizy [40, 41] wskazujg jednak
jasno, ze NOAC sg bezpieczne i w poréwnaniu z VKA wy-
stepuje u nich mniej powiktan zakrzepowo-zatorowych oraz
krwawien. Antagonisci witaminy K maja liczne wady, ktére
szczegblnie moga zaburzac terapie oraz leczenie choréb
nowotworowych. Nalezg do nich interakcja z chemiotera-
peutykami lub innymi lekami, nietolerancja pokarmowa i ko-
nieczno$é przerywania leczenia z powodu procedur inwa-
zyjnych. Co istotne, ryzyko krwawienia moze sie zwiekszaé
podczas stosowania petnych dawek NOAC u pacjentéw z no-
wotworami przewodu pokarmowego, dlatego u tych chorych
nalezy zachowaé szczegblng ostroznos¢ [42].

Podsumowanie

Profilaktyka zakrzepowo-zatorowa u chorych z grupy wy-
sokiego ryzyka zakrzepowo-zatorowego u pacjentéw z AF
jest istotnym elementem postepowania u tych pacjentow.
Przez lata zmieniat sie profil pacjenta opisywanego jako
»chory wysokiego ryzyka”. Pacjenci z wysokg punktacjg
w skali CHA,DS,-VASc zawsze wymagali wiaczenia leczenia
przeciwkrzepliwego. Nalezy stwierdzi¢, ze czynniki ryzyka,
w tym choroby towarzyszace, moga ewaluowaé, w zwiazku
z tym pacjenta powinien oceniaé lekarz zaleznie od okres-
lonej sytuacji klinicznej. Niemniej najbezpieczniejszymi,
a zarazem dostepnymi lekami w redukcji ryzyka powiktan
zakrzepowo-zatorowych sg NOAC. Ich zastosowanie powin-
no sie w pierwszej kolejnosci rozwazac przy wdrazaniu tera-
pii przeciwkrzepliwej. Istniejg pewne ograniczenia, takie jak
ciezka niewydolnoS¢ nerek, watroby czy tez aktywna postaé
choroby nowotworowej, ale najnowsze badania wskazuja
bezpieczenstwo réwniez pod tym wzgledem.
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Abdominal mask of acute coronary syndrome or ...?
The expediency of including abdominal aorta screening
in routine echocardiography

Maska brzuszna ostrego zespotu wiencowego czy ... ?
CelowoS¢ wigczenia badania przesiewowego aorty brzusznej
do rutynowego protokotu badania echokardiograficznego
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Abstract

An 86-year-old woman with a history of hypertension, paroxysmal atrial fibrillation, chronic kidney disease, type 2 diabe-
tes and hypothyroidism, was admitted due to weakness and atypical chest pain accompanied by dyspnoea, abdominal
pain, vomiting and lack of appetite. Also, a month ago the patient underwent left lower limb erysipelas and reported
a 10 kg decrease in body weight over the past year.

On admission, the patient was hemodynamically stable. Electrocardiography revealed sinus rhythm, first-degree atrio-
ventricular block, and persistent ST-segment depression in the anterolateral loads. Biochemical tests revealed eleva-
ted high-sensitivity troponin level and high N-terminal pro-B-type natriuretic peptide concentration. Echocardiography
showed normal left ventricle systolic function, ejection fraction of 50%, without evidence of significant valvular heart
disease. Taking into consideration all of the above, the diagnosis of the acute coronary syndrome was proposed.

Due to the standards applied in our echocardiography protocol (screening of abdominal aorta dimension in people over
65-years-old), a significant widening of the abdominal aorta was found. In computed tomography angiogram, abdomi-
nal 57 mm aortic aneurysm with a haemorrhagic thrombus and right iliac aneurysm with a large thrombus with deep
ulceration were confirmed.

The whole clinical picture suggests that the patien’s complaints resulted from the presence of large abdominal aortic
and common iliac artery aneurysms, accompanied by pressure on the adjacent abdominal organs and with a high risk
of sudden rupture.

The described case confirms the validity of supplementing routine echocardiographic protocol with a screening as-
sessment of the abdominal aorta, following European Society of Cardiology guidelines. Accurate diagnosis, in this case,
protected the patient from acute coronary syndrome invasive treatment, which could result in intensive anticoagulant
and antiplatelet therapy implementation and lead to life-threatening complications.

Key words: abdominal aorta screening, echocardiography, people over 65 years
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Introduction

The implementation of abdominal aorta assessment in
routine echocardiography protocol is limited. Many fac-
tors, like insufficient time for examination and abdominal
obesity, might contribute to this current state. However,
thinking outside of the box and looking for a different cause
of a patient’s symptoms is extremely important in everyday
practice. Therefore, European Society of Cardiology (ESC)
guidelines from 2014 emphasize the usefulness of abdo-
minal aortic aneurysm screening [1].

Case report

86-year-old woman with a history of hypertension, pa-
roxysmal atrial fibrillation, chronic kidney disease in
G4 Kidney Disease Improving Global Outcomes stage,
type 2 diabetes and hypothyroidism was admitted due
to weakness with atypical chest pain accompanied by
dyspnoea, abdominal pain, vomiting and lack of appetite.
Also, a month ago the patient underwent left lower limb

erysipelas and reported a 10 kg decrease in body weight
over the past year.

On admission, the patient was hemodynamically stable.
Physical examination revealed small wounds covered with
necrotic crusts on the left lower limb. Electrocardiography
(ECQG) revealed sinus rhythm 64 beats/minute, first-degree
atrioventricular block, and persistent ST-segment depres-
sion in the anterolateral loads.

In biochemical tests elevated high-sensitivity troponin
level and high N-terminal pro-B-type natriuretic peptide (NT-
-proBNP) concentration were revealed. Echocardiography
showed normal left ventricle systolic function, ejection fra-
ction of 50%, without evidence of significant valvular heart
disease. Due to the standards applied in our echocardio-
graphy protocol (screening of abdominal aorta dimension
in people over 65-years-old), a significant widening of the
abdominal aorta was found (Figure A). In computed tomo-
graphy angiogram, abdominal aortic aneurysm up to 57 mm
with an 82 mm length haemorrhagic thrombus and right
iliac aneurysm up to 64 mm, with a large thrombus with
deep ulceration were confirmed (Figure B).

Figure 1. Abdominal aortic aneurysm with haemorrhagic thrombus (A — ultrasound; B — computed tomography angiogram) and right iliac
aneurysm with a large thrombus with deep ulceration (B — computed tomography angiogram)
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Discussion

The main question is what was the cause of the complaints
reported by the patient?

The whole clinical picture suggests that the patient’s
complaints resulted from the presence of large abdominal
aorticand common iliac artery aneurysms, accompanied by
pressure on the adjacent abdominal organs and with a high
risk of sudden rupture. This was not a typical picture of an
acute coronary syndrome — as claimed initial diagnosis.

Vascular surgeon consultation resulted in disqualifica-
tion from classical surgical treatment due to a very high
risk of the procedure, as well as from transvascular treat-
ment due to the tortuous course of the vessels.

Conclusions

The described case confirms the validity of supplementa-
tion the routine echocardiographic protocol with a screening

Streszczenie

assessment of the abdominal aorta, following ESC guideli-
nes from 2014 [1]. Furthermore, a beneficial effect of this
approach was underlined in the systematic review and
meta-analysis of Argyriou et al. [2].

It is worth noting that the proper order of performing
imaging tests, contribute to a specific diagnosis. Accurate
diagnosis, in this case, protected the patient from acute
coronary syndrome invasive treatment, which could result
in intensive anticoagulant and antiplatelet therapy imple-
mentation and could lead to life-threatening complications.
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Kobieta w wieku 86 lat, z wywiadem nadciSnienia tetniczego, napadowego migotania przedsionkow, przewlektej choroby
nerek, cukrzycy typu 2 oraz niedoczynnosci tarczycy, zostata przyjeta do szpitala z powodu ostabienia z towarzyszacymi
nietypowymi bolami w klatce piersiowej i uczuciem dusznosci. Wystepowaty rowniez béle brzucha, wymioty i brak ape-
tytu. Ponadto w wywiadzie stwierdzono przebytg przed miesigcem réze lewej konczyny dolnej oraz zmniejszenie masy

ciata 0 okoto 10 kg w ostatnim roku.

Przy przyjeciu chora byta stabilna hemodynamicznie. W elektrokardiogramie zarejestrowano: rytm zatokowy, blok
przedsionkowo-komorowy | stopnia, przetrwate obnizenia odcinka ST nad Sciana przednio-boczng. W badaniach bio-
chemicznych stwierdzono podwyzszone stezenie troponiny wysokoczutej i wysokie stezenie N-koncowego fragmentu
propeptydu natriuretycznego typu B. Echokardiograficznie lewa komora o zachowanej prawidtowej funkcji skurczowej
(frakcja wyrzutowa 50%), bez cech istotnej hemodynamicznie wady zastawkowej serca. Na podstawie obrazu klinicznego

wysunieto podejrzenie ostrego zespotu wiencowego.

Ze wzgledu na przyjete w lokalnej pracowni echokardiograficznej standardy (przesiewowe badanie ultrasonograficzne
aorty brzusznej u 0séb > 65. rz.) stwierdzono istotne poszerzenie aorty brzusznej. W angiografii tomografii komputerowej
potwierdzono tetniak aorty brzusznej do 57 mm z potokrezna skrzepling oraz tetniak prawej tetnicy biodrowej z duza

skrzepling z cechami gtebokiego owrzodzenia.

Catosé obrazu klinicznego sugerowata, ze dolegliwosci pacjentki wynikaty z obecnosci duzego tetniaka aorty brzusznej
i tetnicy biodrowej wspdlinej, z towarzyszacym uciskiem na sasiadujace narzady jamy brzusznej i wysokim ryzykiem

nagtego pekniecia.

