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2. Wstep

Definicje niewydolnosci serca (NS) w ostatnich kilku dekadach ulegaly czesto
modyfikacjom. W aktualnych wytycznych Europejskiego Towarzystwa Kardiologicznego (ESC)
eksperci definiujg NS jako zespot kliniczny, w ktorym u chorego wystepuja typowe objawy
podmiotowe [1]. Czestos¢ wystepowania NS w krajach rozwinigtych to 1-2%, zapadalnos¢
natomiast wynosi 5-10 na 1000 [2] i zwicksza si¢ w zwigzku ze starzeniem si¢ spoteczenstwa i
poprawg przezycia pacjentow z chorobami do niej predysponujgcymi takimi jak nadci$nienie
tetnicze, choroba niedokrwienna serca czy cukrzyca. Ponadto, mimo istotnej poprawy leczenia,
umieralno$¢ pacjentow z NS ulegta w ostatnich latach niewielkiemu zmniejszeniu, a rokowanie
dalej pozostaje niekorzystne [3]. Szacuje si¢, ze w przysztosci koszty leczenia NS znacznie
wzrosng i beda stanowic¢ znaczne obcigzenie dla systemoéw zdrowotnych [4].

Podstawowym leczeniem przewlektej niewydolnos$ci serca jest farmakoterapia. Wedlug
wytycznych ESC do gtownych grup lekéw, ktérych bezpieczenstwo i skuteczno$¢ zostato
potwierdzone w licznych randomizowanych badaniach, naleza inhibitory konwertazy
angiotensyny, antagonisci receptora angiotensyny, beta-blokery i antagoni$ci aldosteronu.
Korzystne efekty leczenia wykazano takze dla inhibitorow neprilizyny, co znalazto
odzwierciedlenie w wytycznych, jednak aktualnie koszt takiej terapii powoduje znaczne
ograniczenie jej dostepnosci [1]. Nie mozna takze zapomnie¢ o potencjalnych dziataniach
niepozadanych lekow, w tym hipotensji, stad konieczne jest rozpoczynanie leczenia od matych
dawek i powolna jego eskalacja.

Z metod niefarmakologicznych klase zalecen 1 A posiadaja jedynie dwie metody:
wielodyscyplinarna opieka nad pacjentami i trening wysitkowy [1]. Inne interwencje
niefarmakologiczne, jak ograniczenie spozycia sodu, sa dyskusyjne [5]. Dotychczasowe dane
sklaniajg do ciggltego poszukiwania nowych metod leczenia NS, charakteryzujacych si¢ niska

ucigzliwoscig dla pacjentow [6]. Istotne znaczenie moga mie¢ zwlaszcza nowe metody



niefarmakologiczne, a wsrod nich terapie opierajace si¢ na wykorzystaniu treningu wolnego
oddychania oraz denerwacji tetnic nerkowych.

Zaburzenia oddychania, poczawszy od ptytkiego oddechu az po oddech Cheyne'a-
Stokesa czgsto wystepuja w przebiegu zaawansowanej NS i wigzg si¢ z gorszym rokowaniem
[7]. Zaburzenia oddychania w czasie snu, gtownie pod postacig centralnych bezdechow,
wystepuja nawet u 76% pacjentow z NS [8] i ich nasilenie wydaje si¢ korelowac z jej cigzkosScig
[9]. Wolne oddychanie moze mie¢ korzystny wptyw na prace uktadu sercowo-naczyniowego.
Wykazano, ze zmniejszona czesto$¢ oddechdw (okoto 6 oddechow na minute) w niewydolnosci
serca: zwigksza spoczynkowg saturacje krwi, poprawia wymian¢ gazowa w ptucach, zwicksza
tolerancj¢ wysitku, redukuje uczucie duszno$ci, a takze zmniejsza nadmierng aktywacje
sympatyczng i zwigksza wrazliwo$¢ baroreceptorow [10,11].

Utrzymanie pozadanej czestosci oddechow moze jednak by¢ dla pacjenta trudne. Aby to
utatwi¢ zaprojektowane zostato urzadzenie RESPeRATE, ktore poprzez sygnaly wizualne i
dzwigckowe wskazuje koniecznos¢ zrobienia wdechu i wydechu. Dotychczas byto ono stosowane
jako niefarmakologiczna metoda wspomagajgca leczenie nadci$nienia tetniczego, ktore jest
czesta przyczyng rozwoju NS. Zalecenia dotyczace stosowania tego urzadzenia zostaly ujete
przez American Heart Association (AHA) w stanowisku z 2013 roku dotyczacym
niefarmakologicznych metod obnizania ci$nienia tetniczego [12]. Urzadzenie to zostato
zaakceptowana przez US Food and Drug Administration (FDA) w redukcji ci$nienia tetniczego
oraz w leczeniu stresu.

Okoto 20 Ilat temu do leczenia niewydolno$ci serca wprowadzono nowa metode
stymulacji — terapi¢ resynchronizujacg (CRT). Polega ona na skoordynowanej stymulacji
zarowno prawej jak i lewej komory serca, co przywraca fizjologiczng chronologi¢ pracy komor
i niweluje zjawisko dyssynchronii [13]. Wciaz jednak pozostaje grupa chorych, u ktorych nie

przynosi ona spodziewanych rezultatow i nie nastgpuje poprawa kliniczna. Zjawisko to moze



dotyczy¢ okoto 30% pacjentéw jezeli bierze si¢ pod uwage objawy kliniczne i az 40-60%
chorych, jesli ocenie podlegaja parametry bardziej obiektywne jak wielko$¢ i frakcja wyrzutowa
lewej komory. Przyczyny braku odpowiedzi na terapi¢ resynchronizujaca sa ztozone i nie do
konca poznane [14].

Aktywacja wspolczulnego uktadu nerwowego odgrywa kluczowa role w rozwoju i
progresji chorob uktadu sercowo-naczyniowego — m.in. nadci$nienia t¢tniczego i niewydolno$ci
serca [15]. Ostatnio odnotowuje si¢ ponownie zwigkszone zainteresowanie obiecujacg metoda
terapii w opornym nadci$nieniu t¢tniczym - denerwacja tetnic nerkowych. Istniejg podstawy by
przypuszczaé, ze denerwacja tetnic nerkowych u chorych z opornym nadci$nieniem tgtniczym
prowadzi do zmniejszenia ogdlnoustrojowej aktywnos$ci uktadu wspotczulnego [16]. Wobec
powyzszych obserwacji rowniez w niewydolno$ci serca mozna spodziewaé si¢ zmniejszenia

systemowej nadmiernej aktywnos$ci uktadu wspotczulnego po zastosowaniu tej metody.



3. Cele pracy:

Celem pracy byla ocena bezpieczenstwa i wplywu na wydolno$¢ fizyczng, parametry

hemodynamiczne oraz jako$¢ zycia:

a) treningu wolnego oddychania u objawowych pacjentoéw z niewydolnoscig serca z

obnizong frakcja wyrzutowa lewej komory

b) denerwacji tetnic nerkowych u objawowych pacjentow z niewydolnoscig serca z

obnizong frakcja wyrzutowa lewej komory pomimo optymalnej farmakoterapii oraz

terapii resynchronizujacej
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4. Metodyka badania:

Trening wolnego oddychania u objawowych pacjentow z niewydolnoscig serca z obnizong
frakcjq wyrzutowq lewej komory

W badaniu chorzy z przewlekta NS z obnizong frakcja wyrzutowa lewej komory (LVEF),
ze standardowg terapig farmakologiczng, byli leczeni w sposob randomizowany trwajacym 10-
12 tygodni treningiem wolnego oddychania (slow breathing training, SBT) naprzemiennie ze
standardowg terapia NS o tym samym czasie trwania (cross-over open trial). W treningu
oddechowym zostaty zastosowane urzadzenia RESPeRATE (InterCure Ltd., Lod, Israel), ktdre
sktadaja si¢ z czujnika monitorujacego ruchy oddechowe oraz skomputeryzowanego urzadzenia
generujacego wzorzec muzyczny przekazywany nastgpnie do stuchawek. Podczas SBT pacjenci
wykonywali dwukrotnie w ciggu dnia trwajgcy 15 min trening za pomocg aparatu RESPeRATE
z czestoscig 6 oddechow/min. U wszystkich chorych wyjsciowo oraz po kazdej z dwoch faz
badania zbierano dane kliniczne, wykonywano: polisomnografi¢, badanie czynnos$ci uktadu
autonomicznego, badanie echokardiograficzne, test 6-min marszu (6-minute walk test, 6MWT),
24-h monitorowanie EKG metoda Holtera, badanie jakosci zycia (kwestionariusz Minnesota

(MLHFQ)) oraz badania laboratoryjne.

Denerwacja tetnic nerkowych u objawowych pacjentow z niewydolnoscig serca z obnizong
frakcjg wyrzutowg lewej komory nieodpowiadajgcych na terapie resynchronizujgcq.
Objawowych pacjentéw z niewydolnos$cig serca z obnizong frakcjg wyrzutowa lewe;j
komory nicodpowiadajacych na terapi¢ resynchronizujgcg przydzielono losowo do grupy
interwencji oraz kontrolnej. W grupie interwencyjnej podczas pierwszej hospitalizacji wykonano
procedure ablacji tetnic nerkowych pradem o czgstotliwosci radiowej cewnikiem Symplicity

(Medtronic) z dostepu przez tetnice udowa. W trakcie zabiegu wykonywano do 6 ablacji
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punktowych, natomiast w grupie kontrolnej zabieg ten nie byt wykonywany. Wyjsciowo i po 1,
6, 12 i 24 miesigcach przeprowadzano ocen¢ obejmujaca oceng czynnosci uktadu
autonomicznego, ocen¢ cisnienia obwodowego, echokardiografie¢ przezklatkowa, badanie
jakosci zycia z zastosowaniem Kkwestionariusza Minnesota, 6MWT, ocen¢ funkcji nerek i
wybrane badania biochemiczne z uwzglgdnieniem NT-proBNP jako markera nasilenia

niewydolnosci serca.

Do analizy statystycznej wykorzystano pakiet Statistica 10. Za graniczny poziom
istotnosci (p) przyjeto wartos¢ 0.05. Szczegdlowy opis wykorzystanych analiz statystycznych

znajduje si¢ w kazdym z opublikowanych artykutow sktadajacych si¢ na dysertacje.

Na przeprowadzenie badan uzyskano zgody Komisji Bioetycznej Collegium Medicum
Uniwersytetu Jagiellonskiego (KBET/90/B/2007 z dnia 15 listopada 2007 r. oraz
KBET/73/B/2012 z dnia 22 marca 2012 r.). Badania byty finansowane ze $rodkéw Narodowego

Centrum Nauki.
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5. Artykuly stanowigce monotematyczny cykl publikacji
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ABSTRACT

Background. Slow breathing training (SBT) has been proposed as a new non-pharmacological
treatment able to induce favorable effects in patients with chronic heart failure (CHF). However, no
information is available regarding its effects on orthostatic blood pressure (BP) changes in these
patients, an issue of practical relevance given the reported BP-lowering effect of SBT. The aim of
this study is to evaluate the influence of SBT on BP and whether SBT induces orthostatic
hypotension (OH) or changes in quality of life (QoL) in CHF patients. Methods. The analysis was
performed as part of an ongoing crossover open trial aimed at assessing the clinical effectiveness of
SBT in treated patients with CHF. The patients underwent 10-12 weeks of SBT with the RESPeRATE
device and 10-12 week follow-up under usual care. Patients were randomly divided into two
groups: group | began with SBT, followed by usual care; group Il began with usual care, followed by
SBT. Patients undergoing SBT were asked to perform each day two separate 15 min sessions of
device-guided SBT at a breathing frequency of 6 breaths/min. In all patients, before the enroliment
and after each study phase, clinical data collection and BP measurements in sitting, supine and
standing position were performed. OH was defined as a decrease of > 20 mmHg in systolic blood
pressure (SBP) or > 10 mmHg in diastolic blood pressure (DBP) within 3 min of standing. QoL was
assessed three times at the beginning, and after each phase of the study by the Minnesota Living
with Heart Failure (MLHF) questionnaire. Results. Forty patients (two equal groups) completed the
study, with the following baseline characteristics: 32 males/eight females, age 63.3 + 13.4 years, 25
with ischemic CHF, 37 in New York Heart Association class Il and three in class Il left ventricular
ejection fraction 30.8 +6.7%, mean BP 138.7 + 16.5/83.1 + 11.5 mmHg, 23 with arterial hypertension
and four with a history of stroke. There were no significant differences between the groups in
clinical characteristics, SBP and DBP at rest, while seated and before and after standing up. OH
prevalence was low and did not change during the study (10% vs 10%). No significant difference in
average SBP and DBP changes secondary to body position were found when comparing the two
study phases. Decrease in MLHF score was observed in group | during SBT (p = 0.002), but not in
group lI. Conclusions. Our data indicate that SBT is safe, does not affect the prevalence of OH in CHF
patients and shows a non-significant tendency to improve QoL. These results should be confirmed
in a larger sample of patients to support the safety of SBT and its possible benefits as a novel
component of cardiorespiratory rehabilitation programs in CHF.
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failure, orthostatic hypoten-
sion, slow breathing training

Introduction

Despite unquestionable advances in treatment causing
prolongation of survival, chronic heart failure (CHF)
remains an important cause of death among patients
with cardiovascular diseases. The prevalence of CHF
increases with age and with longer lifetime (paradoxic-
ally due to better management of acute events) in
patients with hypertension and coronary heart disease,
diseases that constitute the most common causes of CHF
[1-3]. The Framingham Study showed that more than

90% of participants who developed CHF had antecedent
hypertension [4]. In recent years, the mortality of CHF
patients has only slightly improved [5]. Moreover, it is
estimated that in the future CHF treatment costs will
increase considerably [6]. It is worth underlining that
symptomatic heart failure negatively influences the
quality of life (QoL) in patients by restricting various
areas and domains of physical (fatigue, dyspnea, low
physical capacity), psychological (emotional distress,
depression) and social activities [7].

CONTACT Professor Kalina Kawecka-Jaszcz @ mckaweck@cyf-kr.edu.pl e | Department of Cardiology, Interventional Cardiology and Hypertension, Collegium

Medicum Jagiellonian University, 31-501 Krakéw, ul. Kopernika 17, Poland
© 2015 Taylor & Francis
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A continuing search for treatment modalities able to
improve outcomes and QoL, and characterized by low
nuisance for CHF patients, is therefore necessary. New
non-pharmacological methods, including slow breathing
training (SBT), may be of particular interest in this regard
[8].