Opisany przypadek potwierdza zasadno$¢ uzupetnienia protokotu rutynowego badania echokardiograficznego o prze-
siewowg ocene szerokosci aorty brzusznej, zgodnie z wytycznymi Europejskiego Towarzystwa Kardiologicznego. Jed-
noczeSnie wtasciwe rozpoznanie uchronito pacjentke przed leczeniem inwazyjnym ostrego zespotu wiencowego, co
skutkowatoby wdrozeniem intensywnego leczenia przeciwzakrzepowego i przeciwptytkowego i mogtoby doprowadzié¢ do

groznych dla zycia powikfan.

Stowa kluczowe: badanie przesiewowe aorty brzusznej, badanie echokardiograficzne, osoby po 65. roku zycia
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Severe chronic thromboembolic pulmonary hypertension
in a patient after splenectomy for hereditary spherocytosis:
the need for long-term surveillance and closer cooperation

between haematologists and cardiologists

Ciezkie przewlekte zakrzepowo-zatorowe nadciSnienie ptucne po splenektomii
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Abstract

We present the case of a 34-year-old female patient with severe pulmonary hypertension diagnosed > 15 years after
splenectomy to emphasize the need to monitor patients after splenectomy for the development of chronic thrombo-
embolic pulmonary hypertension (CTEPH). The lack of screening tests for this group of patients, as in the described
case, resulted in a serious clinical condition of the patient at the time of diagnosis. Without specialized treatment, the
probability of her survival at 5 years was only 10%. Close collaboration between haematologists and cardiologists is
mandatory in the management of post-splenectomy patients Life-long surveillance is needed in these patients due to
the risk of CTEPH. The development of a screening program for post-splenectomy patients is required.

Key words: chronic thromboembolic pulmonary hypertension, CTEPH, pulmonary hypertension, PH, splenectomy
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Introduction

Case report

We present a case of a young patient with severe pulmonary
hypertension (PH) diagnosed > 15 years after splenectomy
to emphasize the need for monitoring of patients after sple-
nectomy for the development of chronic thromboembolic
pulmonary hypertension (CTEPH).

A 34-year-old woman was admitted to the hospital due to
suspected PH. In childhood, she underwent splenectomy
due to congenital spherocytosis at the age of 16 (2002).
In December 2018, there was a pulmonary embolism (PE)
treated with thrombolysis, and a month later she underwent
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Figure 1A. Echocardiography shows the enlargement of the right heart chambers and pulmonary trunk: right ventricle (RVID) 53 mm, right
atrial area 28 cm?, RV:LV ratio 1.4. D-shaped left ventricle in systole, secondary to interventricular septum flattening, indicates the right
ventricular pressure overload. Severe tricuspid regurgitation is shown with the peak velocity of 4.8 m/s; B. Lung scintigraphy shows nume-
rous segmental and subsegmental perfusion deficits in both lungs (white arrows); C. Pulmonary angiography reveals the widening of main
branches of the pulmonary artery, organized clots located in the distal parts of both lower lobes branches (red asterisks) and multiple webs
lesions at segmental levels. From the left: right pulmonary artery (posteroanterior and right anterior-posterior oblique 90 views) and left
pulmonary artery (posteroanterior and left anterior-posterior 90 oblique views)
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surgical recanalization of deep veins in the right lower limb

and filter implantation into the inferior vena cava. Three

months later, deep vein thrombosis was diagnosed, while
taking enoxaparin. Despite anticoagulation, PE recurred in

August 2019 and leftiliac vein thrombosis was diagnosed.

Thrombophilia was excluded.

On admission, the patient complained of progressive
dyspnoea [New York Heart Association (NYHA) Ill] and re-
current syncopes.

In laboratory tests: haemoglobin 17 g/dL, haema-
tocrit 53%, platelets 560 x 10°/L and BNP 169 pg/mL.
Electrocardiography (ECG) showed sinus tachycardia,
right axis deviation, P-pulmonale, right ventricular (RV)
hypertrophy.

Echocardiography revealed (see Supplementary vid-
€0s):

— normal left ventricular (LV) systolic function: LV ejec-
tion fraction 60%;

— right heart and pulmonary trunk enlargement;

— impaired RV systolic function; three-dimensional RV
ejection fraction 31%, RV free wall longitudinal strain
-10%, RV S’ 10 cm/s;

— severe tricuspid regurgitation, and RV systolic pressure
of 100 mmHg (Figure 1A).

Angio-CT showed no evidence of acute PE. Perfu-
sion scintigraphy revealed numerous perfusion deficits
in both lungs at the segmental and subsegmental levels
(Figure 1B). Right heart catheterization indicated preca-
pillary PH: mean pulmonary artery pressure (mPAP) was
57 mm Hg, pulmonary vascular resistance 8.93 Wood units,
pulmonary capillary wedge pressure 12 mm Hg, and the
cardiac index was 2.56 L/min/m”. Pulmonary artery angio-
graphy showed numerous contrast deficits (Figure 1C), and
finally, CTEPH was diagnosed. The patient was qualified for

Streszczenie

urgent pulmonary endarterectomy (PEA) and removal of the
inferior vena cava filter.

Discussion

Splenectomy is considered a risk factor for CTEPH develop-
ment and a history of splenectomy is found in 3.4-9.1% of
CTEPH patients [1, 2]. CTEPH may occur many years after
splenectomy [3]. The diagnosis of CTEPH may be chal-
lenging, but this does not fully explain the late diagnosis
in the presented case. This could be due to low awareness
of the risk of CTEPH after splenectomy and the lack of
recommendations for monitoring these patients. CTEPH
is a rare disease that, if untreated, leads to RV failure and
death. In the case of untreated CTEPH and mPAP exceed-
ing 50 mm Hg (57 mm Hg in the presented patient), 5-year
survival was only 10% [4]. However, successful treatment
with PEA reduces the risk of death by 67% compared to non-
operated patients [5]. In patients not eligible for surgery,
percutaneous balloon pulmonary angioplasty is an option.
Also targeted pharmacotherapy for PH is administered,
mainly using riociguat.

Conclusion

Close collaboration between haematologists and cardiolo-
gists is mandatory in the management of post-splenectomy
patients. They require life-long surveillance due to the risk
of CTEPH. The development of a screening program for
post-splenectomy patients is required.

Conflict of interest

The authors declare no conflict of interest.

Przedstawiono przypadek 34-letniej pacjentki z ciezkim nadciSnieniem ptucnym (PH) zdiagnozowanym ponad 15 lat
po splenektomii, aby podkresli¢ potrzebe monitorowania pacjentow po tym zabiegu pod katem rozwoju przewlektego
zakrzepowo-zatorowego nadcisnienia ptucnego (CTEPH). Jak dotad, brakuje zalecen odnosnie do badan przesiewowych
u chorych po splenektomii, co w opisanym przypadku skutkowato ciezkim PH u chorej w momencie podstawienia diag-
nozy. Bez podjecia specjalistycznego leczenia prawdopodobiefstwo jej 5-letniego przezycia wynosito zaledwie 10%.
Pacjenci po splenektomii wymagaja Scistej wspotpracy miedzy hematologami i kardiologami oraz statej obserwacii przez
cate zycie ze wzgledu na ryzyko wystapienia CTEPH. Konieczne jest opracowanie programu badan przesiewowych dla

pacjentow po splenektomii.

Stowa kluczowe: zakrzepowo-zatorowe nadcisnienie ptucne, CTEPH, nadciSnienie ptucne, PH, splenektomia
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Arrhythmic manifestation of non-compaction cardiomyopathy
of both ventricles

Paulina Dubiel, Grzegorz Jan Kaminski ®,Andrzej Curzytek
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Abstract

This paper presents a case report of a patient diagnosed with a rare non-compaction cardiomyopathy of both ventricles.
The diagnosis was based on echocardiography after excluding other possible causes of myocardial damage. The reason
for the initiation of cardiological diagnostics was a history of syncope, the cause of which was finally considered to be
paroxysmal ventricular tachycardia. In the secondary prevention of sudden cardiac death, the patient was implanted
with a cardioverter-defibrillator. The thrombus found in the left ventricle was successfully treated with anticoagulants.

Key words: non-compaction cardiomyopathy, heart failure, arrhythmic manifestation, echocardiography, ventricular
tachycardia, implantable cardioverter-defibrillator, left ventricular apical thrombus

Introduction

Non-compaction cardiomyopathy (NCC) is a rare form of
cardiomyopathy, defined by the European Society of Car-
diology (ESC) classification as unclassified cardiomyopathy.
On the other hand, the American Heart Association (AHA)
classification consideres NCC to be genetic cardiomyopathy.
NCC most commonly affects the left ventricle and manifests
with abnormal myocardial structure. This pathology involves
the presence of a two-layered left ventricular wall within the
non-compacted segments: an inner non-compacted (NC)
layer and an compacted (C) layer [1, 2].

The prevalence of NCC is not precisely known. Accor-
ding to various sources it ranges from 0.05-0.26% of the
general population of adults referred to echocardiography.
Clinically, NCC may be asymptomatic for a long time. The
first symptoms are those typical of heart failure or cardiac
arrhythmia. Sudden cardiac death may be the first mani-
festation. The triad of typical symptoms is completed by
thromboembolic complications. In this group of patients,
monomorphic ventricular tachycardia predominates. Both,

Folia Cardiologica 2021; 16, 2: 134-137

monomorphic and polymorphic, ventricular tachycardia can
be found in one third of patients. The diagnosis is based
on transthoracic echocardiography (TTE) and cardiac mag-
netic resonance (CMR).

The most clinically useful criteria for diagnosing left
ventricular non-compaction (LVNC) are those presented by
Jenni [3]. The diagnosis of this cardiac pathology requires
the detection of a two-layered structure of the left ventricu-
lar wall together with an outer, epicardial, compacted layer
(C)and aninner, endocardial, thicker non-compacted layer
(NC); a thickness ratio of NC:C > 2 measured in paraster-
nal short axis view during late systole, and the presence of
blood flow directly from the left ventricular chamber into the
sinuses formed between trabeculae of the non-compacted
layer. Right ventricular non-compaction (RVNC) may accom-
pany LVNC, and there are no separate, generally accepted
criteria for diagnosing this pathology in the right ventricle.
Currently, there is no specific therapy for this condition,
and a medical procedure should depend on clinical pictu-
re. In this group of patients, routine anticoagulant therapy
remains to be discussed.
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Figure 1. The ratio between non-compacted (NC) endocardial layer
and compacted (C) epicardial layer in the end-systolic phase and
parasternal short axis view

Case study

Aman, aged 54, was admitted to the cardiology department
for extended diagnosis due to a complete and brief loss of
consciousness while driving a car. It was the second loss
of consciousness in the patient’s life.