Slow breathing has a beneficial impact on the function
of the cardiovascular system in CHF patients [9]. It has
been shown that slow respiratory rate in CHF increases
blood oxygen saturation at rest, improves respiratory
exchange in the lungs, increases exercise tolerance by
reducing the sensation of breathlessness and reduces
excessive sympathetic activation, with a parallel increase
in baroreceptor sensitivity reflecting parasympathetic
modulation [10]. It has been demonstrated that slow and
deep respiration suppresses steady-state sympathetic
nerve activity in patients with high levels of resting
sympathetic tone, as in heart failure [11].

To self-maintain a constant and low number of
breaths per minute is a difficult task for a patient.
Devices that give visual and audible signals to help
patients to achieve a desired frequency of breathing may
be used. One such device is the RESPeRATE (InterCure,
Lod, Israel). So far, the device has been used as a non-
pharmacological method for lowering high blood pres-
sure (BP). Recommendations for the use of RESPeRATE
have been recognized by the American Heart Association
in the statement describing non-pharmacological meth-
ods for lowering BP [12].

An intervention potentially able to lower BP could
lead to orthostatic hypotension (OH) in CHF patients,
who commonly face low BP levels either spontaneously
or owing to pharmacological treatment for their condi-
tion. Immediately after standing up, a gravitational
displacement of blood occurs, with a decrease in venous
return to the heart and reduction in left ventricular (LV)
filling [13]. The result is a reduction in stroke volume
and cardiac output, which could lead to hypotension, but
which is commonly counteracted by the resulting

E
m

10-12 week

Group |

Group Il

|
m
|
evaluation

reduction in arterial baroreceptor stimulation and by
the consequent marked decrease in parasympathetic
activity mediated by the vagus nerve, leading to a heart
rate increase, and the increase in sympathetic activity,
leading to peripheral vasoconstriction and to a greater
LV contractility [14]. Patients with CHF demonstrate a
dysfunction of this baroreflex-mediated mechanism [15],
which may be one of the causes of the occurrence of OH
in these individuals.

In healthy elderly people, the incidence of OH is
estimated to be around 5-30% [16]. OH itself is
associated with an increased risk of cardiovascular
disease [17]. There is limited information, however, on
the frequency of OH in patients with CHF. This is an
important issue, because of the results of the Italian
GISSI-HF study: in almost 7000 patients with CHF it was
shown that low systolic blood pressure (SBP) increases
the risk of early death [18].

The aim of this study was to evaluate the influence of
SBT on BP and whether this recently proposed new type
of non-pharmacological treatment induces OH and
influences QoL in patients with CHF.

Materials and methods
Study design

The study is an ongoing crossover open trial where
patients, in random order, undergo a 10-12 week period
of SBT with the RESPeRATE device (InterCure, Lod,
Israel) and a 10-12 week follow-up period under usual
care without breathing exercises. Patients were randomly
divided into two groups: group I started with SBT
followed by usual care; group II started with usual care,
followed by SBT (Figure 1). Patients randomized to SBT
were asked to perform each day two separate 15 min
sessions of device-guided SBT at a breathing frequency
of 6 breaths/min. In all patients, before the enrollment
and after each study phase, clinical data collection, BP
measurements in supine and standing positions,

Final
evaluation

Final
evaluation

10-12 week

Figure 1. Study design. SBT, slow breathing training.
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polysomnography, beat-to-beat BP monitoring, echocar-
diography, Six-Minute Walk Test, 24 h Holter monitor-
ing, QoL assessment through the Minnesota Living with
Heart Failure (MLHF) questionnaire and laboratory tests
were performed. Optimized pharmacological treatment
was kept constant during the study.

Study population

Patients aged >18 vyears with New York Heart
Association (NYHA) class II-III CHF, with left ven-
tricular ejection fraction (LVEF)<40% (echocardiog-
raphy) under stable clinical conditions, with no
cardiovascular interventions in the past 3 months and
who were stable on pharmacological treatment in the
past 4 weeks were enrolled. Sinus rhythm presence was
required and checked by 24 h Holter electrocardiogram
monitoring. The patients had to be able to perform
breathing exercises following instructions received
during a previously completed supervised training ses-
sion. Patients who had undergone heart transplantation,
patients who were within 3 months since the end of
traditional cardiac rehabilitation, and those with serious
chronic obstructive pulmonary disease (forced expiratory
volume in 1 second <50%), ventricular arrhythmias or
conduction abnormalities (ventricular tachycardia, ven-
tricular fibrillation, atrioventricular block grade II and
III) were excluded.

Blood pressure measurement

BP measurements were performed with a validated
oscillometric  device (OMRON M6 (OMRON
Corporation, Kyoto, Japan)) at the brachial artery,
while the patient was sitting, at room temperature, at a
fixed time of day (between 08.00 and 11.00 h), having
refrained from eating and smoking for at least 30 min,
and after 10 min of rest. The measurements were
performed twice with an interval of at least 5 min and
mean values were calculated.

To diagnose OH, subjects were studied in the morning,
in the supine position, in a quiet and dimly lit room after
an overnight fast. Non-invasive BP measurements were
taken with an arm cuff (OMRON M6) after 10 min rest in
the supine position. OH was defined as a decrease of
>20mmHg in SBP or >10mmHg in diastolic blood
pressure (DBP) within 3 min of standing [13].

Slow breathing training (RESPeRATE device)

The system includes a belt-type respiration sensor
connected to a computerized box that generates musical
patterns through earphones. The device guides the user
to slow their breathing, with the expiration phase being

16
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longer than the inspiration phase. After a “recognition”
phase, during which the device learns the user’s natural
breathing patterns, it starts guiding the user to breathe
more slowly in the following way: (i) the sensor monitors
continuously breathing movements; (ii) the computer-
ized box detects the breathing patterns and average
inhale/exhale duration over the last four respiratory
cycles; (iii) it synthesizes musical patterns with “inspir-
ation” and “expiration” guiding tones with related but
different durations (longer in expiration); and finally (iv)
the user voluntarily and effortlessly synchronizes inhal-
ing and exhaling movements with the guiding tones. As a
result, breathing frequency is reduced from the initial
spontaneous rate (usually 14-18 breaths/min) to a rate of
6-8 breaths/min, with prolonged exhalation [19].

Echocardiography

The same experienced operator, blinded to patients’
allocation, performed the echocardiographic examin-
ations of all patients (General Electric VIVID7 (GE
Healthcare, Little Chalfont, United Kingdom), probe
2.5 MHz). The measurements, i.e. M-mode, 2D and
Doppler method, were performed according to the
standards required by the American Society of
Echocardiography [20]. LVEF was measured with
Simpson’s technique based on the average from at least
three registered cycle heart beats.

Minnesota Living with Heart Failure
Questionnaire

Patients completed the Polish version of the 21-item
MLHF questionnaire to assess disease-specific QoL. The
questionnaire asks about how much the heart condition
has affected the patient’s life during the past month.
Each item is rated on a Likert scale between 0 (no
impairment) and 5 (very much impaired), resulting in a
total score between 0 and 105 for total QoL. The MLHF
also allows one to compute subscores for the physical
(eight items, range 0-40) and emotional (five items,
range 0-25) aspects of QoL [21]. Lower MLHF scores
indicate better QoL.

Statistical analysis

All data were analyzed using the Statistica PL software
(v. 10.0; StatSoft). Categorical variables are reported as
percentages and continuous variables as means and
standard deviation (SD). The chi-squared test was
applied to all categorical variables. For continuous
variables, analysis of variance (ANOVA) was used. A
p value of less than 0.05 was considered to indicate
statistical significance.
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Results

Forty patients aged 23-88 years completed the study.
Clinical characteristics of the enrolled patients are shown
in Table I. Secondary forms of cardiomyopathy were the
most prevalent causes of CHF: 25 patients (62.5%) had
ischemic cardiomyopathy, two patients had a diagnosis
of CHF as a result of myocarditis, in one patient heart
failure had developed as a result of systemic disease
(sarcoidosis) and 12 patients had primary dilated
cardiomyopathy of unknown etiology. There were no
significant differences in the studied parameters between
the groups at baseline (Table I).

Before enrollment all patients had to be under
constant pharmacotherapy for at least 4 weeks, according
to the current European Society of Cardiology (ESC)
guidelines [2], consisting of beta-blockers and angioten-
sin-converting enzyme inhibitors (ACEIs) (in four
patients angiotensin receptor antagonists because of
intolerance to ACEIs) at the maximum tolerated dose.
The majority of patients used diuretics. In addition, all
patients with LVEF below 35% received a mineralocor-
ticoid receptor antagonist; one patient received ivabra-
dine in accordance with the recommendations of the
ESC. Three patients in the study required intensification
of diuretic treatment owing to heart failure exacerbation
(worsening of peripheral edema): two during the control
period (groups I and II) and one during SBT.

There was a significant reduction in SBP and DBP
between baseline and the final evaluation in group I. In
group II the same trend was present, although it did not
reach statistical significance (Table II). The prevalence of
OH was low (10% at baseline, 12.5% at 12 weeks and
10% at final evaluation) and did not change between the
phases of the study (Table III). The average changes in
SBP/DBP after changing position were also not signifi-
cant (Table IV).

A decrease in MLHF questionnaire score was observed
in group I during SBT. In group II a similar decrease was
present only after completion of the study. There were
no differences between the groups in the MLHF score at
any time during the study (Figure 2).

Discussion

A few previous reports have suggested that SBT may be a
useful adjunct to standard treatment in patients with
CHF. The acute effects of slow breathing in heart failure
patients were assessed by Bernardi et al., who reported
an improvement in blood oxygenation and exercise
performance without significant changes in BP after 4
min of breathing at a rate of 6 breaths/min. In a small
subgroup of participants who underwent 1 month of
SBT, long-term benefits in terms of blood oxygenation
and in objective and subjective indices of exercise

Table |. Baseline characteristics of the study groups.

Group | Group I All p
Parameter (n=20) (n=20) (n=40)
Age (years) 655+116 61.2+15.0 63.3+134 0.57
Male gender (%) 15 (75) 17 (85) 32 (80) 0.46
NYHA class 1I/1Il (n) 18/2 19/1 37/3 0.50
Ejection fraction (%) 31.7+6.7 29.9+6.9 308+6.7 041
SBP sitting (mmHg) 141.6£145 1359+182 138.7+£16.5 0.42
DBP sitting (mmHg) 844+116 819+116 83.1£115 0.53
SBP supine (mmHg) 122.0£15.7 1284+19.5 1254+179 0.27
DBP supine (mmHg) 708+9.5 745+11.0 728+103 0.56
SBP standing (mmHg) 119.2+£19.1 126.1+16.0 1228+176 0.23
DBP standing (mmHg) 733+11.1 77.3+142 754+128 0.34
Minnesota Quality of Life (points) 49.7+10.0 48.7+14.2 492+12.2 0.79
Ischemic heart disease (%) 15 (75) 10 (50) 25 (62.5) 0.07
Hypertension (%) 12 (60) 11 (55) 23 (57.5) 1.0
Stroke (%) 2 (10 2 (10) 4(10) 0.50
Diabetes (%) 5(25) 8 (40) 13 (32.5) 048

Data are shown as mean+SD or n (%).

NYHA, New York Heart Association; SBP, systolic blood pressure; DBP, diastolic blood pressure.

Table Il. Changes in sitting blood pressure values (mmHg) among different study phases.

Group Baseline SBP/DBP At 12 weeks SBP/DBP Final evaluation SBP/DBP p baseline-12 weeks p 12 weeks—final p baseline—final
| (h=20) 147.2/87.3 134.7/80.5 132/77.7 0.06/0.17 0.85/0.73 0.02/0.04

Il (n=20) 140.2/84.3 138.0/84.2 1343/814 0.79/0.99 0.91/0.70 0.53/0.69
plvsl 0.32/0.53 0.65/0.48 0.29/0.24

SBP, systolic blood pressure; DBP, diastolic blood pressure.
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performance were confirmed. Changes in BP after the
SBT period were not reported in this study [10]. The
information on the beneficial effects of SBT was further
extended by a study by Parati et al. on 24 patients with
CHF who underwent SBT using the same device as in the
present report. These effects included reductions in
NYHA class and pulmonary artery pressure, and
improvement in ejection fraction, ventilatory variables
and QoL [9].

The data on the effects of slow breathing and SBT on
BP in patients with CHF are limited and inconsistent.
During a slow breathing session, BP was unchanged in
the study by Bernardi et al. [10]. Another paper from this
group reported, however, a significant decrease in BP
during a 4 min slow breathing session in CHF patients
(but not in healthy controls) [22]. This discrepancy may
be explained by impaired responses of the arterial
baroreflex and chemoreflex occurring during slow
breathing in CHF and in hypoxic patients [22,23].
Further insight into the possible mechanisms comes
from a study by Bilo et al, performed in healthy
volunteers exposed to high altitude (a condition in
many regards similar to heart failure with hypoxemia).
In this setting, a 15 min session of slow breathing induced
a decrease in BP level, possibly due to the deactivation of
peripheral chemoreceptors by increased blood oxygen-
ation and consequent reduction of sympathetic drive [24].

In our study we found no changes in BP level after a
period of SBT. This result is in line with the randomized
trial by Ekman et al, in which 30 CHF patients
underwent a 4 week period of SBT with the
RESPeRATE device, while 35 CHF patients listened to
music from a compact disc player (control group) [25].
In the study by Parati et al, only a non-significant
reduction in BP was observed, mainly in patients with
high baseline values [9].

Table Ill. Prevalence of orthostatic hypotension by group and
study phase.

Group (n=20) Baseline At 12 weeks Final evaluation
| (SBT/usual care) 2 (10) 2 (10) 1(5)

Il (usual care/SBT) 2 (10) 3(15) 3 (15)

p 0.52 0.66 032

Data are shown as n (%).
SBT, slow breathing training.
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To our knowledge, this is the first study to assess the
effects of SBT on dynamic regulation of BP during
orthostatic challenge and its impact in terms of OH
prevalence in patients with CHF. A beneficial effect of
slow breathing on orthostatic tolerance was demon-
strated in a randomized crossover study on healthy
volunteers. The authors postulated that this improve-
ment is mediated by the generation of negative
intrathoracic pressure during slow and deep breathing,
increasing right venous return and in turn LV stroke
volume, with resulting beneficial effects on the cardio-
vascular and autonomic systems [26]. Another suggested
mechanism of the positive influence of slow breathing on
OH is the possibility that the generation of greater
negative pressure in the thorax accelerates blood flow
through capillary beds owing to a vacuum effect and to
maximization of the pressure gradient.