Based on the patient’s history, it was found that he had
good health and for approx. a year he reported no compla-
ints, excluding brief and mild dizziness. The possibility of
toxic myocardial injury was excluded. The patient’s family
history raised the suspicion of sudden cardiac death in his
father, who died at a young age. There were no overt signs
of heart failure in the physical examination.

Electrocardiogram (ECG) monitoring showed sinus
rhythm with QRS complex frequency of approx. 60/min.,
cardiac axis — normogram, negative T-waves in I, Il
aVF, V5, V6. The poor R-wave progression in V1-V4 also
paid particular attention. The ECG monitoring was sta-
ble during hospitalisation. No significant abnormalities
were found on chest X-ray. In laboratory studies, an un-
remarkable increase in the N-terminal pro-B-type natriu-
retic peptide (NT-proBNP) was detected — 867.60 pg/mL
[norm (N): 0-125]. Normal calcium, ferritin, iron, total iron
binding capacity (TIBC) and creatine kinase values were
also found. D-dimer levels were normal: < 170 ng/mL
(N: 0-500). Echocardiography found left ventricular chamber
dilatation [left ventricular end-diastolic diameter) (LVEDD)
= 70 mm, left ventricular end-systolic diameter (LVEDS)
= 63 mm] with normal thickness of the basal segments
of the interventricular septum and inferior wall, as well as
generalised left ventricular hypokinesis with a biplane left
ventricular ejection fraction (LVEF) of 22%. In the left ven-
tricular apex and within the apical and mid segments of
the inferior and lateral walls, as well as within the apical
segment of the anterior wall, increased trabeculation was

Figure 2. The four-chamber view — right ventricular free wall affec-
ted by non-compaction

depicted with a two-layered pattern of the wall, consisting
of a C epicardial layer and NC endocardial layer, typical of
LVNC. In the end-systolic phase, the NC:C ratio in the par-
asternal short axis view was approximately 3 (Figure 1).
The Color Doppler imaging showed blood flow from the
left ventricular lumen into the sinuses of the NC layer. The
above-described imaging results met the diagnostic Jen-
ni's [3] criteria for LVNC. The entire free wall of the right
ventricle was also affected by non-compaction (Figure 2).
There were no significant abnormalities found in TTE, ex-
cluding mild mitral regurgitation and trace aortic regurgi-
tation. The whole clinical presentation enabled making the
diagnosis of NCC of both ventricles. Coronary angiography
found normal epicardial coronary arteries, thus excluding
a coronary background of myocardial injury. The diagno-
sis was extended to include an 24-hour ECG Holter moni-
toring, which detected several episodes of non-sustained
ventricular tachycardia (Figure 3). It was concluded with
high probability that the loss of consciousness was cardio-
genic in nature and it was associated with hazardous ven-
tricular arrhythmia. Accordingly, the patient was implant-
ed with an implantable cardioverter-defibrillator (ICD) in
the secondary prevention of sudden cardiac death. Then,
a cardioverter-defibrillator test was performed under brief
general anaesthesia, which confirmed proper functioning
of the device. Before the patient was discharged from the
hospital, an echocardiographic follow-up was performed.
The said examination detected the presence of previously
absent thrombus in the left ventricular apex. The presence
of thrombus was confirmed by tissue Doppler imaging as
well as contrast-enhanced ultrasound (Figure 4).

The therapy included bisoprolol, trandolapril, spirono-
lactone, torasemide and unfractionated heparin used in
continuous infusions, followed by vitamin K antagonist.
A gradual regression of the thrombus was observed in
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Figure 3. A non-sustained ventricular tachycardia episode detected on Holter trace

Figure 4A, B. The four-chamber view, tissue Doppler imaging and contrast-enhanced ultrasound — left ventricular apical thrombus

echocardiographic follow-ups. The patient was discharged
home in good condition with a recommendation to conti-
nue treatment in an outpatient setting. Two weeks after the
patient’s hospital discharge, an outpatient visit revealed
his overall good condition, no ICD interventions. Echocar-
diography excluded the left ventricular apical thrombus.

Summary

The above-mentioned case study presents a patient
without overt clinical signs of heart failure, which are
the most common manifestation in a group of patients
with NCC. The first manifestation of NCC was brief loss
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of consciousness, the cause of which was considered
to be hazardous ventricular arrhythmia. The overall
clinical picture suggested the need for implantation of
a cardioverter-defibrillator in the secondary prevention of
sudden cardiac death. The high risk of thromboembolic
complications in this group of patients is emphasised by
the fact that the duration of hospitalisation was sufficient
enough for the development of left ventricular apical
thrombus in the patient.

The absence of typical signs of heart failure does not
exclude significant myocardial damage. Early diagnosis,
treatment and follow-up of this group of patients improve
prognosis and prevent sudden cardiac death early enough.
In the case of patients with confirmed myocardial non-com-
paction, despite the absence of signs or dysfunctions of the

left ventricle, echocardiographic screening of family mem-
bers is recommended to exclude this pathology.
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Streszczenie

W pracy przedstawiono opis przypadku pacjenta, u ktérego rozpoznano rzadkg kardiomiopatie z niescalenia miesnia
obu komér serca. Rozpoznania dokonano na podstawie echokardiografii, po wykluczeniu innych mozliwych przyczyn
uszkodzenia miesnia sercowego. Powodem rozpoczecia diagnostyki kardiologicznej byt wywiad omdlen, za ktérych
przyczyne ostatecznie uznano napadowe czestoskurcze komorowe. W profilaktyce wtornej naglej Smierci sercowej
implantowano choremu wszczepialny kardiowerter-defibrylator. Stwierdzong w lewej komorze skrzepline skutecznie

leczono lekami przeciwzakrzepowymi.

Stowa kluczowe: kardiomiopatia z niescalenia miesnia sercowego, niewydolno$é serca, manifestacja arytmiczna,
echokardiografia, czestoskurcze komorowe, kardiowerter-defibrylator, skrzeplina w koniuszku lewej komory

Wstep

Kardiomiopatia z niescalenia to rzadka postaé kardiomiopa-
tii, okreslana wedtug klasyfikacji European Society of Car-
diology (ESC) mianem kardiomiopatii niesklasyfikowanej,
natomiast wedtug klasyfikacji American Heart Association
(AHA) — uznawana za kardiomiopatie o0 podtozu genetycz-
nym. Najczesciej dotyczy lewej komory i manifestuje sie
nieprawidtowa budowg miokardium. Patologia ta polega
na wystepowaniu w zakresie segmentéw niescalonych
dwuwarstwowej Sciany lewej komory: warstwy wewnetrznej
niescalonej (NC, non compaction) oraz zewnetrznej scalo-
nej (C, compaction) [1, 2].

CzestoS¢ wystepowania nie jest doktadnie znana; we-
dtug réznych zrédet wynosi 0,05-0,26% w populacji ogél-
nej dorostych kierowanych na badanie echokardiograficzne.
Klinicznie choroba moze dtugo przebiegaé bezobjawowo,
a pierwszymi objawami sg symptomy typowe dla niewy-
dolnosci serca badZ zaburzenia rytmu serca. Pierwszg

Folia Cardiologica 2021; 16, 2: 138-141

manifestacja moze by¢ nagly zgon sercowy. Triade typowych
objawow uzupetniajg powiktania zakrzepowo-zatorowe.
W tej grupie pacjentéw dominujg czestoskurcze komorowe
monomorficzne, a u 1/3 chorych mozna stwierdzi¢ czesto-
skurcze mono- i polimorficzny. Podstawg rozpoznania jest
echokardiografia przezklatkowa (TTE, transthoracic echo-
cardiography) oraz rezonans magnetyczny serca (CMR,
cardiac magnetic resonance).

Najbardziej uzytecznymi klinicznie kryteriami stuzgcymi
do rozpoznania niescalenia migeénia lewej komory sa kry-
teria podane przez Jenni i wsp. [3]. Do rozpoznania tej pa-
tologii serca konieczne jest stwierdzenie: dwuwarstwowej
budowy Sciany lewej komory z zewnetrzna, epikardialna,
warstwg scalong (C) i wewnetrzna, endokardialna, grub-
sz warstwa niescalona (NC); stosunku grubosci NC:C po-
nad 2 mierzonego w projekcji przymostkowej w osi krot-
kiej w fazie p6znego skurczu; naptywu krwi bezposrednio
z jamy lewej komory do zatok utworzonych miedzy belecz-
kami warstwy niescalonej. Niescalenie prawej komory moze
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Rycina 1. Stosunek warstwy endokardialnej — niescalonej
(NC, non-compacted) i epikardialnej — scalonej (C, compacted) w fa-
zie koricowoskurczowej, w projekcji przymostkowej w osi krotkiej

towarzyszy¢ niescaleniu komory lewej i nie ma osobnych,
ogolnie przyjetych kryteridw stuzacych rozpoznaniu tej pa-
tologii w prawej komorze. Obecnie nie ma swoistej terapii
dla tego schorzenia, a postepowanie nalezy kierunkowac
w zaleznosci od obrazu klinicznego. Do dyskusji pozostaje
rutynowe leczenie przeciwzakrzepowe w tej grupie chorych.

Opis przypadku

Mezczyzna w wieku 54 lat zostat przyjety na oddziat kardio-
logiczny z powodu petnej, krotkotrwatej utraty przytomnosci
w trakcie prowadzenia samochodu, w celu poszerzenia diag-
nostyki. Byta to druga utrata przytomnosci w zyciu chorego.

Na podstawie wywiadu ustalono, ze pacjent do tej pory
funkcjonowat w poczuciu zdrowia i poza tagodnymi, krot-
kotrwatymi zawrotami gtowy, wystepujacymi od okoto roku,
nie zgtaszat innych dolegliwosci. Wykluczono mozliwosé
toksycznego uszkodzenia miokardium. Wywiad rodzinny
nasuwat podejrzenie naglego zgonu sercowego u ojca, kto-
ry zmart w mtodym wieku. W badaniu przedmiotowym nie
stwierdzono jawnych cech niewydolnosci serca.

W zapisie elektrokardiograficznym (EKG) stwierdzono
rytm zatokowy z czestoscia zespotow QRS okoto 60/min,
prawidtowg oS serca (normogram), ujemne zatamki T w od-
prowadzeniach Il, Ill, aVF, V5 i V6. Uwage zwracata rowniez
staba progresja zatamka R w odprowadzeniach V1-V4.
Zapis w trakcie hospitalizacji byt stabilny. Na zdjeciu radio-
logicznym (RTG) klatki piersiowej nie stwierdzono istotnych
nieprawidtowosci. W badaniach laboratoryjnych zanotowa-
no niezbyt wysoki wzrost stezenia N-koncowego fragmentu
propeptydu natriuretycznego typu B (NT-proBNP, N-terminal
pro-B-type natriuretic peptide) — do 867,60 pg/ml (nor-
ma [N]: 0-125). Stwierdzono réwniez prawidtowe wartos-
ci wapnia, ferrytyny, zelaza, catkowitej zdolnosci wigzania
zelaza (TIBC, total iron binding capacity) oraz kinazy kre-
atynowej. Stezenie D-dimerdéw pozostawato w zakresie

Rycina 2. Projekcja 4jamowa — wolna $ciana prawej komory ob-
jeta niescaleniem

wartosci referencyjnych: ponizej 170 ng/ml (N: 0-500).
W badaniu echokardiograficznym stwierdzono poszerze-
nie jamy lewej komory (wymiar koncoworozkurczowy lewej
komory [LVEDD, left ventricular end-diastolic diameter)
=70 mm, wymiar koncowoskurczowy lewej komory [LVESD,
left ventricular end-systolic diameter] = 63 mm) z prawid-
towag gruboscig segmentoéw podstawnych przegrody mie-
dzykomorowej i Sciany dolnej, uogoélniona hipokineze le-
wej komory z frakcjg wyrzutowg lewej komory (LVEF, left
ventricular ejection fraction) biplane 22%. W koniusz-
ku lewej komory oraz w zakresie segmentow koniuszko-
wych i Srodkowych Sciany dolnej i bocznej oraz segmentu
koniuszkowego Sciany przedniej zobrazowano wzmozone
beleczkowanie z charakterystycznym dla niescalonego
miesnia lewej komory (LVNC, left ventricular non-com-
paction) dwuwarstwowym obrazem $ciany, ztozonym
z warstwy epikardialnej — scalonej (C) i endokardialnej —
niescalonej (NC). W fazie koAcowoskurczowej, w projekcji
przymostkowej w osi krétkiej, stosunek NC:C wynosit oko-
to 3 (ryc. 1). W obrazowaniu metoda kolorowego doplerem
stwierdzono naptyw krwi ze Swiatta lewej komory do zatok
warstwy niescalonej. Opisany wyzej obraz spetniat kryteria
diagnostyczne LVNC wedtug Jenni [3]. Niescaleniem obje-
ta byta réwniez cata wolna $ciana prawej komory (ryc. 2).
Poza tagodng niedomykalnoScig mitralng i sladowg aor-
talng w TTE nie stwierdzono innych istotnych nieprawidto-
wosci. CatoS¢ obrazu klinicznego pozwolita na rozpoznanie
kardiomiopatii z niescalenia miesnia obu komér. Na pod-
stawie wykonanej koronarografii stwierdzono prawidtowy
obraz nasierdziowych tetnic wiencowych, wykluczajgc tym
samym wiencowe tto uszkodzenia miesnia sercowego. Roz-
szerzono diagnostyke o 24-godzinne monitorowanie EKG
metoda Holtera, w ktérym zarejestrowano kilkanascie epi-
zodow nieutrwalonego czestoskurczu komorowego (ryc. 3).
Uznano, z duzym prawdopodobienstwem, ze utraty przy-
tomnosci miaty charakter kardiogenny i wigzaty sie z grozng
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Rycina 3. Epizod nieutrwalonego czestoskurczu komorowego zarejestrowany w zapisie holterowskim

Rycina 4A, B. Projekcja 4-jamowa obrazowanie z uzyciem doplera tkankowego (A) oraz kontrastu echokardiograficznego (B) — skrzeplina

w koniuszku lewej komory

arytmia komorowg. W zwigzku z powyzszym pacjentowi im-
plantowano wszczepialny kardiowerter-defibrylator (ICD,
implantable cardioverter-defibrillator) w prewencji wtérnej
nagtego zgonu sercowego. Nastepnie, w krotkotrwatym
znieczuleniu ogdlnym, wykonano test ICD, potwierdzajac
prawidtowe funkcjonowanie urzadzenia. Przed wypisaniem

wykonano kontrolne badanie echokardiograficzne i stwier-
dzono obecnosé skrzepliny w koniuszku lewej komory, nie-
obecnej w poprzednich badaniach. Obecnos¢ zakrzepu
potwierdzono w obrazowaniu z zastosowaniem doplera
tkankowego, jak réwniez dzieki podaniu kontrastu ultra-
sonograficznego (ryc. 4).
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W leczeniu zastosowano bisoprolol, trandolapril, spiro-
nolakton, torasemid, heparyne niefrakcjonowang we wle-
wie ciggtym, a nastepnie antagoniste witaminy K. W kon-
trolnych badaniach echokardiograficznych obserwowano
stopniowa regresje skrzepliny. Pacjenta wypisano do domu
w dobrym stanie z zaleceniem kontynuacji leczenia w wa-
runkach ambulatoryjnych. Po 2 tygodniach od wypisania
ze szpitala, w czasie wizyty ambulatoryjnej, stwierdzono
dobry stan ogdlny chorego, brak interwencji ICD, a na pod-
stawie echokardiografii wykluczono obecnosé skrzepliny
w koniuszku lewej komory.

Podsumowanie

Powyzszy przypadek ukazuje chorego bez jawnych klinicz-
nie objawéw niewydolnosci serca, ktdre sa najczestsza
manifestacjg w grupie pacjentéw z kardiomiopatig z nie-
scalenia. Pierwszag manifestacja choroby byty krotkotrwate
utraty przytomnosci, za ktérych przyczyne uznano grozne,
komorowe zaburzenia rytmu serca. Catos$¢ obrazu klinicz-
nego nasuwata konieczno$¢ implantacji ICD w profilaktyce
wtornej nagtego zgonu sercowego. Jak duze moze by¢ ryzy-
ko powiktan zakrzepowo-zatorowych w tej grupie chorych,
uwydatnia fakt, ze sam czas hospitalizacji wystarczyt, aby

u chorego doszto do wytworzenia skrzepliny w koniuszku
lewej komory.

Brak typowych objawdéw niewydolnosSci serca nie wy-
klucza znacznego uszkodzenia miokardium. Odpowiednio
wczeSnie dokonane rozpoznanie, leczenie i obserwacja
chorych z tej grupy poprawiajg rokowanie i pozwalaja od-
powiednio wczesSnie zapobiegaé naglemu zgonowi sercowe-
mu. W przypadku pacjentéw z potwierdzonym niescaleniem
miesnia sercowego, mimo braku objawow czy dysfunkcji le-
wej komory, zaleca sie przesiewowe badania echokardio-
graficzne cztonk6w rodziny w celu wykluczenia tej patologii.
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Abstract

A 39-year-old patient with hypertension and a 28-year history of type 1 diabetes with numerous complications in the
form of microangiopathy and macroangiopathy was admitted to the Cardiology Clinic due to recurrent angina pectoris
accompanied by the intensification of ischemic electrocardiographic (ECG) changes and symptoms of heart failure. In
addition, a history of hyperlipidemia, chronic kidney disease, Graves’ disease at euthyroid stage.

On admission, the patient hemodynamically stable, arterial pressure — 129/75 mm Hg, regular heart rate, without
signs of losses in the pulmonary circulation, visible swelling of the lower limbs and trophic changes on the lower shink.
In laboratory tests, mildly impaired renal function (glomerular filtration 56 ml/min), high blood glucose values (up to
350 mg/dL), glycated hemoglobin 8.7%, hypercholesterolemia. The echocardiographic study showed a worsening of
the left ventricular systolic function compared to the previous assessment — a decrease in ejection fraction from 46 to
35%, on ECG — left anterior hemiblock, features of past and anterior wall infarction.

During hospitalization, the therapy of coronary heart disease, hypertension (ramipril, bisoprolol, spironolactone, and
furosemide), diabetes (insulin initially used at a variable flow pump, followed by intensive insulin therapy and hyperlipid-
emia was modified), obtaining satisfactory results in relation to the initial ones. Extended release nitrates were included,
and antiplatelet treatment with ticagrelor was continued. Due to elevated cholesterol, the dose of atorvastatin was
increased. In case of therapy failure, the PCSK9 inhibitor (evolucumab) and family diagnosis of hypercholesterolemia
were considered.

Despite the treatment, angina ailments increased, the ECG performed during the pain revealed ischemic lesions. By
decision of the Heart Team, the patient was qualified for accelerated surgery for myocardial revascularization.