Orthostatic intolerance is an important issue in CHF.
In a meta-analysis by Ricci et al, compared with the
absence of OH, the occurrence of OH was associated
with a significantly increased risk of heart failure
(relative risk 2.25, 95% confidence interval 1.52-3.33)
[27]. An impairment in autonomic regulation is frequent
in this population [28] and may be further exacerbated
by the use of some of the medications commonly
prescribed in CHF, such as diuretics or vasodilators [29].
In this context, our study did not reveal any negative
influence of SBT in terms of orthostatic tolerance,
indicating that this technique represents an additional,
potentially valuable therapeutic approach devoid of
negative effects on OH in CHF patients. In fact, one
could hypothesize that many CHF patients for whom
OH is an issue may benefit from SBT, should it be able to
reduce the need for the use of diuretics or vasodilators to
control symptoms. This possibility was beyond the scope
of the present study but it appears to be of clinical
interest and should be explored in future research.

Finally, we observed an improvement in the QoL
during the course of the study, between baseline and
final assessment, in line with that reported by Parati et al.
[9]. However, the pattern of MLHF changes in the two
groups (improvement was observed in both the SBT and
usual care phases) suggests that it was not specifically
due to SBT, but rather that direct contact of patients with
the staff involved in the trial, performing check-ups,

Table IV. Changes in blood pressure in the two study groups and in the different study phases after

standing up.

Group Baseline SBP/DBP At 12 weeks SBP/DBP Final evaluation SBP/DBP p

| -26+14.1/424+87 +03+10.5/-1.3+85 -04+146/+43+79 0.69/0.09
I -23+12.2/+2.8+10.1 +0.3+10.5/+0.7+9.3 -4.35+14.6/42.5+9.5 0.70/0.97

SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Figure 2. Results of the Minnesota Living with Heart Failure (MLHF) questionnaire according to group and study phase. NS, not

significant.

increasing medical surveillance and showing interest in
their problems, was probably the main cause of
improved QoL. This emphasizes the need for appropriate
control in studies on non-pharmacological interventions,
where the effects of a close follow-up may be as
important as those of the intervention itself, in particular
when “soft” endpoints (such as QoL) are considered.
However, it should be underlined that Ekman et al., in
their well-controlled study on CHF patients, found that a
positive effect of SBT on the QoL and severity of CHF
symptoms was restricted to responding patients, i.e.
those in whom SBT induced lasting changes in the
breathing pattern [25]. In addition, owing to the
crossover design of our study, we cannot completely
exclude a carryover effect to explain the difference in
QoL score between baseline and the end of the study.

Our study has several strengths, including having a
sample size moderately larger than that of most previous
studies [9,25], having a controlled design and using a
device specifically designed for SBT (and approved by
the US Food and Drug Administration for BP lowering),
following a standardized exercise protocol. This device
implements a series of features which make the exercise
easier for the patient, including individualized acoustic
guidance of breathing frequency, resulting in its gradual
reduction, and visual feedback on the exercise perform-
ance. This is important as self-maintenance of a
constantly low number of breaths by the patient is a
difficult task and a rigid breathing pace could have
negative effects on exercise performance.

There are also some limitations of our study which
should be acknowledged. First, the BP measurement was

performed wusing the traditional, non-continuous
method. We therefore cannot completely exclude pos-
sible BP reductions between the scheduled measure-
ments. Secondly, the number of subjects with OH was
low and therefore the study may not be sufficiently
powered to detect a small increase in OH prevalence.
Nonetheless, the fact that the absolute values of ortho-
static BP changes were virtually unchanged after SBT
makes this possibility unlikely. Thirdly, for practical
reasons we implemented a crossover rather than a
parallel group design. Thus, we cannot exclude some
carryover effect, as exemplified by the changes observed
in the QoL. Finally, we cannot exclude the possible
influence of coexisting morbidities (e.g. diabetes, hyper-
tension) or that of concomitant drug therapy on OH,
although drug treatment was kept stable during the
study.

Conclusions

Our data indicate that SBT does not increase the
prevalence of OH, thereby supporting it as a feasible
and safe method which may be used in CHF patients.
Moreover, our data do not seem to support a significant
impact on QoL by this intervention; however, given the
cross-sectional design of our study, this finding needs to
be confirmed by longitudinal trials with a controlled
parallel group design. Further data from controlled
studies are still necessary to confirm the clinical benefits
of SBT in CHF patients, before it may be proposed as a
novel and useful component of -cardiorespiratory
rehabilitation programs in CHF.

19



Downloaded by [Uniwersytet Jagiellonski] at 06:43 07 November 2015

Funding

This study has been funded by a grant from the National

Science Centre (NSC) [no.

UMO-2011/03/B/NZ5/

00533].

Declaration of interest

No potential conflict of interest was reported by the authors.

References

1.

2.

10.

11.

12.

Mosterd A, Hoes AW. Clinical epidemiology of heart
failure. Heart. 2007;93:1137-46.

McMurray JJ, Adamopoulos S, Anker SD, et al. ESC
guidelines for the diagnosis and treatment of acute and
chronic heart failure 2012: The Task Force for the
Diagnosis and Treatment of Acute and Chronic Heart
Failure 2012 of the European Society of Cardiology.
Developed in collaboration with the Heart Failure
Association (HFA) of the ESC. Eur Heart J.
2012;33:1787-847.

Kawecka-Jaszcz K, Kloch-Badetek M, Wojciechowska W.
Hypertension as a risk factor for heart failure. Arterial
Hypertens. 2011;15:275-82.

Levy D, Larson MG, Vasan RS, Kannel WB, et al. The
progression from hypertension to congestive heart failure.
JAMA. 1996;275:1557-62.

Chen J, Normand SL, Wang Y, Krumholz HM. National
and regional trends in heart failure hospitalization and
mortality rates for Medicare beneficiaries, 1998-2008.
JAMA. 2011;306:1669-78.

Heidenreich PA, Albert NM, Allen LA, et al. Forecasting
the impact of heart failure in the United States: a policy
statement from the American Heart Association. Circ
Heart Fail. 2013;6:606-19.

. Klocek M, Czarnecka D. Quality of life in patients with

chronic heart failure. In: Kawecka-Jaszcz K, Klocek M,
Tobiasz-Adamczyk B, Bulpitt CJ, editors. Health-related
quality of life in cardiovascular patients. Milan: Springer;
2013. p. 61-73.

Drozdz T, Debicka-Dabrowska D, Styczkiewicz K, et al.
New non-pharmacological treatment methods in heart
failure. Przegl Lek. 2014;71:441-6.

. Parati G, Malfatto G, Boarin S, et al. Device-guided

paced breathing in the home setting: effects on
exercise capacity, pulmonary and ventricular func-
tion in patients with chronic heart failure: a pilot
study. Circ Heart Fail. 2008;1:178-83.

Bernardi L, Spadacini G, Bellowon J, et al. Effect of
breathing rate on oxygen saturation and exercise perform-
ance in chronic heart failure. Lancet. 1998;351:1308-11.
Harada D, Asanoi H, Takagawa ], et al. Slow and deep
respiration suppresses steady-state sympathetic nerve
activity in patients with chronic heart failure: from
modeling to clinical application. Am ] Physiol Heart
Circ Physiol. 2014;307:H1159-68.

Brook RD, Appel L], Rubenfire M, et al. Beyond medica-
tions and diet: alternative approaches to lowering blood
pressure: a scientific statement from the American Heart
Association. Hypertension. 2013;61:1360-83.

20

13.

14.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

BLOOD PRESSURE (&) 7

Freeman R, Wieling W, Axelrod FB, et al. Consensus
statement on the definition of orthostatic hypotension,
neurally mediated syncope and the postural tachycardia
syndrome. Clin Auton Res. 2011;21:69-72.

Di Rienzo M, Parati G, Radaelli A, Castiglioni P.
Baroreflex contribution to blood pressure and heart rate
oscillations: time scales, time-variant characteristics and
nonlinearities. Philos Trans A Math Phys Eng Sci.
2009;367:1301-18.

La Rovere MT, Pinna GD, Maestri R, Sleight P.
Clinical value of baroreflex sensitivity. Neth Heart J.
2013;21:61-3.

Low PA. Prevalence of orthostatic hypotension. Clin
Auton Res. 2008;18 Suppl 1:8-13.

Fan XH, Wang Y, Sun K, et al. Disorders of orthostatic
blood pressure response are associated with cardiovascu-
lar disease and target organ damage in hypertensive
patients. Am ] Hypertens. 2010;23:829-37.

Barlera S, Tavazzi L, Franzosi MG, et al. Predictors of
mortality in 6975 patients with chronic heart failure in the
Gruppo Italiano per lo Studio della
Streptochinasi nell'Infarto Miocardico-Heart Failure trial:
proposal for a nomogram. Circ Heart Fail. 2013;6:31-9.
Gavish B. Device-guided breathing in the home setting:
technology, performance and clinical outcomes. Biol
Psychol. 2010;84:150-6.

Gottdiener JS, Bednarz ], Devereux R, et al. American
Society of Echocardiography recommendations for use of
echocardiography in clinical trials. J Am Soc
Echocardiogr. 2004;17:1086-119.

Middel B, Bouma J, de Jongste M, et al. Psychometric
properties of the Minnesota Living with Heart Failure
Questionnaire (MLHF-Q). Clin Rehabil. 2001;15:489-500.
Bernardi L, Porta C, Spicuzza L, et al. Slow breathing
increases arterial baroreflex sensitivity in patients with
chronic heart failure. Circulation. 2002;105:143-5.
Spicuzza L, Gabutti A, Porta C, etal. Yoga and chemoreflex
response to hypoxia and hypercapnia. Lancet.
2000;356:1495-6.

Bilo G, Revera M, Bussotti M, et al. Effects of slow
deep breathing at high altitude on oxygen saturation,
pulmonary and systemic hemodynamics. PLoS One.
2012;7:e49074.

Ekman I, Kjellstrom B, Falk K, et al. Impact of device-
guided slow breathing on symptoms of chronic heart
failure: a randomized, controlled feasibility study. Eur ]
Heart Fail. 2011;13:1000-5.

Lucas SJ, Lewis NC, Sikken EL, et al. Slow breathing as a
means to improve orthostatic tolerance: a randomized
sham-controlled trial. ] Appl Physiol. 2013;115:202-11.
Ricci F, Fedorowski A, Radico F, Romanello M, Tatasciore
A, Di Nicola M, et al. Cardiovascular morbidity and
mortality related to orthostatic hypotension: a meta-
analysis of prospective observational studies. Eur Heart J.
2015;36:1609-17.

Kishi T. Heart failure as an autonomic nervous system
dysfunction. J Cardiol. 2012;59:117-22.

Poon IO, Braun U. High prevalence of orthostatic
hypotension and its correlation with potentially causative
medications among elderly veterans. ] Clin Pharm Ther.
2005;30:173-8.



ORIGINAL ARTICLE

Effects of device-guided slow breathing training
on exercise capacity, cardiac function, and

respiratory patterns during sleep in male and
female patients with chronic heart failure

Kalina Kawecka-Jaszcz', Grzegorz Bilo?3, Tomasz Drozdz', Dorota Debicka-Dabrowska',

Grzegorz Kielbasa', Gabriella Malfatto?, Katarzyna Styczkiewicz', Carolina Lombardi?,

Agnieszka Bednarek', Sabrina Salerno?, Danuta Czarnecka', Gianfranco Parati??

1 | Department of Cardiology, Interventional Electrocardiology and Hypertension, Jagiellonian University Medical College, Krakéw, Poland
2 Department of Cardiovascular, Neural and Metabolic Sciences, S. Luca Hospital, IRCCS Istituto Auxologico ltaliano, Milan, Italy
3 Department of Medicine and Surgery, University of Milano-Bicocca, Milan, Italy

KEY WORDS

chronic heart failure,
sleep apnea, slow
breathing training

Correspondence to:

Prof. Kalina Kawecka-Jaszcz,

MD, PhD, | Klinika Kardiologii

i Elektrokardiologii Interwencyjnej
oraz Nadcisnienia Tetniczego,
Uniwersytet Jagielloriski,

Collegium Medicum,

ul. M. Kopernika 17, 31-501 Krakéw,
Poland, phone: +48 12 424 73 00,
e-mail: mckaweck@cyf-kr.edu.pl
Received: November 13, 2016.
Revision accepted:

January 10, 2017.

Published online: January 10, 2017.
Conflict of interest: none declared.
Pol Arch Intem Med. 2017;

127 (1):8-15
doi:10.20452/pamw.3890
Copyright by Medycyna Praktyczna,
Krakéw 2017

ABSTRACT

INTRODUCTION  Slow breathing training (SBT) has been proposed as a new nonpharmacologic treatment

in patients with chronic heart failure (CHF).
OBJECTIVES

The aim of this study was to assess the effects of SBT on exercise capacity, hemodynamic

parameters, and sleep respiratory patterns in a relatively large sample of CHF patients.

PATIENTS AND METHODS

A crossover open study was conducted. Patients completed, in a random order,

10- to 12-week SBT, with 2 15-minute sessions of device-guided SBT each day, reaching 6 breaths/
min, and a 10- to 12-week follow-up under standard care. Clinical data collection, polysomnography,
echocardiography, 6-minute walk test (6MWT), and laboratory tests were performed.

RESULTS A total of 96 patients (74 men, 22 women) in New York Heart Association classes I-lll, with
an average age of 65 years and an ejection fraction (EF) of 31%, completed the study. Home-based SBT
was safe. After training, EF and 6MWT distance improved (EF: 31.3% +7.3% vs 32.3% +7.7%; P = 0.030;
6MWT: 449.9 +122.7 m vs 468.3 =121.9 m; P <0.001), and the apnea—hypopnea index decreased
(5.6 [interquartile range (IQR), 2.1; 12.8] vs. 5.4 [IQR, 2.0; 10.8]; P = 0.043).

concrusions  SBT improved physical capacity and systolic heart function; it also diminished sleep
disturbances. The results support the benefits of SBT as a novel component of cardiorespiratory reha-

bilitation programs in patients with CHF.

INTRODUCTION  Chronic heart failure (CHF) has
become one of the most widespread diseases and
a principal cause of morbidity and mortality, due
to the high prevalence of its main causes in ag-
ing societies, namely, hypertension and coronary
heart disease."? Despite unquestionable progress
in pharmacologic and device-based treatment,
the mortality of CHF patients has only slight-
ly improved in recent years,** and frequent hos-
pitalizations* and poor quality of life® of these
patients remain major health care issues. Espe-
cially in this latter aspect, cardiac rehabilitation
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programs based on physical exercise might prove
particularly beneficial. However, their use in clin-
ical practice remains limited because of the time
and resources needed to achieve a satisfactory
outcome. New nonpharmacologic home-based
treatment options may thus be of particular in-
terest in this regard. Among these options, re-
spiratory training aimed at slowing the breath-
ing rate, was proposed some years ago. A device
for slow breathing training (SBT) was developed
(RESPeRATE) in order to facilitate the patient
in the potentially difficult task of maintaining
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a constant number of breaths. This device guides
the breathing exercise through visual and acous-
tic feedback, and its application has been recog-
nized by the American Heart Association as a po-
tentially useful nonpharmacologic approach for
lowering blood pressure.®

The use of SBT has also been shown to be
a feasible treatment option in the framework of
the home-based rehabilitation of patients with
CHF.” Our previously published data indicated
that it is safe and does not significantly affect
blood pressure values or the prevalence of ortho-
static hypotension in these patients.® Moreover,
preliminary data have demonstrated the useful-
ness of home-based rehabilitation in terms of im-
proving both subjective (New York Heart Associ-
ation [NYHA] class, breathlessness) and objective
(exercise capacity, pulmonary function, and ven-
tricular EF) parameters.®'" It was hypothesized
that the favorable effects of SBT may be mediat-
ed by improved baroreflex sensitivity and respi-
ratory mechanics.?'0

Respiratory abnormalities, from shallow
breathing to Cheyne-Stokes periodicity, are
very frequent in advanced CHF and their pres-
ence suggests a poor prognosis.'? In particular,
sleep-disordered breathing, mainly character-
ized by the presence of central apneas, is found
in up to 76% of patients with systolic and dia-
stolic heart failure'® and, apparently, remains in
a dose-dependent relationship with heart failure
severity." Intervention with positive airway pres-
sure devices was shown to reduce the number of
central apneas in CHF patients'® and may improve
some clinical parameters.'® However, data from
arecent trial suggest that adaptive servoventila-
tion treatment is associated with higher mortali-
ty in CHF patients."

Alternative therapeutic options to correct
sleep-disordered breathing in CHF thus remain
to be evaluated. In this context, no information
is available on whether a training based on slow
breathing during the day may improve abnormal
patterns of respiration at night.

In summary, previous data indicate that SBT
may be a simple and clinically useful adjunct to
cardiac rehabilitation in CHF patients but stron-
ger evidence is needed to support its clinical use.
Therefore, we performed this study to assess
the effects of SBT on clinical variables, including
exercise capacity, hemodynamic parameters, and
respiratory patterns during sleep in a relatively
large sample of patients with CHE.

PATIENTS AND METHODS Study design The
study, performed in 2 cardiology departments
(Krakéw, Poland and Milan, Italy), employed
a crossover open trial design where patients,
in a random order, underwent a 10- to 12-week
SBT with the RESPeRATE device (InterCure Ltd.,
Lod, Israel) and a 10- to 12-week follow-up un-
der standard care. Participants were identified
by local investigators in the period between 2012
and 2015, and were consecutively assigned to in-
tervention sequence starting with either SBT or
standard care according to a previously prepared
simple randomization list. In all patients, home
sleep study, echocardiography, 6-minute walk test
(6MWT), and laboratory tests were performed
at baseline and after each study phase (FIGURE 1).
Optimized pharmacologic treatment was main-
tained throughout the study. The study was per-
formed in accordance with the 1975 Declaration
of Helsinki for Human Research and approved
by the Bioethical Committee of the participat-
ing institutions: Jagiellonian University Bioeth-
ical Committee and the Ethics Committee of Is-
tituto Auxologico Italiano. Patients were includ-
ed only if they gave their written informed con-
sent. The study has been registered in the Polish
National Science Centre (number 2011/03/B/
NZ5/00533).

Study population  Adult patients with CHF ful-
filling the following conditions were enrolled for
this study: NYHA classes I-III; left ventricular
EF (LVEF) lower than 40% in echocardiograph-
ic study; stable clinical conditions with no car-
diovascular interventions over the previous 3
months; receiving stable pharmacologic treat-
ment over the previous 4 weeks; sinus rhythm
in 24-hour Holter monitoring; and ability to per-
form breathing exercises after supervised train-
ing. Patients after heart transplantation, patients
who had received traditional cardiac rehabilita-
tion within the previous 3 months, and patients
presenting with serious chronic obstructive pul-
monary disease, ventricular arrhythmias (tachy-
cardia, fibrillation), or conduction abnormalities
(second- and third-degree atrioventricular block)
were excluded.

Slow breathing training (the RESPeRATE device) In
the present study, patients were asked to under-
go 2 separate 15-minute sessions of device-guided
SBT with the RESPeRATE device throughout
the 10- to 12-week period of SBT. The principles
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of functioning of this device were described previ-
ously.' Briefly, after a “learning” phase of the pa-
tient’s respiratory pattern, the device guides
the patient’s breathing by means of a musical
pattern and gradually reduces breathing frequen-
cy to 6 breaths/min, while maintaining a desired
inspiration/expiration time ratio.?

Echocardiography  Echocardiography was per-
formed using Vivid 7 Pro (General Electric, Fair-
field, Connecticut, United States), with a 2.5-MHz
probe by a single experienced operator who was
blinded to the patients’ allocation to experimen-
tal groups. One-dimensional, two-dimensional,
pulse, and continuous Doppler, and pulsed-wave
tissue Doppler imaging methods incorporating
the measurement of individual phases of mitral
annulus velocity were used. Each point of the pro-
tocol was recorded for at least 3 cardiac cycles dur-
ing patients’ steady breathing. The data were re-
corded, stored, and analyzed using the Echo-Pack
system (General Electric). EF was calculated using
the Simpson’s formula. In the presence of tricus-
pid regurgitation, the tricuspid regurgitation pres-
sure gradient and the value of right atrial pressure
estimated on the basis of the width and the re-
spiratory subsidence of the vena cava were used
to assess the systolic pressure in the right ventri-
cle. Right ventricular systolic pressure was calcu-
lated by adding the values of tricuspid regurgita-
tion pressure gradient and right atrial pressure.'®

Home sleep study Home sleep study was per-
formed with Embletta Gold, an ambulatory over-
night cardiorespiratory device (Embla, Broom-
field, Colorado, United States), which recorded
nasal/oral airflow (via a pressure cannula), chest
and abdominal wall movements (via inductive
belts), oxygen saturation (via a finger probe pulse-
-oximetry) and heart rate (via a CM5 device).
A breathing event was defined as abnormal if:
1) a complete cessation of airflow lasting more
than 10 seconds was present (apnea); or 2) a re-
duction in respiratory airflow greater than 50%
and lasting more than 10 seconds and associat-
ed with a desaturation of 4% or higher (hypop-
nea) occurred. Obstructive apneas were defined
by a reduction of respiratory airflow of over 50%
for a minimum of 10 seconds, associated with par-
adoxical thoracic and abdominal motion and a de-
saturation of 4% or higher. Central apneas were
defined by the absence/reduction of respirato-
ry airflow for 10 seconds with an absence of tho-
racic and abdominal excursions and a desatura-
tion of 4% or higher. The apnea-hypopnea index
(AHI) was defined as the average number of ap-
neas and hypopneas per hour of sleep. A sleep-
-related breathing disorder was diagnosed when
the AHI was 5 or higher. Cheyne-Stokes respira-
tion was characterized by the lack of air flow and
respiratory effort followed by hyperventilation in
a crescendo-decrescendo pattern.?’
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Six-minute walk test 'The 6MWT was performed
in patients after a 10-minute resting period in
a sitting position. Patients were asked to march
at their own pace, on a flat and level surface in
an empty corridor. They were informed about
the progress of the test on regular basis; at the
end of the 6-minute period, the total distance
walked was measured. At baseline and after
the test, blood pressure and oxygen saturation
were also measured.?'

Statistical analysis Considering the paucity of
similar studies in the literature, the sample size
was determined based on SBP effects on EF ob-
served in the previous data from our group®: as-
suming a sample standard deviation of 8% and
a correlation coefficient of 0.6 between EF be-
fore and after the intervention, 103 patients were
needed to identify a 2% difference in EF with
a power of 80%.

All data were analyzed using the Statistica PL
v.12.0 software (StatSoft, Tulsa, Oklahoma, Unit-
ed States). Categorical variables were reported
as percentages, while continuous variables—as
means and standard deviations or median and
interquartile ranges when data distribution dif-
fered from the normal. The ? test was applied
for all categorical variables. For continuous vari-
ables, the analysis of variance for repeated mea-
sures was applied. If the assumptions were not
met, a multidimensional approach or the Fried-
man test was used. For statistically significant re-
sults, detailed comparisons using the appropriate
post hoc testing (Tukey tests) were conducted. To
assess changes in only 2 measurements, the t test
for paired samples or the Wilcoxon matched pairs
test was used. The results for which the P value
was lower than the assumed level of significance
a =0.05 (P <0.05) were considered significant.

RESULTS Weincluded 110 patients (age, 23-87
years; 86 men and 24 women), of whom 14 did
not complete the study for the following reasons:
2 sudden cardiac deaths; cardiac resynchroniza-
tion therapy device implantation; 2 hospitaliza-
tions (myocardial infarction and limb fracture);
alcohol addiction; overnight working; 4 changed
the place of residence; 3 withdrew from further
participation in the study (health reasons were
excluded). Consequently, the trial ended after 96
subjects completed the study (74 in Krakéw, 22 in
Milan; age, 23-86 years; 74 men and 22 women).

Owing to a specific study design (crossover
open trial), in order to verify the probability of
a significant carryover effect, we preliminarily as-
sessed the interactions between the intervention
sequence (SBT first vs control first) and the ob-
served effects, and found no significant interac-
tions (P value always >0.4). Thus, the results could
be safely pooled together.

The clinical characteristics of the patients are
shown in TABLE 1, separately for male and female
participants. Male participants had slightly high-
er body mass index and more frequent ischemic



TABLE 1

Parameter

All participants

(n = 96)

Baseline characteristics of study participants

Male participants
(n = 74)

Female participants
(n=22)

P value

age, y 64.5 (57.0-71.5) 64.5 (57.0-72.0) 64.5 (56.0-69.0) NS
BMI, kg/m? 26.4 (24.4-29.1) 26.9 (24.4-30.1) 25.0 (21.8-27.1) 0.036
NYHA class HII, n 11/65/20 7/49/16 4/14/4 NS
EF, % 31.0 (25.0-37.0) 30.0 (25.0-36.0) 32.5 (27.0-38.0) NS
sPAP, mmHg 35.0 (30.0-44.5) 35.0 (30.0-45.0) 32.5 (30.0-44.0) NS
office SBP, mmHg 131.0(118.0-140.0) 131.5(118.5-140.3) 126.0 (112.0-138.0) NS
office DBP, mmHg 80.8 (72.0-87.0) 81.0 (74.3-87.3) 79.0 (68.5-85.0) NS
6MWT distance, m 440.0 (360.0-521.0) 459.0 (380.0-525.0) 410.0 (324.0-462.0) NS
AHI, 1/h 6.6 (2.6-14.2) 10.0 (3.0-16.0) 4.9 (1.0-6.6) 0.001
central AHI 0.1(0.0-0.7) 0.1(0.0-1.0) 0.0 (0.0-0.1) 0.048
obstructive AHI 2.0(0.4-4.3) 2.3(0.5-6.0) 1.0 (0.3-2.3) 0.038
ischemic 67 (69.1) 56 (75.7) 11 (50) 0.021
etiology, n (%)
B-blockers, n (%) 88 (91.7) 67 (90.5) 21(95.5) NS
ACEI/ARB, n (%) 69 (71.9) 54 (73.0) 15 (68.2) NS
diuretics, n (%) 69 (71.9) 52 (70.3) 17(71.3) NS

Data are presented as median (interquartile range) unless stated otherwise.

Abbreviations: 6MWT, 6-minute walk test; ACEI, angiotensin-converting enzyme inhibitor; AHI, apnea—hypopnea index;
ARB, angiotensin receptor blocker; BMI, body mass index; DBP, diastolic blood pressure; EF, ejection fraction; NYHA,
New York Heart Association; NS, nonsignificant; SBP, systolic blood pressure; sPAP, systolic pulmonary artery pressure

etiology and sleep apneas, both central and ob-
structive. Of 96 patients, 20 had mild to mod-
erate obstructive sleep apnea and 6 had mild to
moderate central sleep apnea. On the other hand,
there were no significant differences in baseline
characteristics according to the intervention se-
quence (initial SBT versus initial control period).

The main clinical variables before and after
the period of SBT are presented in TABLE 2. We
observed a significant reduction in global AHI
(from 5.6 [2.1-12.8] to 5.35 [2.0-10.8], P = 0.043),
and a trend for a reduction in central apneas in
the whole population (P = 0.16); central apne-
as were significantly reduced in men (P = 0.039)
(even if the median values were close to 0 due to
highly skewed distribution) but not in women
(P = 0.21). No significant changes in obstructive
apneas were observed (TABLE 2).

There was a significant improvement in LVEF
after SBT (31.3% +7.3% vs 32.3% +7.7%; P =
0.030), accompanied by a reduction in end-
-diastolic diameter of the left ventricle and a trend
for a reduction in the E/A ratio, while no change
was observed in systolic pulmonary artery pres-
sure (sPAP). The increase in LVEF was more ev-
ident in women (from 32.8% to 35.3%) than in
men (from 30.8% to 31.4%; P for interaction =
0.07), and in patients with NYHA class I (from
34.4% to 37.6%) compared with those with class-
es II (from 31.1% to 32.5%) and III (from 30.2% to
28.9%; P for interaction = 0.018), while no effect
of CHF etiology was observed (TABLE 2).

The 6MWT distance increased after SBT (449.9
+122.7 m vs 468.3 +121.9 m; P <0.001; TABLE 2),
regardless of the intervention sequence (FIGURE 2).

During the study, no patient reported safety
issues related to study procedures and no adverse
events attributable to the intervention occurred.

DISCUSSION  Our study attempted to assess
anumber of clinically relevant parameters in a rel-
atively large sample of patients with CHF before
and after SBT. We indeed confirmed previous
findings showing that SBT may improve cardiac
function and functional performance. Further-
more, our study investigated for the first time
the effects of SBT on sleep-disordered breathing
in these patients.