Key words: young patient, type 1 diabetes, dyslipidemia, arterial hypertension, comorbidities
Folia Cardiologica 2021; 16, 2: 142-144

Introduction

Arterial hypertension, diabetes, coronary artery disease
and hyperlipidemia, known as diseases of affluence, are
a growing problem in medical practice. In the context of
diagnosis, treatment and prevention of complications, the
occurrence of many overlapping diseases is a particularly

difficult challenge which both the doctor and the patient
must face. Usually, the lack of a satisfactory therapeutic
effect is a consequence of failure to follow recommenda-
tions, which, especially when combined with the treatment
that does not comply with the latest guidelines and lack
of cooperation at the doctor-patient level, can lead to
disastrous health consequences even at an early age [1].
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Case report

A 39-year-old patient was admitted to the Clinic of Cardi-
ology because of recurrent angina complaints, ischemic
changes in electrocardiogram (ECG) and symptoms of
heart failure in the form of exercise-induced dyspnea [New
York Heart Association (NYHA II)]. Medical history: stable
coronary artery disease [Canadian Cardiovascular Society
(CCS 1], long-term uncontrolled arterial hypertension,
28-year history of poorly controlled type 1 diabetes treated
using the intensive insulin therapy regimen [maximum
value of glycated hemoglobin (HbA,.) 14.8%, blood glucose
values up to 350 mg/dL), with complications — microan-
giopathy (diabetic retinopathy — status post-surgery for
retinal detachment of the left eye, diabetic nephropathy, di-
abetic polyneuropathy) and macroangiopathy (2013 — right
lower leg amputation due to non-healing neuroischaemic
ulcer), past myocardial infarction (three times), numerous
percutaneous coronary interventions [2010 — anterior wall
myocardial infarction [anterior ST-elevation myocardial
infarction (STEMI) treated with percutaneous coronary
intervention (PCI) of the left anterior descending together
with drug-eluting stent (DES) implantation; October 2016
— re-angioplasty of a left anterior descending, two DES
implantation, November 2016 — anterior STEMI due to
stent thrombosis, thrombectomy and PCI of a left anterior
descending with implantation of another DES]. In addition,
combined hyperlipidemia, chronic kidney disease [stage
G3a acc. to Kidney Disease Improving Global Outcomes
(KDIGO 2012)], Graves’ disease (currently in the stage
of euthyreosis; previously treated with thiamazole). The
patient was under the care of a diabetology and cardiology
clinic. The patient was treated pharmacologically on a reg-
ular basis. It should be added that the patient’s passive
attitude during the treatment process and his negative
attitude towards therapeutic decisions raise doubts as to
the patient’s compliance with recommendations.

On admission to the hospital, the patient was hemo-
dynamically, cardiovascularly and respiratorily stable, fully
conscious and verbally responsive. Physical examination:
regular cardiac activity, no signs of pulmonary hemostasis,
swelling of the lower limbs and trophic lesions of the lower
legs. Arterial blood pressure — 129/75 mm Hg, heart rate
— 98/min. Laboratory tests: kidney failure [glomerular fil-
tration rate (GFR) 56 mL/min], HbA,, — maximum values
in the medical history, i.e. 14.8%, combined hyperlipid-
emia [total cholesterol 365 md/dL, low-density lipoprote-
ins (LDL) 259 mg/dL, triglycerides (TG) 223 mg/dL]. ECG:
sinus rhythm — 66/min., left anterior hemiblock (LAH), and
signs of the past anterior and inferior wall myocardial in-
farction. Echocardiography: deterioration of left ventricular
systolic function compared to the previous evaluation (April
2017) — ejection fraction (EF) decrease from 46% to 35%.

The therapy of ischemic heart disease, arterial hyper-
tension, hyperlipidemia, and diabetes was modified during
hospitalization, obtaining satisfactory results compared to
the initial ones. Medications used: ticagrelor 2 x 90 mg,
acetylsalicylic acid (ASA) 1 x 75 mg, ramipril 1 x 5 mg, bi-
soprolol 1 x 10 mg, ivabradine 2 x 7.5 mg, spironolactone
1 x 25 mg, atorvastatin 1 x 40 mg, furosemide 1 x 1 am-
poule (administered intravenously). Long-acting nitrates
were added, and the antiplatelet therapy with ticagrelor
was continued. In the case of the diabetes treatment, in-
sulin in a variable flow pump was initially applied, followed
by intensive insulin therapy (insulin glulisine and glargine),
gradually achieving satisfactory blood glucose values and
a decrease of HbA,, up to 8.7%. Despite the therapy with
atorvastatin, high levels of LDL-cholesterol and TG were
noted. The dose of statin was increased to 80 mg and
ezetimibe was added to the therapy. In case of failure,
proprotein convertase subtilisin/kexin 9 (PCSK9) inhibitor
(evolocumab) and diagnosis for familial hypercholesterol-
emia were considered.

In spite of pharmacotherapy, angina complaints were
recurring. Echocardiography performed during the chest
pain revealed that ischemic lesions above the anterior
wall were found to be worse (negative T wave in leads
V2-V4). By decision of the patient’s cardiologist, the
patient had been qualified for an expedited surgical
procedure of myocardial revascularization, which was
performed in the Cardiac Surgery Department of the
University Hospital.

Discussion

According to the 2019 European Society of Cardiology (ESC)
guidelines, a patient suffering from type 1 diabetes (lasting
over 20 years) with numerous complications, cardiovascu-
lar disease, hypercholesterolemia and arterial hypertension
is classified as an extreme high-risk cardiovascular patient
despite their young age. In this group, special attention is
paid to the necessity of tight blood glucose control; the
recommended HbA,; level is < 6.5% [2], the blood pressure
should be reduced to < 130 and < 80 mm Hg for systolic
and diastolic arterial blood pressure respectively [3].

In the group of extreme high cardiovascular risk, during
secondary prevention, the recommended target value for
LDL is to reduce it by 50% and reach the LDL target value
<55 mg/dL. A special group should be identified (patients
who have had a second cardiovascular event associated
with atherosclerosis within the last two years while taking
the maximum, tolerable dose of statin) — a reduction of
LDL <40 mg/dL may be considered among these patients.
In the case of a maximum dose of statin with a lack of sat-
isfactory therapeutic effect it is justified to include ezeti-
mibe, followed by PCSK9 inhibitors.
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Furthermore, in such patients, special attention is
paid to the appropriateness of prolonged dual antiplate-
let therapy to prevent cardiovascular events. It should be
remembered that the coexistence of diabetes and vascu-
lar diseases of the lower extremities increases the risk of
limb amputation by 5 times, and this risk increases with
the duration of the disease.

The ESC 2019 guidelines for the diagnosis and treat-
ment of chronic coronary syndromes indicate the benefits
of combination therapy (ASA + rivaroxaban) in patients
with chronic coronary syndromes, diabetes, and periph-
eral artery disease (PAD) [4]. In the COMPASS (Cardiova-
scular Outcomes for People Using Anticoagulation Stra-
tegies) trial, the use of such therapy was associated with
a reduction in the number of ischemic events compared
to ASA monotherapy. Particularly high reduction of cardio-
vascular risk was observed in patients with diabetes, PAD,
moderate chronic kidney disease, i.e. in those like the pa-
tient in question [5].

The procedure described above will reduce the preva-
lence rate of adverse cardiovascular events. The problem
is the lack of certainty regarding the continuity of treat-
ment in outpatient conditions, especially that the percen-
tage of patients with chronic diseases that do not comply
with medical recommendations is estimated to be as high
as 60% [1]. To achieve therapeutic success, the necessity
of applying the model of doctor-patient equivalence, whe-
re the level of adherence to medical recommendations
is increased by the patient’s active participation in the
therapeutic process, is increasingly emphasized [6]. The
necessity for doctors to follow the recommendations of

scientific societies concerning effective treatment of par-
ticular disease entities is not without significance either.
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Mtody pacjent obcigzony wieloma chorobami
| bardzo wysokim ryzykiem sercowo-naczyniowym
— wyzwanie terapeutyczne nie tylko dla lekarza

Klaudia Mickiewicz', Mateusz Puchalski®, Emilia Sawicka®, Anna Lisowska®

'Studenckie Koto Naukowe przy Klinice Kardiologii Uniwersyteckiego Szpitala Klinicznego w Biatymstoku
*Klinika Kardiologii Uniwersyteckiego Szpitala Klinicznego w Biatymstoku

Artykut jest ttumaczeniem pracy: Mickiewicz K, et al. A young patient burdened with many diseases with
a very high cardiovascular risk; a therapeutic challenge not only for the doctor. Folia Cardiol. 2021; 16(1): 142-144.
DOI: 10.5603/FC.2021.0006. Nalezy cytowac wersje pierwotng

Streszczenie

Pacjent w wieku 39 lat z nadciSnieniem tetniczym oraz 28-letnim wywiadem Zle kontrolowanej cukrzycy typu 4, z licznymi
powiktaniami pod postacig mikro- i makroangiopatii zostat przyjety do kliniki kardiologii z powodu nawracajgcych od
okoto tygodnia dolegliwosci dfawicowych z towarzyszacym nasileniem zmian niedokrwiennych w elektrokardiogramie
(EKG) nad Sciang przednia oraz objawéw niewydolnosci serca pod postacia dusznosci wysitkowej. Ponadto w wywiadzie
stwierdzono hiperlipidemie, przewlektg chorobe nerek i chorobe Gravesa-Basedowa w stadium eutyreozy.

Przy przyjeciu chory byt stabilny hemodynamicznie, ciSnienie tetnicze wynosito 129/75 mm Hg, czynno$¢é serca pozo-
stawata miarowa, bez cech zastoju w krazeniu ptucnym, byty obecne obrzeki koriczyn dolnych oraz zmiany troficzne na
lewym podudziu. W badaniach laboratoryjnych wykazano tagodnie upoSledzona funkcje nerek (filtracja ktebuszkowa
56 ml/min), wysokie wartosci glikemii (do 350 mg/dl), odsetek hemoglobiny glikowanej 8,7% i hipercholesterolemie.
W badaniu echokardiograficznym ujawniono pogorszenie funkcji skurczowej lewej komory (spadek frakcji wyrzutowej
z 46% do 35%), a w EKG blok przedniej wiazki lewej odnogi peczka Hisa oraz cechy przebytego zawatu Sciany dolnej
i przedniej.

W trakcie hospitalizacji zmodyfikowano terapie choroby niedokrwiennej serca, nadcisnienia tetniczego (ramipril, biso-
prolol, spironolakton, furosemid) i cukrzycy (insulina w pompie o0 zmiennym przeptywie, nastepnie intensywna insulino-
terapia oraz hiperlipidemii), uzyskujac wyniki satysfakcjonujgce w stosunku do wyjsciowych. Dotaczono nitraty o prze-
dtuzonym uwalnianiu i kontynuowano leczenie przeciwptytkowe tikagrelorem. Ze wzgledu na utrzymujace sie wysokie
stezenie cholesterolu zwiekszono dawke atrowastatyny oraz dotaczono do terapii ezetimib, biorac réwniez pod uwage
podanie inhibitora PCSK9 (ewolukumabu) oraz diagnostyke w kierunku hipercholesterolemii rodzinnej w przypadku
niepowodzenia terapii.

Mimo leczenia dolegliwosci dtawicowe nawracaty, a w wykonanym w czasie wystepowania bolu zapisie EKG stwierdzono
nasilenie zmian niedokrwiennych. Decyzjg kardiogrupy pacjenta zakwalifikowano do przyspieszonego zabiegu chirur-
gicznej rewaskularyzacji miesnia sercowego.
Stowa kluczowe: mtody pacjent, cukrzyca typu 1, dyslipidemia, nadcisnienie tetnicze, choroby wspétistniejgce
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NadciSnienie tetnicze, cukrzyca, choroba wieAcowa oraz
hiperlipidemia — nazywane chorobami cywilizacyjnymi
— stanowig narastajgcy problem w praktyce lekarskie;j.
Szczegblnie trudnym wyzwaniem w kontekscie diagnostyki,
leczenia i zapobiegania powiktaniom okazuje sie wystepo-
wanie wielu, naktadajgcych sie na siebie schorzen, ktéremu
musi stawi¢ czoto zaréwno lekarz, jak i pacjent. Czesto brak
zadowalajgcego efektu postepowania terapeutycznego jest
konsekwencja nieprzestrzegania zalecen, co szczegblnie
W potgczeniu z niezgodnym z najnowszymi wytycznymi lecze-
niem i brakiem wspotpracy miedzy pacjentem a lekarzem
juz w mtodym wieku prowadzi¢ moze do katastrofalnych
nastepstw zdrowotnych u chorego [1].

Opis przypadku

Pacjent w wieku 39 lat zostat przyjety do kliniki kardio-
logii z powodu nawracajacych dolegliwosci dtawicowych,
zmian niedokrwiennych w elektrokardiogramie (EKG) oraz
objawow niewydolno$ci serca pod postacig dusznosci wy-
sitkowe;j (Il klasa wg New York Heart Association [NYHA]).
W wywiadzie stwierdzono stabilng chorobe wiencowg
(Il klasa wg Canadian Cardiovascular Society [CCS]) wie-
loletnie, niekontrolowane nadciSnienie tetnicze, 28-letni
wywiad Zle kontrolowanej cukrzycy typu 1 leczonej wedtug
schematu intensywnej insulinoterapii (maksymalna warto$é
hemoglobiny glikowanej [HbA, ]: 14.8%, wartosci glikemii
do 350 mg/dl), z powiktaniami w postaci mikroangiopatii
(retinopatia cukrzycowa — stan po operacji odwarstwienia
siatkéwki lewego oka, nefropatia cukrzycowa, polineuro-
patia cukrzycowa) i makroangiopatii (w 2013 r. amputacja
prawego podudzia z powodu niegojacego sie owrzodzenia
neuroniedokrwiennego), po 3-krotnym zawale serca, licz-
nych przezskérnych interwencjach wiencowych (w 2010 r.
zawat serca z uniesieniem odcinka ST [STEMI, ST-elevation
myocardial infarction] Sciany przedniej leczony przezskor-
na interwencjg wiencowa [PCI, percutaneous coronary
intervention] gatezi przedniej zstepujacej z implantacjg
stentu uwalniajgcego lek [DES, drug-eluting stent], w paz-
dzierniku 2016 r. ponowna angioplastyka gatezi przedniej
zstepujacej, implantacja 2 DES, w listopadzie 2016 r. STEMI
Sciany przedniej w wyniku zakrzepicy w stentach, trombek-
tomia i PCl gatezi przedniej zstepujgcej z implantacja kolej-
nego DES). Ponadto w wywiadzie wykazano hiperlipidemie
mieszang, przewlektg chorobe nerek (stadium G3a wg Kid-
ney Disease Improving Global Outcomes [KDIGO]w 2012 r.)
oraz chorobe Gravesa-Basedowa (obecnie w stadium euty-
reozy, wczesniej leczonej tiamazolem). Pacjent pozostawat
pod opieka poradni diabetologicznej i kardiologiczne;j.
Regularnie byt leczony farmakologicznie. Nalezy dodac,
ze bierna postawa pacjenta w trakcie procesu leczniczego

oraz jego negatywny stosunek do podejmowanych decyzji
terapeutycznych budzity watpliwosé co do stosowania sie
przez niego do zalecen.

Przy przyjeciu pacjent byt stabilny hemodynamicznie
i wydolny krgzeniowo-oddechowo, w petnym kontakcie lo-
giczno-stownym. W badaniu przedmiotowym zaobserwowa-
no miarowg czynno$é serca, bez cech zastoju w krgzeniu
ptucnym, obrzeki koAczyn dolnych oraz zmiany troficzne
podudzi. Cisnienie tetnicze wynosito 129/75 mm Hg, a tet-
no 98/min. W badaniach laboratoryjnych stwierdzono upo-
Sledzona funkcje nerek (wspétczynnik filtracji kiebuszkowej
[GFR, glomerular filtration rate] 56 ml/min), maksymalne
wartosci HbA,, w wywiadzie 14,8%, hiperlipidemie miesza-
ng (stezenie cholesterolu catkowitego 365 mg/dl, frakcji
lipoprotein o niskiej gestosci [LDL, low-density lipoprotein]
259 mg/dl, triglicerydow [TG, triglycerides] 223 mg/dl).
W zapisie EKG ujawniono rytm zatokowy wynoszacy 66/min,
blok przedniej wigzki lewej odnogi peczka Hisa (LAH, left
anterior hemiblock) oraz cechy przebytego zawatu Scian dol-
nej i przedniej. W badaniu echokardiograficznym wykazano
pogorszenie funkcji skurczowej lewej komory w poréwnaniu
z poprzednig oceng (w kwietniu 2017 r.) — obnizenie frakcji
wyrzutowej (EF, ejection fraction) z 46% do 35%.

W trakcie hospitalizacji zmodyfikowano terapie choro-
by niedokrwiennej serca, nadciSnienia tetniczego, hiperli-
pidemii oraz cukrzycy, uzyskujgc satysfakcjonujgce rezul-
taty w stosunku do wartosci wyjSciowych. Zastosowano: ti-
kagrelor w dawce 2 razy 90 mg, kwas acetylosalicylowym
(ASA, acetylisalicylic acid) w dawce 75 mg, ramipril w daw-
ce 5 mg, bisoprolol w dawce 10 mg, iwabradyne w dawce
2 razy 7,5 mg, spironolakton w dawce 25 mg, atorwasta-
tyne w dawce 40 mg, furosemid w dawce jedna amputka
dozylnie (i.v., intravenous). Dotgczono nitraty o przedtuzo-
nym uwalnianiu i kontynuowano leczenie przeciwptytkowe
tikaglerorem. W leczeniu cukrzycy poczatkowo stosowano
insuline w pompie 0 zmiennym przeptywie, nastepnie inten-
sywng insulinoterapie (insuliny glulizynowa i glarginowa),
stopniowo uzyskujac zadowalajgce wartosci glikemii oraz
obnizenie HbA,, do 8,7%. Uwage zwracaty wysokie stezenia
cholesterolu frakcji LDL oraz TG mimo stosowanego lecze-
nia atorwastatyng. Dawke statyny zwiekszono do 80 mg
oraz dotgczono ezetimib. W przypadku niepowodzenia
rozwazano podanie inhibitora konwertazy proproteinowej
subtilizyny/kexiny 9 ([PCSK9, proprotein convertase subti-
lisin/kexin 9] ewolukumab) oraz diagnostyke w kierunku
hipercholesterolemii rodzinnej.

Mimo farmakoterapii dolegliwosci dtawicowe nawraca-
ty. W wykonanym w czasie wystepowania bolu zapisie EKG
stwierdzono nasilenie zmian niedokrwiennych nad Sciang
przednig (ujemne zatamki T w odprowadzeniach V2-V4).
Decyzjg kardiogrupy pacjenta zakwalifikowano do przyspie-
szonego zabiegu chirurgicznej rewaskularyzacji miesnia
sercowego, ktorg przeprowadzono w klinice kardiochirurgii.
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Dyskusja

Zgodnie z wytycznymi European Society of Cardiology (ESC)
z 2019 roku chory na cukrzyce typu 1 trwajaca dtuzej niz
20 lat z licznymi powiktaniami, chorobg uktadu sercowo-
-naczyniowego, hipercholesterolemia i nadciSnieniem
tetniczym, mimo mtodego wieku, jest klasyfikowany jako
obcigzony bardzo wysokim ryzykiem sercowo-naczyniowym.
W tej grupie szczegdlng uwage zwraca sie na koniecznosé
Scistej kontroli glikemii, zaleca sie, aby warto§¢ HbA,,
miescita sie ponizej 6,5% [2], a ciSnienie tetnicze powinno
sie obniza¢ do ponizej 130 mm Hg i mnigj niz 80 mm Hg
odpowiednio dla ciSnienia skurczowego i rozkurczowego [3].

W grupie bardzo wysokiego ryzyka sercowo-naczynio-
wego, W prewencji wtornej, zaleca sie obnizenie warto$ci
cholesterolu frakcji LDL 0 50% i osiggniecie jego docelo-
wego stezenia nieprzekraczajgcego 5,5 mg/dl. Nalezy wy-
odrebnié specyficzna grupe (pacjenci, u ktérych w ciggu
ostatnich 2 lat wystapito drugie zdarzenie sercowo-naczy-
niowe zwigzane z miazdzyca w trakcie przyjmowania mak-
symalnej, tolerowanej dawki statyny), w ktérej mozna roz-
wazyé obnizanie wartosci cholesterolu frakcji LDL ponizej
40 mg/dl. W przypadku braku satysfakcjonujgcego efek-
tu terapeutycznego mimo stosowania maksymalnej dawki
statyny uzasadnione jest wtgczenie ezetimibu, a nastepnie
inhibitora PCSKO.