Previous studies have suggested that slow
breathing or SBT may be a useful adjunct to
standard CHF treatment. Acute effects of slow
breathing in patients with heart failure were as-
sessed by Bernardi et al,'” who reported an in-
crease in blood oxygenation levels and improved
exercise performance in participants who under-
went 1-month training. Improvement in blood ox-
ygenation seems to be related to an improved re-
spiratory mechanics with increased alveolar ven-
tilation'® as shown also by a study in subjects ex-
posed to hypoxia.??

The information on the beneficial effects of SBT
was further extended by a pilot study by Parati
et al,? in which SBT was performed with the same
device as was used in the present study. These ef-
fects included reductions in both the NYHA class
and sPAP, as well as improvement in EF, ventila-
tory parameters, and quality of life.

Furthermore, Ekman et al'' found an improve-
ment in NYHA class and breathlessness after 1
month of SBT with the RESPeRATE device.
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TABLE 2 Key clinical variables before and after slow breathing training

Parameter All participants (n = 96) Male participants (n = 74) Female participants (n = 22)
before SBT after SBT Pvalue  before SBT after SBT Pvalue  before SBT  after SBT P value
6MWT, m 449.9 4683 +£121.9 <0.001 461 480 <0.001 420 +134 427 +135 NS
+122.7 (389-529) (402-574)

sleep parameters

AHI, 1/h 5.6(21-12.8) 5.4(2.0-10.8) 0.043 1.2 6.5(2.5-12.4) 0.013 4.0+43 48 £4.8 NS
(2.6-15.6)
Al central 0.0(0.0-0.7) 0.0(0.0-0.6) NS 0.1(0.0-1.1) 0.1(0.0-0.7)  0.039 0.0 0.0 NS
(0.0-0.1) (0.0-0.4)

Al obstructive 1.6 (0.4-4.1) 1.4 (0.5-4.6) NS 1.8(0.5-5.3) 16(0.4-52) NS 1.2+16 1.9 +2.1 NS
echocardiography

LVEDd, mm 61 (56-65) 60 (56-66) 0.023 62 (58-66) 61 (57-67) 0.041 57 +7 57 +7 NS
LVESd, mm 49 (43-54) 49 (43-55) NS 50 (44-54) 50 (44-56) NS 45(39-52)  43(40-47) NS
E/A ratio 0.80 0.77 0.061 0.79 0.77 NS 1.08 £0.56 0.95 040 NS

(0.65-1.44) (0.67-1.20) (6.4-1.45) (0.63-1.22)

sPAR mmHg 35 (29-43) 35 (28-40) NS 35 (27-43) 35 (27-40) NS 33(30-38) 31(30-43) NS
LVER% 31 +7 328 0.030 317 31 +7 NS 33(26-38) 35(32-40) 0.005

Data are presented as mean = SD or median (interquartile range) as appropriate.

Abbreviations: Al, apnea index; E/A, early-to-late ventricular filling velocity ratio; LVED, left ventricular end-diastolic diameter; LVEF, left ventricular
ejection fraction; LVESd, left ventricular end-systolic diameter; SBT, slow breathing training; others, see TABLE 1

FIGURE 2 Changes in 580 -~ =& group | (P = 0.045)
the 6-minute walk test group Il (P <0.001)
(6MWT) distance
between study phases 560
and treatment sequences;
group |, started with slow a
breathing training; group 540
1l, started with standard
care; data presented as
mean + standard error 520 |
a significant differences T
g 500 - a =
=
© 480
4 a
460
440
420 1
400 . . :
baseline after 12 weeks final

In our study, we demonstrated that SBT led  ble effect on respiratory muscles.?? Our results
to a significant increase in LVEF in patients with ~ are consistent with the results of the study by
CHF. This improvement might be the result of  Parati et al,’ although in the current study the in-
increasing the sensitivity of baroreceptor reflex  crease in LVEF was less pronounced (Parati et al’
and respiratory mechanics itself,’ with a possi-  reported an increase in LVEF from 32% +6% to
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39% +9%). Similarly, in our population, we did
not show a positive effect of SBT on the reduc-
tion of sPAP. These results differ from the results
of the pilot study, where sPAP decreased from 49
+17 mmHg to 38 +9 mmHg after 10 weeks of SBT.

These discrepancies could be explained by
the fact that the pilot study included patients
with significantly higher baseline sPAP values:
the baseline condition of more severely impaired
pulmonary hemodynamics could have amplified
a potentially favorable effect of slow breathing,
less evident in the current study.? On the other
hand, the controlled design of our study might
also have reduced the foreseeable bias of a small
uncontrolled study. Indeed, our data are in agree-
ment with the results of a study by Fox et al* in
patients with pulmonary hypertension, in whom
6 weeks of exercise training led to a significant im-
provement in the BMWT distance despite non-
significant changes in echocardiography param-
eters such as stroke volume and sPAP. Interest-
ingly, the benefits in terms of LVEF improvement
were mostly evident in female participants and in
those with clinically milder CHF. Sex differences
in response to exercise training in patients with
CHF were previously reported by Pina et al,”® who
found greater benefits (measured by peak oxygen
consumption and 6MWT) in women than in men
with CHE. Although in our sample there was no
significant difference between men and women in
terms of a change in the BMWT distance, the find-
ing of improved LV function after SBT restrict-
ed to female sex may further support the useful-
ness of rehabilitation techniques in this group.

Sleep-disordered breathing is commonly seen
in systolic and diastolic heart failure. Sleep ap-
nea comprises several forms of sleep-disordered
breathing. Although the pathophysiology of cen-
trally driven apneas differs considerably com-
pared with that of obstructive sleep apnea, they
share multiple consequences. The differential di-
agnosis of the 2 forms of sleep apnea is based on
polysomnographic studies where the presence or
absence of respiratory movements distinguishes
obstructive from central episodes. Apparently,
there is a dose-dependent relationship between
sleep disorders and the severity of heart failure,
with a gradual increase in central sleep apnea
occurrence along with the progression of cardi-
ac failure."

In our study, the AHI score equaled 6.6 (in-
terquartile range, 2.6-14.2) at baseline. Never-
theless, the use of SBT resulted in an overall im-
provement in breathing stability during sleep as
the AHI modestly decreased after active treat-
ment (TABLE 2).

We observed a trend towards a reduced num-
ber of central apneas and hypopneas (P = 0.16),
whereas no change was observed in obstructive
episodes. Arguably, the absolute benefit in terms
of improvement in sleep-disordered breathing was
modest (the median central apnea index values
equal to 0 derived from a highly skewed distribu-
tion of this variable with numerous participants

having no central apneas). This was probably due
to the fact that our intervention was not specifi-
cally aimed at reducing the burden of sleep apne-
as but rather at assessing clinical effects of SBT in
arepresentative group of CHF patients followed
in rehabilitation programs. Therefore, study par-
ticipants had on average relatively mild CHF with
good functional performance (79% of patients
were classified as NYHA class II or lower), were in
stable conditions, and had only modestly elevat-
ed body mass index (median, 26.4 kg/m?). There-
fore, since the prevalence of both central and ob-
structive sleep apneas was low, the conceivable
benefits of SBT were limited. Also in this case
we observed a difference between sexes; howev-
er, contrary to what was observed for the chang-
es in LVEF, an improvement in central apneas was
only evident in male participants, possibly due to
a higher central apnea index at baseline.

The finding of the higher rate of central apne-
as in men is in line with an increase in the prev-
alence of central apneas in patients with CHF?®
and in healthy subjects exposed to high altitude
where central apneas are common.?’ As a conse-
quence of our findings, we believe that a study in-
cluding specifically a sample of patients with CHF
and sleep-disordered breathing would be justified.
Considering that an optimization of heart failure
treatment may alleviate central sleep apnea,?®?°
and in the wake of recent controversies regard-
ing whether or not central sleep apnea should
be specifically targeted in heart failure patients,
a new therapeutic option targeting the patho-
physiological basis of central apneas might be of
particular interest.

In our previous analyses, we did not show sig-
nificant changes in blood pressure values after
SBT.? The RESPeRATE device has been success-
fully used to lower blood pressure in patients
with hypertension. The lack of significant chang-
es in blood pressure values in the studied group
could be attributed to low prevalence of elevat-
ed blood pressure.

Our data showed an improvement in exercise
capacity in the EMWT after SBT. According to
current guidelines, the 6MWT is easy to admin-
ister and provides strong indications for measur-
ing the response to medical intervention in pa-
tients with heart failure.”’ In ambulatory patients
with systolic heart failure, EBMWT provides prog-
nostic utility comparable to that of cardiopulmo-
nary exercise tests, which is the gold standard for
the assessment of exercise capacity in this group
of patients.®®

The improvement in physical capacity on
the basis of the bicycle cardiopulmonary exer-
cise test in patients with heart failure treated
with monthly respiratory training was reported
by Bernardi et al." After 1 month of respirato-
ry muscle training, Mancini et al*' found an im-
provement in exercise capacity based on the re-
sults of the 6MWT. Thus far, only the pilot study
by Parati et al, which had similar duration and
the same protocol as our study with the use of
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the RESPeRATE device, showed an improvement
in exercise capacity based on the bicycle cardio-
pulmonary test.® The meta-analysis by Monte-
mezzo et al*? of all studies on the use of respira-
tory rehabilitation in patients with heart failure
confirms its beneficial effects on physical per-
formance and usefulness in clinical practice, al-
though it should be emphasized that the number
of these studies is low.

Our study has several strengths. First, the re-
spiratory profile after SBT with RESPeRATE had
never been tested previously; second, the sam-
ple size was larger than in most previous stud-
ies®!; third, the controlled design and the use
of a device designed for SBT (and approved by
the Food & Drug Administration for blood pres-
sure lowering) followed a standardized exercise
protocol. Furthermore, this device implements
a series of features that make the exercise eas-
ier for the patient, including the individualized
acoustic guidance of breathing frequency, which
results in its gradual reduction, and visual feed-
back on the exercise performance. This is impor-
tant as self-maintenance of a constant number of
breaths by the patient is a difficult task, and rig-
id breathing pacing could have a negative effect
on exercise performance.

There are also a few limitations. First, the ma-
jority of enrolled patients were in NYHA class II,
thus the information on the tolerability and effi-
cacy in more severe CHF is limited. Second, since
for practical reasons we implemented a crossover
rather than a parallel-group design, there might
have been a carryover effect; however, the lack
of interaction of the intervention sequence with
the observed changes suggests that such an ef-
fect was not relevant. Third, a strict supervision
of exercise quality in patients’ homes was not
performed, and the observed effect might have
been diluted by participants who were not com-
pliant with the training. Fourth, we did not as-
sess breathing pattern during daytime and there-
fore have no data on the presence of central ap-
neas in the awake period.* Finally, we could not
exclude the possible influence of comorbidities
(eg, diabetes, hypertension) or drugs on the re-
sults, although pharmacotherapy was kept sta-
ble during the study.

In conclusion, in patients with stable chronic
systolic heart failure, SBT improved physical ca-
pacity and systolic left ventricular function, with
a tendency to attenuate sleep disturbances, main-
ly central apnea. The latter results support the hy-
pothesis that central sleep apnea may represent
a consequence of heart failure or an adaptation
mechanism to the complex neurohormonal ab-
normalities observed in these patients. We be-
lieve that device-guided SBT may be successfully
implemented as a home-based rehabilitation tool
in patients with CHE, leading to improvements
in their clinical status and breathing patterns.
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Abstract

Introduction: Renal denervation (RD) has been shown to decrease sympathetic function in patients with hypertension. Its ef-
ficacy in symptomatic chronic heart failure (CHF) patients not responding to cardiac resynchronization therapy (CRT) has not been
evaluated.

Aim: To assess whether a less invasive treatment method — renal denervation — is safe in symptomatic heart failure patients
despite optimal medical treatment and resynchronization therapy and whether it is associated with an improvement in clinical
status, exercise capacity and hemodynamic parameters.

Material and methods: The study was an open-label, randomized, controlled clinical trial. Patients were divided into an inter-
vention (RD) and a control group. Clinical data collection, blood pressure (BP) measurements, echocardiography, 6-minute walk test
(6MWT) and laboratory tests were performed before, 6 and 12 months after RD. The patients were followed-up to 24 months.

Results: We included 20 patients aged 52.0 to 86.0 years (median age: 71.5 years), 15 males and 5 females with median left
ventricular ejection fraction (LVEF) of 32.5%, body mass index 31.3 kg/m?. Renal denervation was safe, no significant adverse effects
were registered. There were no significant differences in LVEF, BR 6MWT and N-terminal prohormone of brain natriuretic peptide
(NT-proBNP) concentration 6 and 12 months after RD or control.

Conclusions: Our results indicate that RD in CHF patients not responding to CRT is safe and does not worsen exercise capacity
and hemodynamic parameters.

Key words: chronic heart failure, cardiac resynchronization therapy, renal denervation.

Summary

Renal denervation (RD) in symptomatic chronic heart failure patients not responding to cardiac resynchronization therapy
has not been evaluated. In our patients RD was safe, no serious adverse effects were registered. We detected no significant re-
lation between renal artery denervation and clinical status, exercise capacity and hemodynamic parameters in optimally treated
heart failure patients with systolic blood pressure over 110 mm Hg. Renal denervation was a safe procedure in this population.

progress in treatment of these predisposing diseases

Introduction the mortality rate of CHF patients has only slightly im-

Currently, due to advances in treatment, we observe
an increase in life expectancy in patients with hyper-
tension and coronary artery disease. These diseases are
among the leading causes of heart failure development
and, as a result of better survival rate and longer lifes-
pan in these patients, chronic heart failure (CHF) is in-
creasing in prevalence [1-3]. Despite the unquestionable

proved in recent years [4]. Cardiac resynchronization
therapy (CRT) — a method of heart stimulation — was
introduced into the treatment of heart failure almost
20 years ago [5]. The CRT is used in symptomatic patients
with advanced stages of heart failure, despite optimal
pharmacological therapy, with accompanying intraven-
tricular conduction block. It is one of the most promis-
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ing therapies, with a confirmed beneficial effect on heart
failure outcomes [6]. However, there still remains a group
of patients in which CRT it is not effective. About one
third of patients who receive CRT do not have a mean-
ingful clinical improvement. The reasons for this are
complex and still not fully understood [7]. To date in this
group of patients only left ventricular assist devices and
heart transplant remain possible therapeutic modalities,
but the accessibility of these methods is still insufficient.

Aim

We aimed to assess whether a less invasive treat-
ment method - renal denervation — is safe in symp-
tomatic heart failure patients despite optimal medical
treatment and resynchronization therapy and whether
it is associated with an improvement in clinical status,
exercise capacity and hemodynamic parameters.

Material and methods

Study design

The study was conducted as an open-label, prospec-
tive, randomized, controlled clinical trial where patients
were assigned to an intervention group undergoing the
renal denervation procedure and a control group with no
intervention based on the results of coin toss. Peripheral
blood pressure (BP) measurements, transthoracic echo-
cardiography, 6-minute walk test (6MWT), renal function
assessment and biochemistry were performed at base-
line and after 6 and 12 months. The patients were fol-
lowed-up to 24 months. Optimal pharmacotherapy ac-
cording to current European Society of Cardiology (ESC)
guidelines was kept constant throughout the study [1, 2].
The echocardiographic optimization of atrioventricular
and interventricular delay in CRT was performed for each
patient before the study.

Ethics

The study was performed in accordance with the
1975 Declaration of Helsinki for Human Research and
approved by the Jagiellonian University Bioethical Com-
mittee. Patients were included only if they gave their in-
formed consent. The study is registered in the ClinicalTri-
als.gov repository (id: NCT02329145).

Study population

Adult CHF patients who met the following criteria
were enrolled in this study: NYHA class II-1V; implanted
resynchronization pacemaker according to current Eu-
ropean guidelines at least 6 months prior to inclusion;
persistent symptoms, defined as a lack of improvement
in subjective dyspnea or exercise tolerance, despite sta-
ble pharmacological treatment over the previous 4 weeks
(with ACE inhibitor and B-blocker unless contraindicat-
ed) and optimal biventricular (BIV) pacing (no less than
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98% of paced QRS complexes); left ventricular ejection
fraction (LVEF) equal to or lower than 35% in echocar-
diographic assessment prior to CRT implantation; es-
timated glomerular filtration rate (eGFR according to
Modification of Diet in Renal Disease (MDRD) formula
> 30 ml/min/1.73 m?).

We excluded patients with renal artery anatomy not
eligible for denervation (< 4 mm diameter, < 20 mm in
length) [8]; history of prior renal artery intervention; sin-
gle functioning kidney; systolic BP < 110 mm Hg; acute
coronary syndrome or cerebrovascular event within last
3 months; serious medical conditions which may adverse-
ly affect safety such as significant peripheral vascular
disease, abdominal aortic aneurysm, bleeding disorders
(thrombocytopenia, hemophilia, or significant anemia) or
pregnancy.

Renal denervation

Patients in the treatment group underwent renal ar-
tery denervation performed by an endovascular cathe-
ter-based approach in order to disrupt renal sympathetic
nerves. A Symplicity radiofrequency renal-denervation
catheter (Medtronic) was used. The central artery tree
and renal artery were accessed by the femoral artery. The
catheter was connected to a radiofrequency (RF) genera-
tor and multiple RF applications were performed in order
to disrupt renal sympathetic nerves. We performed up
to six radiofrequency ablations of up to 2 min duration
that were separated both longitudinally and rotationally
within each renal artery. Renal evaluations using duplex
scan were performed in order to exclude baseline reno-
vascular abnormalities and possible complications of the
procedure, the main one being renal artery stenosis [8].

Peripheral blood pressure measurement

Office BP measurement was performed according
to standards of the Polish Society of Hypertension [9].
Twenty-four-hour peripheral blood pressure monitoring
was performed with the SpacelLabs 90207 monitor (Red-
mond, WA, USA). BP measurements were performed dai-
ly every 15 min (6 a.m. to 22 p.m.) and every 30 min at
night (22.00 p.m. to 6.00 a.m.). Based on the acquired
recordings mean values for systolic, diastolic blood pres-
sure was calculated for 24 h, day and night time.

Echocardiography

Echocardiography was performed using the Vivid
7 Pro (General Electric, Fairfield, USA), with a 2.5 MHz
probe by a single experienced operator who was blinded
to the patients’ allocation to experimental groups. Mea-
surements were assessed according to the European So-
ciety of Echocardiography standards [10]. Left ventricle
mass was calculated using the Devereux formula [10].
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Six-minute walk test (6MWT)

The 6-minute walk test was performed in patients af-
ter a 10-minute, seated rest period. Patients were asked
to march at their own pace, on a flat and level surface
in an empty corridor. Patients were informed about the
progress of the test on a regular basis; at the end of the
6-minute period, the total distance walked was mea-
sured. At baseline and after the test blood pressure and
oxygen saturation were also measured [11].

Biochemistry

Biochemical parameters such as serum N-terminal
prohormone of brain natriuretic peptide (NT-proBNP),
creatinine (with the calculation of eGFR) and electrolytes
were measured.

End points of the study

Primary end points were: 1) number of hospital-
izations due to heart failure worsening within 1 year;
2) change in NYHA class within 1 year; 3) change in
6-minute walk test distance within 1 year. Additionally
we evaluated the change in LVEF, BP values and NT-proB-
NP concentrations.

Safety

Safety parameters included death, stroke, myocardial
infarction, renal artery stenosis or dissection, pseudoan-
eurysm at the femoral access site, bleeding, and reduc-
tion in eGFR.

Statistical analysis

All data were analyzed using the Statistica PL v.12.0
software. Categorical variables are reported as percentag-
es and continuous variables as median and interquartile
ranges when data distribution differed from the normal.
The %2 tests were applied to all categorical variables. For
continuous variables, the Mann-Whitney test, the t-test
for paired samples or the Wilcoxon matched pairs test
was used. Effects for which the p-value was lower than
the assumed level of significance a. = 0.05 (p < 0.05) were
considered significant.

Results
Patient cohort

We screened 24 patients for being eligible for inclu-
sion. In 4 patients in abdominal computed tomography
we found tumors with suspicion of malignancy. These
patients were excluded from the study [12]. Twenty pa-
tients aged 52.0 to 86.0 years (median age: 71.5 years),
15 males and 5 females with median LVEF of 32.5%,
in NYHA class Il and Ill, median body mass index (BMI)
31.3 kg/m? were randomized. Secondary forms of car-
diomyopathy were the most prevalent causes of CHF —
12 (60%) patients had ischemic cardiomyopathy. Eight
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(40%) patients had dilated cardiomyopathy of unknown
etiology. The median QRS complex duration prior to
CRT implantation was 150 ms and after the procedure
120 ms. Nineteen (95%) patients had left bundle branch
block morphology and 1 patient had right bundle branch
block. The median LVEF prior to CRT implantation was
27%. The clinical characteristics of enrolled patients are
shown in Table | separately for the intervention and con-
trol groups. There were no significant differences in base-
line characteristics according to group assignment.

The mean total time of denervation was 661 +65 s
for the right and 668 +84 s for the left renal artery. The
reduction of tissue resistance during ablation was 14.36
+2.53 and 13.89 +1.89%, respectively.

Primary endpoints

During 12 months of observation 3 patients in the
RD group and 2 in the control group were rehospital-
ized due to decompesation of heart failure (p = NS)
whereas during 24 months of observation 4 patients
inthe RD and 5 patients incontrol group were rehospi-
talized (p = NS).

In the intervention group during 12 months of obser-
vation two patients improved from NYHA class Il to II.
In the control in 12 months 1 patient deteriorated from
class Il to Ill. The changes in NYHA class are presented in
Figures 1 and 2.

The median change in 6MWT distance in the RD
group was bigger compared to the control group, but it
did not reach statistical significance (+38.0 (=50.0; +90.0)
vs. 0.0 (-100.0; +40.0) m, p = 0.212).

Secondary endpoints

Table Il reports the changes in main clinical variables
6 and 12 months after renal denervation or allocation
to the control group. We did not observe any significant
changes in median heart rate, office blood pressure val-
ues, 6MWT distance or NT-proBNP concentrations.

Safety results

Renal denervation was safe, the procedure was done
without complications in all of the patients and no sig-
nificant periprocedural adverse effects (e.g. renal artery
stenosis or dissection, pseudoaneurysm at the femoral
access site, bleeding) were observed. After 6 and 12
months of observation we did not observe significant
changes in eGFR in either the intervention or the control
group. No patient developed renal-related symptoms.

In 2-year follow-up 1 (5%) patient from the interven-
tion group (10%) died of an unknown cause. What could
have influenced the death is the fact that he discontinued
the vitamin K antagonist despite indications (persistent
AF and self-contrast of blood in echocardiography). After
the 2-year follow-up we received information about the
second death of a patient from the intervention group.

Advances in Interventional Cardiology 2019; 15, 2 (56)
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There were no strokes or myocardial infarctions during
the course of the study.

Discussion

To the authors’ knowledge this is the first report of
a randomized controlled trial examining the role of renal
denervation in patients with symptomatic heart failure
with reduced ejection fraction not responding to resyn-
chronization therapy. We found that the procedure of
RD in patients with CHF is safe as no long-term adverse
events resulted from the intervention. Especially, we did
not observe any cases of renal artery stenosis or aneu-
rysm. Furthermore, we observed no significant impair-
ment of renal function according to the estimated glo-
merular filtration rate.

Table I. Baseline characteristics of study participants

Tomasz Drozdz et al. Renal denervation in patients with HF

The activation of the sympathetic nervous system
is one of the pathomechanisms responsible for the de-
velopment and progression of heart failure. In chronic
heart failure increased activity of the sympathetic and
decreased activity of the parasympathetic system are
present [13]. Based on previous studies involving renal
denervation in patients with resistant hypertension,
a decrease in the excessive activity of the sympathetic
nervous system in heart failure patients after renal de-
nervation might be expected [14]. This knowledge has
generated an interest in renal denervation including
catheter-based procedures as an attractive therapeutic
approach in the therapy of resistant hypertension. Prima-
ry clinical data from two big trials — Symplicity HTN-1 and
HTN-2 — demonstrated that catheter-based renal sympa-

Parameter All (n = 20) Denervation (n = 10) Control (n = 10) P-value
NYHA Class 3.0 (2.0-3.0) 3.0 (3.0-3.0) 2.5 (2.0-3.0) NS
Age [years] 71.5 (67.5-78.0) 75.0 (65.0-81.0) 71.0 (70.0-76.0) NS
Sex, male, n (%) 15 (75) 8 (80) 7 (70) NS
BMI [kg/m?] 31.3 (29.2-35.6) 31.1(29.5-32.0) 32.1(26.2-37.7) NS
LVEF prior to CRT (%) 27.0 (22.0-33.5) 27.5 (22.0-35.0) 27.0 (25.0-32.0) NS
LVEF at RD (%) 32.5 (27.5-37.5) 33.5 (30.0-40.0) 32.0 (25.0-36.0) NS
Heart rate [/min] 70 (63.0-75.0) 64.0 (61.0-75.0) 70.0 (64.0-75.0) NS
Office SBP [mm Hg] 125 (120-137) 124 (120-130) 132 (120-153) NS
Office DBP [mm Hg] 74 (70-80) 73 (70-80) 74 (70-78) NS
24 h SBP [mm Hg] 111 (102-118) 113 (100-118) 111 (102-119) NS
24 h DBP [mm Hg] 63 (55-68) 59 (56-68) 65 (54-69) NS
6MWT distance [m] 330 (270-415) 320 (240-330) 380 (300-440) NS
NT-proBNP [pg/ml] 1116 (491-2132) 1116 (445-1878) 1148 (537-2387) NS
HbA, (%) 6.1(5.8-6.4) 63(6.0-6.5) 5.8 (5.6-6.4) NS
Infarction, n (%) 8 (40) 5 (50) 3(30) NS
Diabetes, n (%) 9 (45) 5 (50) 4 (40) NS
Hypertension, n (%) 15 (75) 7 (70) 8 (80) NS
History of stroke, n (%) 3 (15) 1(10) 2(20) NS
Hypercholesterolemia, n (%) 17 (85) 8 (40) 9 (45) NS
CKD, n (%) 6 (30) 4 (40) 2 (20) NS
CABG, n (%) 1(5) 0(0) 1(10) NS
PCl, n (%) 4 (20) 4 (40) 0(0) NS
AF, n (%) 16 (80) 8 (80) 8 (80) NS
B-Blocker, n (%) 20 (100) 10 (100) 10 (100) NS
ACEI/ARB, n (%) 17 (85) 8 (80) 9 (90) NS
MRA, n (%) 17 (85) 8 (80) 9 (90) NS
Diuretic, n (%) 19 (95) 9 (90) 10 (100) NS
Digoxin, n (%) 5(25) 1(10) 40 (40) NS

Values presented as median (interquartile range) or percentage. BMI — body mass index, LVEF - left ventricular ejection fraction, CRT — cardiac resynchronization
therapy, RD — renal denervation, SBP — systolic blood pressure, DBP — diastolic blood pressure, SMWT — 6-minute walk test, NT-proBNP — N-terminal prohormone
of brain natriuretic peptide, HbA, — glycated hemoglobin, CKD — chronic kidney disease, CABG — coronary artery bypass graft, PCl — percutaneous coronary inter-
vention, AF - atrial fibrillation, ACEl — angiotensin-converting enzyme inhibitor, ARB — angiotensin receptor blocker, MRA — mineralocorticoid receptor antagonist,

NYHA — New York Heart Association.
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Figure 1. Changes in New York Heart Association Figure 2. Changes in New York Heart Association
(NYHA) class in the denervation group (NYHA) class in the control group
Table II. Change in clinical variables at baseline and after 6 and 12 months
Parameter From baseline to 6" month From baseline to 12" month
RD Control P-value RD Control P-value
(n=10) (n =10) (n=10) (n=10)
LVEF (%) 0.0 (0.0-3.0) 2.0 (0.0; 7.0) NS 0.0 (-3.0; 7.0) 2.0 (-3.0;8.0) NS
Heart rate [/min] -1.5 (-4.0; -1) 1.0 (0.0-5.0) NS 1.0 (-3.0; 4.0) 4.5 (2.0; 6.0) NS
Office SBP [mm Hg] -1.0 (-4.0; 20.0) 0.0 (-13.0; 15) NS 17.5 (10.0-28.0) -5.0 (-16.0; 22.0) NS
Office DBP [mm Hg] 0.0 (-2.0; 14.0) 0.0 (-5.0; 3.0) NS 8.0 (2.0-18.0) 1.5 (-1.0; 5.0) NS
24 h SBP [mm Hg] 3.0 (-9.0; 15.0) -9.0 (-15.0; 5.0) NS 7.5 (6.0; 17.0) -1.5 (-8.0; 3.0) NS
24 h DBP [mm Hg] 5.0 (-1.0; 9.0) -3.0 (-9.0; 7.0) NS 4.5 (3.0; 10.0) 2.5 (-6.0; 6.0) NS
6MWT distance [m] 20.0 (0.0;90.0) 2.0 (-20.0; 60.0) NS 38.0 (-50.0; 90.0) 0.0 (-100.0; 40.0) NS
NT-proBNP [pg/ml] 31 (-450; 906) —69 (-347; 48) NS -11(-1059; 462) 211 (-22; 735) NS
eGFR [ml/min/1.73 m?]  0.70 (-6.0;17.1) 0.6 (-11.2; 14.8) NS —4.1(7.9;0.0) 0.4 (-7.4;6.7) NS

Values presented as median (interquartile range). RD — renal denervation, LVEF - left ventricular ejection fraction, SBP - systolic blood pressure, DBP - diastolic blood

pressure, 6MWT — 6-minute walk test, eGFR — estimated glomerular filtration rate.

thetic denervation can be safely used to reduce blood
pressure within 24 months’ observation [15, 16]. How-
ever, the results of the Symplicity HTN-3 trial have not
confirmed the blood-lowering effect of renal denervation
[17]. However, several factors had a substantial impact
on the results of the HTN-3 trial [18]. Later studies, like
the multicenter, international, single-blind, randomized,
sham-controlled SPYRAL HTN-OFF MED study showed
in 80 patients a significant reduction in both office and
24-h ambulatory blood pressure values in the interven-
tion group with no effect in the control group. There were
no major adverse events in either group [19].