Ponadto u takich pacjentéw zwraca sie szczegdlng uwa-
ge na zasadno$¢ przedtuzonej, podwajnej terapii przeciw-
ptytkowej w celu prewencji zdarzen sercowo-naczyniowych.
Trzeba pamietac, ze wspotistnienie chordb naczyn konczyn
dolnych i cukrzycy 5-krotnie zwieksza ryzyko amputacji kon-
czyny, a ryzyko to zwieksza sie z czasem trwania choroby.

W wytycznych ESC z 2019 roku, dotyczacych rozpozna-
wania i leczenia przewlektych zespotow wiencowych, wska-
zuje sie na korzysci z zastosowania terapii tgczonej ASA
z riwaroksabanem u pacjentéw z przewlektymi zespotami
wiencowymi, cukrzyca oraz choroba tetnic obwodowych
(PAD, peripheral artery disease) [4]. W badaniu COMPASS
(Cardiovascular Outcomes for People Using Anticoagula-
tion Strategies) zastosowanie takiej terapii wigzato sie ze
zmniejszeniem liczby epizodéw niedokrwiennych w poréw-
naniu ze stosowaniem monoterapii ASA. Szczegblnie wyso-
ka redukcje ryzyka sercowo-naczyniowego obserwowano

u pacjentéw z cukrzyca, PAD i umiarkowana przewlektg
chorobg nerek, czyli takich, jak opisywany [5].

Opisane wyzej postepowanie umozliwia ograniczenie
czestosci wystepowania niekorzystnych zdarzen sercowo-
-naczyniowych. Problemem jest brak pewnosci odno$nie
do zachowania ciagtosci leczenia w warunkach ambu-
latoryjnych, szczegblnie ze odsetek pacjentéw z choro-
bami przewlektymi niestosujacych sie do zalecen lekar-
skich szacuje sie na az 60% [1]. Coraz czeSciej, w celu
osiggniecia sukcesu terapeutycznego, podkresla sie ko-
nieczno$é stosowania modelu réwnorzednosci lekarza
i pacjenta, ktéry — dzieki aktywnemu udziatowi w proce-
sie terapeutycznym — zwieksza poziom stosowania sie
do zalecen lekarskich [6]. Nie bez znaczenia pozostaje
rowniez konieczno$é przestrzegania przez lekarzy zalecen
towarzystw naukowych dotyczacych skutecznego leczenia
poszczegblnych jednostek chorobowych.
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Abstract

The article presents the case of a 59-year-old patient hospitalized due to myocardial infarction with ST-segment eleva-
tion, who developed a thrombus in the apex of the left ventricle in the early post-infarction period.

Key words: myocardial infarction, left ventricular thrombus, vitamin K antagonists

Introduction

The presence of thrombus in the left ventricle of the heart
is one of the complications of acute coronary syndrome,
associated with an increased risk of ischaemic stroke or
systemic embolism [1]. The incidence of thrombus in car-
diac cavities as a complication of myocardial infarction is
not high, and it is estimated that it occurs in less than 1%
patients [2[. Factors which significantly increase the risk
of thrombus formation include: myocardial infarction of
the anterior wall, left ventricular ejection fraction < 35%,
dyskinesia of the apex or left ventricular aneurysm [3]. Tre-
atment of patients with left ventricular thrombus consists in
administering a vitamin K antagonist (VKA) for 3-6 months
[4]. We present a clinical case report of a 59-year-old man
hospitalized due to myocardial infarction complicated by
a thrombus in the left ventricular apex.

Case study

A 59-year-old man was admitted to the cardiac intensive
care unit due to acute coronary syndrome with ST-segment
elevation (STEMI, ST-elevation myocardial infarction).

Folia Cardiologica 2021; 16, 2: 148-150

Electrocardiography performed on admission revealed
ST-segment elevation in the form of Pardee’s wave in leads
V1-V6 (Figure 1). Laboratory tests revealed hypoglycaemia
218 mg/dL (reference value 65-100 mg/dL), elevated
concentration of myocardial necrosis markers: creatine
kinase-myocardial bound (CK-MB) — 54 U/L (reference
value 0-39 U/L), creatine phosphokinase (CPK) — 706 U/L
(reference value 60-390 U/L) and troponin T—453,1 ng/L
(reference value 0.0-14.1 ng/L). The patient had a histo-
ry of cardiovascular risk factors: long-term nicotine use
(30 pack-years), type 2 diabetes and hypercholesterolemia
[high-density lipoproteins (HDL) — 31 mg/dL, low-density li-
poproteins (LDL) — 118 mg/dL, triglycerides — 119 mg/dL).
The patient had not been receiving chronic treatment for
his cardiovascular conditions and was managing diabetes
with diet.

Transthoracic echocardiograph performed on admis-
sion revealed akinesis of the apex and the central and
apical segments of the adjacent walls. Left ventricular
ejection fraction was at 25%. Coronary angiography reve-
aled a critical 90% stenosis in the proximal segment of the
anterior descending branch of the left coronary artery. At
the same time, percutaneous coronary intervention (PCl)
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Figure 1. Electrocardiogram — sinus rhythm, regular, frequency of 88/min, normogram, ST-segment elevation in leads V1-V6

Figure 2A, B. Transthoracic echocardiography: thrombus in the left ventricular apex in four-chamber apical view and three-chamber apical view

with drug-eluting stent (DES) implantation was performed
without complications.

The evolution of the myocardial infarction was observed
in follow-up (ECG) conducted during the hospitalization. It
revealed a thrombus in the lumen of the left ventricular
apex (Figure 2), left ventricular ejection fraction was at
34%. The patient was discharged from the hospital 7 days
after the infarction with the following recommendations
regarding further treatment: acetylsalicylic acid 75 mg,
clopidogrel 75 mg, warfarin 5 mg [controlling the interna-
tional normalized ratio (INR), which should be at 2-2.5],
bisoprolol 5 mg, ramipril 5 mg, atorvasterol 80 mg, eplere-
none 50 mg, metformin 1,000 mg and empagliflozin 10 mg.
The patient was instructed to report to follow-up echocar-
diography after 3 months.

www.journals.viamedica.pl/folia_cardiologica

Discussion

VKAs have been used to prevent and treat thromboembolic
complications for over 50 years. Currently, they are increa-
singly often replaced with novel non-vitamin K antagonist
anticoagulants (NOAC). NOACs are at least as effective
VKAs and show a higher safety profile. NOACs are preferred
for the treatment of patients with such diseases as atrial
fibrillation and venous thromboembolism [5, 6]. However,
VKA treatment remains the first-line therapy in patients
with mechanical heart valves, atrial fibrillation with mode-
rate or severe mitral stenosis as well as patients with left
ventricular thrombus [4, 7].

Left ventricular thrombus formation may be a complica-
tion of myocardial infarctions, particularly those involving

149



Folia Cardiologica 2021, vol. 16, no. 2

the anterior wall, the apex and apical segments [8]. Other
factors favouring the thrombus formation include left ven-
tricular ejection fraction < 35% and apical dyskinesis or
left ventricular aneurysm [3]. Due to the fact that throm-
bus may form after approximately 24 hours from the oc-
currence of acute coronary syndrome, it is important to
perform follow-up echocardiography in days following the
infarction. Two-dimensional transthoracic echocardiogra-
phy is highly specific (85-95%) and sensitive (95%) in the
detection of left ventricular thrombi. Thrombi present as
separate masses with well-defined margins that are distin-
ct from the endocardium. It can be visualized during both
systole and diastole. According to studies, 90% of throm-
bi form within 2 weeks after infarction. In some patients,
thrombi formation is observed after discharge from hospi-
tal as a result of deteriorating systolic function of the left
ventricle [8]. Presence of thrombus in the left ventricle is
associated with an increased risk of systemic embolism,
for example ischaemic brain stroke. With anticoagulation
treatment, the incidence of thromboembolic events can be
significantly reduced [8].

In the patient in question, thrombus was found on the
third day following the infarction. The electrocardiographic
image revealed infarction of the anterior and lateral wall,
which is associated with poor prognosis due to a higher
incidence of thrombus formation in the left ventricle [9].
Due to the fact that VKA therapy is the first-line treatment
in such cases, anticoagulant therapy with warfarin was im-
plemented. Clinical experience with the use of NOACs in pa-
tients with post-infarction thrombus in the left ventricle is
limited, although recently published data shed new light on
the use of NOAC in this group of patients. An observational
study involving 2,328 patients after myocardial infarction
undergoing percutaneous coronary revascularization sho-
wed that thrombus in the left ventricle was observed in
101 patients. VKAs were given to 59.5% of them, while
40.6% received NOACs. Thrombus involution was faster in
patients who received NOACs. In addition, the process was
observed in a greater percentage of patients than in the
group of individuals treated with VKAs. In addition, fewer
bleeding complications were observed in patients treated
with NOACs [10]. Further studies confirming the effective-
ness and safety of NAOC therapy in patients with left ven-
tricular apical thrombus are needed.

Summary

The treatment applied in the presented case consisted
in a combination of two antiplatelet drugs and a vitamin
K antagonist. There is numerous scientific evidence
proving that combining antiplatelet drugs with NOACs in

atrial fibrillation patients and patients after myocardial
infarction/coronary revascularization is safe and effective.
There are also reports indicating that such a combination
can be used in patients in whom anticoagulant treatment
should be introduced due to a left ventricular thrombus. It
seems that this will be an increasingly common solution.
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Streszczenie

Przedstawiono opis 59-letniego pacjenta hospitalizowanego z powodu zawatu serca z uniesieniem odcinka ST, u ktérego
we wczeshym okresie pozawatowym stwierdzono skrzepling w koniuszku lewej komory.