Renal denervation studies in hypertension have
shown a positive effect of RD on cardiac remodeling such
as a reduction in left atrial volume index [20], reduction
in mean interventricular septum thickness, LV mass in-
dex (LVMI) and LV filling pressures and an increase in
LVEF [21 22].

There have been several studies that evaluated the
effect of renal denervation in patients with CHF. One
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such study is the REACH study, which showed that RD
in patients with CHF is safe. No episodes of syncope,
hypotension or other significant hemodynamic dys-
function were recorded during the acute phase after
RD and renal function remained stable. Furthermore,
6 months after RD a non-significant blood pressure re-
duction and an improvement in 6-minute walk distance
(A=27.1+9.7 m, p = 0.03) were observed [23]. According
to current guidelines, 6MWT is easy to administer and
provides strong indications for measuring the response
to medical intervention in patients with heart failure
[11]. In ambulatory patients with systolic heart failure,
6MWT provides prognostic utility comparable to cardio-
pulmonary exercise tests, which is the gold standard for
the assessment of exercise capacity in this group of pa-
tients [24]. In our study we found a non-significant im-
provement in 6MWT in patients 6 months after RD (320
(240; 330) vs. 335 (280; 360) m, p = NS).

In a randomized, controlled pilot study by Chen
et al. 60 symptomatic patients with CHF and reduced

Advances in Interventional Cardiology 2019; 15, 2 (56)
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EF (< 40%) were randomized to RD plus optimal med-
ical therapy (OMT) or only OMT. Throughout the study
no severe adverse events were observed. Blood pressure
was stable in both groups. Patients 6 months after RD
showed a significant improvement in LVEF (31.1 +5.7 vs.
41.9 +7.9%, p < 0.001) and 6-minute walk test distance
(285.5 +84.3 vs. 374.9 +91.9 m, p = 0.043) and quali-
ty of life. NT-proBNP after RD was significantly reduced
(p < 0.001). No significant changes in estimated glomeru-
lar filtration and no renal complications were found [25].
Compared to our study, the patients examined by Chen
et al. were significantly younger, with less prevalent isch-
emic etiology and no stimulation.

Gao et al. in a study on 14 patients with CHF and ejec-
tion fraction < 45%, who received bilateral RD, observed,
6 months after the procedure, a significant increase
in 6MWT distance (152.9 +38.0 vs. 334.3 +94.4 m, p <
0.001) and EF (36.0 +4.1 vs. 43.8 +7.9%, p = 0.003). On
the other hand, systolic BP decreased from 138.6 +22.1
to 123.2 £10.5 mm Hg (p = 0.026) and diastolic BP from
81.1 +11.3 to 72.9 £7.5 mm Hg (p = 0.032). The authors
did not observe adverse results or worsening of renal
function. However, one of the limitations of this study
was the lack of a control group [26].

The RDT-PEF study aimed at assessing the effect of
RD with the Symplicity catheter vs standard therapy on
several clinical parameters (Minnesota Living with Heart
Failure Questionnaire score, peak oxygen uptake (VO,)
on exercise, BNP E/e’, LA volume index or LV mass index).
Due to recruitment difficulties, the study was terminated
afterinclusion of only 25 patients and was underpowered
to detect whether RD influenced the defined endpoints.
Changes in eGFR were comparable in the two groups, but
2 patients required balloon angioplasty during the RD to
treat renal artery wall edema [27].

In a study by Hopper et al. on 40 HF patients RD
was associated with small reductions in NT-proBNP and
120-minute glucose tolerance at 12 months with no
RD-associated adverse effect, except for 1 case of renal
artery occlusion [28].

These previously described beneficial effects of RD on
BP may also extend to the preservation of renal function.
Kiuchi et al. reported beneficial effects of RD in 24 patients
with chronic kidney disease and refractory hypertension
on kidney function. A significant improvement in eGFR
(85.4 £34.9 vs. 64.4 +£23.9 ml/min/1.73 m?, p < 0.0001)
and a decrease in the median urine albumin/creatinine
ratio (15.7 (10.3-34.2) vs. 48.5 (35.8-157.2) mg/g, p =
0.0017) at 6 months of follow-up were present [29]. There
were also reports of a reduction in albuminuria after RD in
patients with resistant hypertension [30]. Furthermore,
a reduction in Doppler sonographic renal resistive index,
which reflects systemic and renal hemodynamics, has
been associated with progression of renal impairment
and which could be a potential noninvasive predictor of
lack of response to RD, has been observed [31]. In our

Advances in Interventional Cardiology 2019; 15, 2 (56)

34

Tomasz Drozdz et al. Renal denervation in patients with HF

study we observed a non-significant increase in eGFR
after RD proving its safety in CHF patients in regard to
renal function. Unfortunately we did not evaluate micro-
albuminuria.

Throughout the study one of the patients from the in-
tervention group died of an unknown cause at home. We
could not associate the death with the procedure of RD,
as no acute and follow-up disturbances have been noted.
The studied population consisted of patients with severe
heart failure that did not respond to optimal pharmaco-
and electrotherapy and the worsening of the underlying
disease was the most probable cause of death.

Our study has several strengths. Firstly, it is the first
study regarding renal denervation in patients with CHF
not responding to CRT. To date, there have been several
ongoing studies concerning RD in CHF, but there are no
studies evaluating this intervention in severe stages of
CHF that do not benefit from CRT. So far in this scientific
area only limited data are available. Thus the above study
has a pilot character.

There are also a few limitations. First, the small num-
ber of patients may have resulted in the study being
underpowered to show significant change in evaluated
parameters. One may speculate that RD could counter-
act the progression of CHF in these patients. Thus, the
observed improvement in exercise capacity was small and
did not reach statistical significance. Second, the use of
a single-electrode catheter might have led to an inability
to create a circumferential lesion effortlessly, which un-
fortunately cannot reliably be assessed during the proce-
dure. In a 2017 position paper on the autonomic nervous
system as a therapeutic target in heart failure from the
Translational Research Committee of the Heart Failure
Association of the ESC the use of such catheters is dis-
couraged. However, when the protocol of this study was
created and introduced, newer catheters and the afore-
mentioned data were not yet available [32]. Furthermore,
despite the increase in CRT implantation in recent years,
the population of patients with this device who are eligi-
ble for RD is still limited due to hypotension or atheroscle-
rosis of renal arteries. The lack of a sham procedure also
limits the power of the results.

Conclusions

We detected no significant relation between renal ar-
tery denervation and clinical status, exercise capacity and
hemodynamic parameters in optimally treated heart fail-
ure patients with systolic blood pressure over 110 mm Hg.
Renal denervation was a safe procedure in this popula-
tion.
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6. Wyniki
Publikacja 1

Przebadano grupe czterdziestu pacjentdw z niewydolnoscig serca z obnizong frakcjg
wyrzutowg lewej komory (left venticular ejection fraction, LVEF). Pacjentow randomizowano
do dwoch grup: rozpoczynajacej od treningu wolnego oddychania (slow breathing training,
SBT) oraz rozpoczynajacej od braku interwencji, nast¢gpnie zamieniano grupy (cross-over).
Kazda faza badania trwata 10-12 tygodni. Oceniano wplyw SBT z uzyciem urzadzenia
RESPeRATE na zmiany ci$nienia tgtniczego, cz¢stos$¢ hipotonii ortostatycznej (OH) oraz zmiang
jakosci zycia (QoL). OH zdefiniowano jako spadek cisnienia skurczowego krwi 0 > 20 mmHg
lub rozkurczowego 0 > 10 mmHg w ciggu 3 minut stania. QoL byta oceniana kwestionariuszem
Minnesota. Cze¢stos¢ OH byta niska i nie zmienita si¢ w trakcie badania (10% vs 10%). W grupie

rozpoczynajacej od SBT obserwowano spadek wyniku w MLHF (49,7 vs 46,1 pkt; p=0,002).

Publikacja 2
Przebadano 96 pacjentdow z NS z obnizong LVEF. Oceniano wptyw SBT na wydolno$¢

wysitkowg, parametry hemodynamiczne 1 wzorce oddechowe podczas snu w badaniu
naprzemiennym (10 do 12 tygodni SBT z uzyciem urzadzenia RESPeRATE i, odpowiednio,
kontroli). SBT byt bezpieczny. Po treningu poprawity si¢ LVEF (31,3% £ 7,3% vs 32,3% +
7,7%; p=0,030), a takze dystans w teScie 6-minutowego marszu (449,9 + 122,7 m vs 468,3 +
121,9 m; p <0,001). Zmniejszyt si¢ takze wskaznik bezdechow i sptycen oddechéw (mediana 5,6

[rozstep migdzykwartylowy (IQR), 2,1; 12,8] vs. 5,4 [IQR, 2,0; 10,8]; p=0,043).

Publikacja 3

U pacjentéw z objawowg przewlekta NS z obnizong LVEF nie odpowiadajacych na
terapi¢ resynchronizujgcg oceniano, czy denerwacja tetnic nerkowych jest bezpieczna i czy
prowadzi do poprawy stanu klinicznego, wydolnosci wysitkowe] 1 parametrow

hemodynamicznych. 20 pacjentow zrandomizowano 1:1 do interwencji (RDN) i grupy
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kontrolnej. Denerwacja tetnic nerkowych byta bezpieczna, nie stwierdzono istotnych dziatan
niepozadanych. Nie bylo istotnych roéznic pomigdzy grupami w zakresie frakcji wyrzutowe;j
lewej komory, warto$ci cisnien, dystansu w tescie 6-minutowego marszu czy stezeniach NT-

proBNP po 12 miesigcach.
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7. Wnioski

W Publikacji 1 potwierdzono bezpieczenstwo stosowania treningu wolnego oddychania
przy uzyciu urzagdzenia RESPeRATE w populacji pacjentow z niewydolnos$cig serca z obnizong
frakcja wyrzutowa w zakresie braku nasilenia zjawiska hipotonii ortostatycznej. Ponadto

stwierdzono tendencj¢ do poprawy jakosci zycia.

Zastosowanie treningu wolnego oddychania u pacjentow z NS z obnizong LVEF w
Publikacji 2 prowadzito do poprawy wydolnosci fizycznej (definiowanej jako dystans w teScie
6-minutowego marszu), poprawy czynnosci skurczowej lewej komory serca oraz do

zmniejszenia zaburzen oddychania w trakcie snu.

Denerwacja tetnic nerkowych u pacjentdow z objawowa NS nie reagujaca na terapi¢
resynchronizujacg oraz optymalng farmakoterapi¢ w Publikacji 3 byla bezpieczna, nie
prowadzita do pogorszenia wydolno$ci wysitkowej, parametrdw hemodynamicznych czy funkcji
nerek. Niestety, metoda ta nie przyniosta istotnej poprawy w zakresie najwazniejszych
parametroOw oceniajacych nasilenie niewydolno$ci serca. Z obserwacji nie wynika aby
zastosowanie denerwacji nerek moglo przynies¢ dodatkowe korzysci pacjentom z objawowa

przewlekta niewydolnoscig serca.

Wyniki powyzszych badan potwierdzaja korzysci plynace z treningu wolnego
oddychania jako nowego elementu programéw rehabilitacji krazeniowo-oddechowej u
pacjentdw z NS. Przydatnos$¢ techniki denerwacji tetnic nerkowych wymaga jednak dalszych

badan.
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8. Streszczenie pracy doktorskiej w jezyku polskim

Niewydolno$¢ serca (NS) staje si¢ coraz bardziej rozpowszechniong chorobg wraz ze
zwiekszaniem si¢ dlugosci zycia oraz skuteczniejszym leczeniem nadcisnienia tetniczego i
choroby wiencowej, jej wiodacych przyczyn. Leczenie NS, obok farmakoterapii obejmuje
metody niefarmakologiczne (m.in. rehabilitacje fizyczng) oraz inwazyjne. Istotne znaczenie
moga mie¢ zwlaszcza nowe metody niefarmakologiczne. Zaburzenia oddychania, takie jak
centralne bezdechy, czesto wystepuja w przebiegu zaawansowanej NS i swiadczg o gorszym
rokowaniu. Z drugiej strony zmniejszona w przebiegu treningu oddychania cz¢sto$¢ oddechow
moze mie¢ korzystny wplyw na prace ukladu sercowo-naczyniowego, zwlaszcza w
niewydolnosci serca. Samodzielne utrzymanie zmniejszonej czestosci oddechow jest jednak
trudne. Z pomocg moze przyj$¢ urzadzenia RESPeRATE, wspomagajace zwolnienie oddychania
poprzez sygnaty wizualne i akustyczne, ktore byto skuteczne w obnizaniu ci$nienia t¢tniczego w
przebiegu nadcisnienia. Do leczenia NS okoto 20 lat temu wprowadzono nowa metodg
stymulacji — terapie¢ resynchronizujaca (CRT). Wciaz jednak pozostaje grupa chorych, u ktorych
nie przynosi ona spodziewanych rezultatow i nie nast¢puje poprawa kliniczna, co moze miec¢
zwigzek z nadmierng aktywacja wspotczulnego uktadu nerwowego. Denerwacja tgtnic
nerkowych, metoda badana w leczeniu opornego nadci$nienia t¢tniczego moze natomiast

prowadzi¢ do zmniejszenia ogdlnoustrojowej aktywnosci uktadu wspotczulnego.