Stowa kluczowe: zawat serca, skrzeplina lewej komory, antagonisci witaminy K

Wstep

Obecnosé skrzepliny w lewej komorze serca jest jednym
z powiktan ostrego zespotu wiencowego, co wigze sie ze
zwiekszonym ryzykiem wystgpienia udaru niedokrwiennego
lub zatoru uktadowego [1]. CzestoS¢ wystepowania skrzep-
lin w jamach serca jako powiktania zawatu nie jest wysoka
i szacuje sie, ze jest nizsza od 1% [2]. Czynnikami istotnie
zwiekszajgcymi ryzyko uformowania sie skrzepliny sg zawat
serca Sciany przedniej, frakcja wyrzutowa lewej komory po-
nizej 35%, dyskineza koniuszka lub wystepowanie tetniaka
w obrebie lewej komory [3]. Leczenie chorych ze skrzepling
w jamie lewej komory polega na podawaniu antagonisty
witaminy K (VKA, vitamin K antagonist) przez 3-6 miesiecy
[4]. Przedstawiono opis przypadku klinicznego 59-letniego
mezczyzny hospitalizowanego z powodu zawatu serca powi-
ktanego skrzepling w koniuszku lewej komory.

Opis przypadku

Mezczyzna w wieku 59 lat zostat przyjety na oddziat inten-
sywnej opieki kardiologicznej z powodu ostrego zespotu

Folia Cardiologica 2021; 16, 2: 151-154

wiencowego z uniesieniem odcinka ST (STEMI, ST-elevation
myocardial infarction). Przy przyjeciu wykonano badanie
elektrokardiograficzne (EKG), w ktorym zarejestrowano
uniesienie odcinkdéw ST w postaci fali Pardeego w odpro-
wadzeniach V1-V6 (ryc. 1). W badaniach laboratoryjnych
wykazano hiperglikemie wynoszacag 218 mg/dl (zakres
referencyjny 65-100 mg/dl) oraz podwyzszone stezenia
markeréw martwicy mieSnia sercowego: frakcji sercowej
kinazy kreatynowej (CK-MB, creatine kinase-myocardial
bound)—54j./I (zakres referencyjny 0-39]./1), kinazy fosfo-
kreatynowej (CPK, creatine phosphokinase) — 706 j./1 (za-
kres referencyjny 60-390j./1) oraz troponiny T—453,1 ng/I
(zakres referencyjny 0,0-14,1 ng/l). U chorego wystepowaty
czynniki ryzyka sercowo-naczyniowego: wieloletni nikotynizm
w wywiadzie (30 paczkolat), cukrzyca typu 2, hipercholeste-
rolemia (cholesterol frakcji HDL [high-density lipoproteins]
— 31 mg/dl, cholesterol frakcji LDL [low-density lipoproteins]
— 118 mg/dl, triglicerydy — 119 mg/dl). Pacjent dotych-
czas nie byt leczony przewlekle z powodu schorzen uktadu
sercowo-naczyniowego, cukrzyce leczyt dieta.

Przy przyjeciu do szpitala w przezklatkowym badaniu
echokardiograficznym uwidoczniono akineze koniuszka
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Rycina 2A, B. Przezklatkowe badanie echokardiograficzne — skrzeplina w koniuszku lewej komory w projekcji koniuszkowej czterojamowej
oraz w projekcji koniuszkowej trojjamowe;j

oraz Srodkowych i koniuszkowych segmentow przylega-
jacych Scian. Frakcja wyrzutowa lewej komory wynosita
25%. W koronarografii stwierdzono krytyczne, wynosza-
ce 90%, zwezenie w proksymalnym odcinku gatezi przed-
niej zstepujacej lewej tetnicy wieficowej. Jednoczasowo
wykonano przezskorng interwencje wiencowa (PCI, per-
cutaneous coronary intervention) z implantacjg stentu
uwalniajacego lek (DES, drug-eluting stent); zabieg prze-
biegt bez powiktan.

W badaniach kontrolnych podczas hospitalizacji (EKG)
obserwowano ewolucje zawatu serca. W badaniu echokar-
diograficznym w Swietle koniuszka lewej komory stwierdzo-
no skrzepline (ryc. 2), frakcja wyrzutowa lewej komory wy-
nosita 34%. Chorego wypisano w 7. dobie po zawale serca
z zaleceniem stosowania nastepujgcego leczenia: kwas

acetylosalicylowy w dawce 75 mg, klopidogrel w dawce
75 mg, warfaryna w dawce 5 mg (pod kontrolg miedzy-
narodowego wspoétczynnika znormalizowanego [INR, in-
ternational normalized ratio], tak by INR wynosit 2-2,5),
bisoprolol w dawce 5 mg, ramipril w dawce 5 mg, atorwa-
statyna w dawce 80 mg, eplerenon w dawce 50 mg, met-
formina w dawce 1000 mg oraz empagliflozyna w dawce
10 mg. Zalecono choremu kontrole echokardiograficzng
za 3 miesigce.

Dyskusja
Leki z grupy VKA stosuje sie w zapobieganiu oraz lecze-

niu powiktan zakrzepowo-zatorowych od ponad 50 lat.
Obecnie coraz czeSciej zastepuje sie je nowymi lekami
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przeciwkrzepliwymi niebedacymi antagonistami witaminy K
(NOAC, non-vitamin K antagonist anticoagulants). LeKi
z grupy NOAC sg co najmniej tak samo skuteczne jak VKA,
ale cechuje je wyzszy profil bezpieczenstwa. W takich scho-
rzeniach, jak migotanie przedsionkéw czy zylna choroba
zakrzepowo-zatorowa, preferowane jest uzywanie NOAC
[5, 6]. Jednakze terapia VKA wcigz jest leczeniem pierw-
szego rzutu u pacjentéw z wszczepionymi mechanicznymi
zastawkami serca, migotaniem przedsionk6éw z umiarkowa-
ng lub ciezkg stenozg mitralng oraz u chorych ze skrzepling
w lewej komorze [4, 7].

Formowanie sie skrzepliny w lewej komorze moze by¢
powiktaniem zawatu serca, w szczegdlnosci obejmujgcego
Sciane przednia, koniuszek oraz segmenty koniuszkowe
[8]. Innymi czynnikami sprzyjajacymi tworzeniu skrzepli-
ny sg frakcja wyrzutowa lewej komory ponizej 35% oraz
dyskineza koniuszka lub wystepowanie tetniaka lewej ko-
mory [3]. Skrzeplina moze powstaé¢ po okoto 24 h od wy-
stgpienia ostrego zespotu wiencowego, dlatego wazne jest
wykonywanie kontrolnego badania echokardiograficznego
w kolejnych dobach zawatu. Dwuwymiarowa echokardio-
grafia przezklatkowa cechuje sie wysoka specyficznoscia
(85-90%) oraz czutoScig (95%) w wykrywaniu skrzeplin
w lewej komorze serca. Skrzeplina uwidacznia sie jako
oddzielna masa z wyraZznie zaznaczonymi brzegami, kt6-
re roznia ja od wsierdzia. Mozna ja zobrazowac zaréwno
w czasie skurczu, jak i rozkurczu. Jak wskazujg badania,
90% skrzeplin powstaje w okresie do 2 tygodni od zawatu.
U czeSci pacjentow obserwuje sie formowanie skrzepliny
po wypisaniu ze szpitala w wyniku pogarszajgcej sie funkcji
skurczowej lewej komory [8]. Obecnosé skrzepliny w lewej
komorze wigze sie ze zwigkszonym ryzykiem wystapienia
zatorowosci uktadowej, na przyktad udaru niedokrwiennego
mézgu. Dzieki zastosowaniu leczenia przeciwkrzepliwego
czestosé wystepowania incydentow zakrzepowo-zatorowych
zostaje istotnie ograniczona [8].

U omawianego pacjenta skrzepline w lewej komorze
stwierdzono w 3. dobie zawatu serca. Obraz elektrokar-
diograficzny wskazywat na zawat Scian przedniej i bocz-
nej, co wigze sie z niekorzystnym rokowaniem ze wzgledu
na wiekszg czestos¢ formowania skrzeplin w lewej komo-
rze [9]. U chorego wdrozono leczenie przeciwkrzepliwe
warfaryna, gdyz w takich przypadkach terapia VKA jest
leczeniem z wyboru. DoSwiadczenie kliniczne ze stoso-
waniem NOAC u pacjentéw z pozawatowg skrzepling w le-
wej komorze jest ograniczone, choé publikowane ostat-
nio dane rzucajg nowe Swiatto na stosowanie NOAC w tej
grupie chorych. W obserwacyjnym badaniu obejmujgcym
2328 chorych po zawale serca poddawanych przezskornej
rewaskularyzacji wiencowej skrzepline w koniuszku lewej
komory wykazano u 101 chorych; 59,5% z nich otrzymato
VKA, a 40,6% — NOAC. U chorych leczonych NOAC wyka-
zano szybszg inwolucje skrzepliny, a takze obserwowano

ten proces u wyzszego odsetka chorych niz w grupie cho-
rych leczonych VKA. Ponadto u chorych leczonych NOAC
obserwowano mniej powiktan krwotocznych [10]. Koniecz-
ne sa dalsze badania potwierdzajgce skutecznosci bez-
pieczenstwo NOAC u chorych ze skrzepling w koniuszku
lewej komory.

Podsumowanie

U opisywanego pacjenta zastosowano leczenie skojarzo-
ne dwoma lekami przeciwptytkowymi oraz VKA. Liczne
dowody naukowe przemawiajg za bezpieczenstwem
i skutecznoScig skojarzenia lekéw przeciwptytkowych
z NOAC u chorych z migotaniem przedsionkéw i po zawale
serca/rewaskularyzacji wiencowej. Znane sg rowniez do-
niesienia wskazujace na mozliwosé stosowania takiego
potgczenia u chorych, u ktoérych wskazaniem do leczenia
przeciwkrzepliwego jest skrzeplina w lewej komorze. Wy-
daje sie, ze bedzie to coraz powszechniej wykorzystywane
rozwigzanie.
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