Celem pracy byta ocena bezpieczenstwa i wptywu na wydolno$¢ fizyczna, parametry
hemodynamiczne oraz jako$¢ Zycia u objawowych pacjentéw z NS z obnizong frakcja
wyrzutowa lewej komory: a) treningu wolnego oddychania (SBT); b) denerwacji tetnic

nerkowych (RDN) u pacjentéw z objawami NS pomimo terapii resynchronizujgcej (CRT).

W pierwszej pracy zbadano 40 pacjentdbw z NS z obnizong frakcja wyrzutowa lewe;j

komory (LVEF). Pacjenci naprzemiennie wykonywali SBT z uzyciem urzadzenia RESPeRATE
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lub stosowali tylko standardowg terapi¢ w fazach 10-12 tygodniowych. Oceniano wptyw SBT
na zmiany cisnienia t¢tniczego, czgsto$¢ hipotonii ortostatycznej (OH, spadek skurczowego o >
20 mmHg lub rozkurczowego cis$nienia tetniczego 0 > 10 mmHg w ciggu 3 minut stania) oraz
zmiang jakosci zycia (kwestionariusz Minnesota - MLHF). Czgsto§¢ OH byta niska i nie zmienita
si¢ w trakcie badania (10% vs 10%). W grupie rozpoczynajacej od SBT obserwowano poprawe

jakosci zycia - spadek wyniku w MLHF (49,7 vs 46,1 pkt; p=0,002)..

W drugiej pracy przebadano 96 pacjentow z NS z obnizong LVEF. Oceniano wptyw SBT
na wydolno$¢ wysitkowa, parametry hemodynamiczne i wzorce oddechowe podczas snu w
badaniu naprzemiennym (10 do 12 tygodni SBT z uzyciem urzadzenia RESPeRATE i,
odpowiednio, kontroli). SBT byt bezpieczny. Po treningu poprawity si¢ LVEF (31,3% + 7,3%
vs 32,3% £ 7,7%; P = 0,030), a takze dystans w tescie 6-minutowego marszu (449,9 + 122,7 m
vs 468,3 + 121,9 m; P <0,001). Zmniejszyt si¢ takze wskaznik bezdechéw i sptycen oddechow

(mediana 5,6 [rozstep migdzykwartylowy (IQR), 2,1; 12,8] vs. 5,4 [IQR, 2,0; 10,8]; P = 0,043).

W trzeciej pracy zbadano 20 pacjentéw w wieku od 52 do 86 lat, z objawowa, pomimo
terapii resynchronizujacej, NS, ktérych randomizowano do grupy ablacji tetnic nerkowych
(RDN) i kontrolnej. Srednia LVEF wyniosta 32,5%, badani byli w klasach NYHA 11 i 1.
Oceniano, czy RDN jest bezpieczna i czy prowadzi do poprawy stanu klinicznego, wydolnosci
wysitkowej 1 parametréw hemodynamicznych. Wykonano ocene uktadu autonomicznego,
echokardiografie, badanie jakosci zycia z zastosowaniem kwestionariusza Minnesota, test 6-
minutowego marszu, oceng funkcji nerek i wybrane badania biochemiczne (NT-proBNP). RDN
byta bezpieczna, nie stwierdzono istotnych dziatan niepozadanych. Nie bylo istotnych réznic

pomigdzy grupami w zakresie badanych parametréw po 12 miesiacach.

Wyniki badan potwierdzity, ze metoda domowej rehabilitacji oparta na treningu wolnego
oddychania jest bezpieczna i tatwa do stosowania przez pacjentéw i1 nie prowadzi do pogorszenia
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jako$ci zycia. Trening wolnego oddychania wptynat korzystnie na wydolno$¢ wysitkowa
mierzong dystansem marszu, funkcje skurczowa serca oceniang echokardiograficzne oraz
zmniejszyt liczbe zaburzen oddechowych w czasie snu, w tym wystepowanie epizodow
bezdechu centralnego. Wyniki dowodza, ze trening wolnego oddychania moze by¢ nowa metoda

niefarmakologicznego leczenia niewydolnosci serca.

Wedlug dost¢pnej wiedzy badanie bylo pierwsza proba oceny RDN u pacjentow z
wszczepionym CRT. Denerwacja nerek u pacjentow z przewlekla objawowa niewydolno$cig
serca leczong optymalnie farmakologicznie i z zastosowaniem terapii resynchronizujacej nie
przyniosta istotnej poprawy w zakresie najwazniejszych parametrow oceniajacych nasilenie
niewydolnos$ci serca. Sama procedura okazatla si¢ by¢ bezpieczna i nie powodowatla istotnego
spadku wartosci ci$nienia tetniczego krwi (objawowej hipotonii). Z obserwacji nie wynika aby
zastosowanie denerwacji nerek moglto przynies¢ dodatkowe korzysci pacjentom z objawowa

przewlekta niewydolnos$cig serca.
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9. Streszczenie pracy doktorskiej w jezyku angielskim

Heart failure (HF) is becoming a more prevalent disease with the increasing life
expectancy and more effective treatment of hypertension and coronary artery disease, its leading
causes. The treatment of HF, apart from pharmacotherapy, includes non-pharmacological (e.g.
physical rehabilitation) and invasive methods. In particular, new non-pharmacological methods
may be of significant importance. Breathing disorders, such as central apnea, are common in
advanced HF and indicate a worse prognosis. On the other hand, the reduced respiratory rate in
the course of breathing training may have a beneficial effect on the cardiovascular system,
especially in heart failure. However, self-maintaining of reduced breathing rate is difficult.
RESPeRATE devices which help to slow breathing through visual and acoustic signals were
effective in reducing blood pressure in the course of hypertension. About 20 years ago, a new
method of stimulation — cardiac resynchronization therapy (CRT) was introduced to treat HF.
However, there is still a group of patients in whom it does not lead to clinical improvement,
which may be related to excessive activation of the sympathetic nervous system. Renal artery
denervation, a method studied in the treatment of resistant hypertension, may lead to a reduction

in systemic sympathetic activity.

The aim of the study was to evaluate the safety and influence on physical capacity,
haemodynamic parameters and quality of life in symptomatic HF patients with reduced left
ventricular ejection fraction of: a) slow breathing training (SBT); b) renal artery denervation

(RDN) in patients with symptoms of NS despite resynchronization therapy (CRT).

In the first study, 40 patients with HF with reduced left ventricular ejection fraction
(LVEF) were examined. Patients alternated between performing SBT with the RESPeRATE
device or using only standard therapy in 10-12 week phases. The effect of SBT on changes in
blood pressure, rate of orthostatic hypotension (OH, decrease in systolic blood pressure of > 20

mmHg or diastolic blood pressure of > 10 mmHg within 3 minutes of standing) and change in
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the quality of life (Minnesota questionnaire - MLHF) were assessed. The OH frequency was low
and did not change during the study (10% vs 10%). In the group starting with SBT, an
improvement in the quality of life was observed - a decrease in the MLHF score (49.7 vs 46.1

points; p=0.002).

In the second study, 96 patients with HF with reduced LVEF were examined. The effect
of SBT on exercise capacity, hemodynamic parameters, and breathing patterns during sleep was
assessed in a cross-over study (10 to 12 weeks of SBT using the RESPeRATE device and control,
respectively). SBT was safe. After training, LVEF improved (31.3% + 7.3% vs 32.3% + 7.7%);
p=0.030), as well as the distance in the 6-minute walk test (449.9 £ 122.7 m vs. 468.3 £ 121.9
m; p<0.001). The apnea and hypopnea index also decreased (median 5.6 [interquartile range

(IQR), 2.1; 12.8] vs. 5.4 [IQR, 2.0; 10.8]; p=0.043).

In the third study 20 patients aged 52 to 86 years with symptomatic HF despite
resynchronization therapy were randomized to either renal artery ablation (RDN) or control. The
mean LVEF was 32.5%, the subjects were in NYHA 1l and Il classes. The safety of RDN and
whether it leads to an improvement in the clinical condition, exercise capacity and hemodynamic
parameters was assessed. Assessment of the autonomic system, echocardiography, quality of life
with the Minnesota questionnaire, 6-minute walk test, kidney function and selected biochemical
tests (NT-proBNP) were performed. The RDN was safe and there were no significant side effects.
There were no significant differences between the groups in the studied parameters after 12

months.

The results of the research confirmed that home rehabilitation based on slow breathing
training is safe and easy to use by patients and does not lead to a deterioration in the quality of
life. Slow breathing training had a positive effect on exercise capacity measured by walking

distance and cardiac systolic function assessed in echocardiography, and reduced the number of

43



respiratory disorders during sleep, including the occurrence of central apneas. The results show
that slow breathing training may be a new method of non-pharmacological treatment of heart

failure.

According to the available knowledge, the study was the first attempt to assess RDN in
patients with implanted CRT. Renal denervation in patients with chronic symptomatic heart
failure treated optimally with pharmacology and with the use of cardiac resynchronization
therapy did not bring any significant improvement in the most important parameters assessing
the severity of heart failure. The procedure itself was safe and did not cause a significant decrease
in blood pressure (symptomatic hypotension). The observations do not show that the use of renal
denervation could bring additional benefits in patients with symptomatic chronic heart failure

despite resynchronization therapy.
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11. Oswiadczenia wspotautoréw prac
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Lek. Tomasz Drozdz Krakéw dnia 30.09.2020 r.

I Klinika Kardiologii i Elektrokardiologii Interwencyjnej
oraz Nadcisnienia Tetniczego
(stopiefi/tytut, imig i nazwisko, afiliacja)

OSWIADCZENIE

Jako wspoétautor pracy*:

Drozdz T, Bilo G, Debicka-Dabrowska D, Klocek M, Malfatto G, Kielbasa G,
Styczkiewicz K, Bednarek A, Czarnecka D, Parati G, Kawecka-Jaszez K. Blood pressure

changes in patients with chronic heart failure undergoing slow breathing training. Blood Press.

2016;25(1):4-10.

o$wiadczam, iz moj wihasny wklad merytoryczny w przygotowanie, przeprowadzenie i

opracowanie badan oraz przedstawienie pracy w formie publikacji wynosi 40 % i polegat na**:

- stworzeniu hipotezy badawczej

- opracowaniu koncepcji badan

- rekrutacji pacjentow

- wykonywaniu pomiaréw kontrolnych

- opracowaniu i interpretacji wynikéw tej pracy

- przygotowaniu manuskryptu pracy

Jednoczesnie wyrazam zgode na przedtozenie w/w

pracy przez

lek. Tomasza Drozdz jako cze$é rozprawy doktorskiej w formie spdjnego tematycznie zbioru

artykutéw opublikowanych w czasopismach naukowych.

*nalezy podac tytut, nazwe czasopisma, wolumen, rok, strony

(podpis wspotautora)

**np. opracowywaniu pomystu badan, stworzeniu hipotezy badawczej, opracowaniu koncepcji badan,

wykonywaniu okreslonych eksperymentéw i/lub pomiaréw (najlepiej wskaza¢ ktérych), opracowaniu i

interpretacji wynikéw tej pracy, przygotowaniu manuskryptu pracy.
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. AN < Vo]
Lek. Grzegorz Kielbasa Krakéw dnia............l..... .
[ Klinika Kardiologii i Elektrokardiologii Interwencyjnej
oraz Nadcisnienia Tetniczego
(stopiei/tytut, imig i nazwisko, afiliacja)

OSWIADCZENIE

Jako wspétautor pracy*:

Drozdz T, Bilo G, Debicka-Dabrowska D, Klocek M, Malfatto G, Kielbasa G,
Styczkiewicz K, Bednarek A, Czarnecka D, Parati G, Kawecka-Jaszcz K. Blood pressure
changes in patients with chronic heart failure undergoing slow breathing training. Blood Press.
2016;25(1):4-10.

oswiadezam, iz méj wiasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badaf oraz przedstawienie pracy w formie publikacji wynosi 10 % i polegat na**:

- rekrutacji pacjentéw

- wykonywaniu pomiaréw kontrolnych

- przygotowaniu manuskryptu pracy

Jednoczesnie wyrazam zgode na przedtozenie w/w pracy przez
lek. Tomasza Drozdz jako czesé rozprawy doktorskiej w formie spdjnego tematycznie zbioru
artykuféw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia cze$¢ ww. pracy
wykazuje indywidualny wkiad lek. Tomasza Drozdz polegajacy na**:

- stworzeniu hipotezy badawczej

- opracowaniu koncepcji badan

- rekrutacji pacjentéw

- wykonywaniu pomiaréw kontrolnych

- opracowaniu i interpretacji wynikéw tej pracy

- przygotowaniu manuskryptu pracy -

(podpis wspotautora)
*nalezy poda¢ tytul, nazwe czasopisma, wolumen, rok, strony

**np. opracowywaniu pomyshi badan, stworzeniu hipotezy badawczej, opracowaniu koncepcji badan,
wykonywaniu okreslonych eksperymentow i/lub pomiaréw (najlepiej wskaza¢ ktorych), opracowaniu i

interpretacji wynikow tej pracy, przygotowaniu manuskryptu pracy.
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Dr n. med. Agnieszka Bednarek Krakéw dnia 29.09.2020 r.
I Klinika Kardiologii i Elektrokardiologii Interwencyjnej

oraz Nadci$nienia T¢tniczego

(stopien/tytutl, imig i nazwisko, afiliacja)

OSWIADCZENIE

Jako wspotautor pracy*:

Drozdz T, Bilo G, Debicka-Dabrowska D, Klocek M, Malfatto G, Kielbasa G,
Styczkiewicz K, Bednarek A, Czarnecka D, Parati G, Kawecka-Jaszez K. Blood pressure
changes in patients with chronic heart failure undergoing slow breathing training. Blood Press.
2016525(1):4-10.

oswiadczam, iz moj wiasny wklad merytoryezny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji wynosi 5 % i polegal na**:

- wykonywaniu pomiaréw kontrolnych

- przygotowaniu manuskryptu pracy

Jednoczesnie wyrazam zgodg na przedlozenie w/w pracy przez
lek. Tomasza Drozdz jako cze$¢ rozprawy doktorskiej w formie spéjnego tematycznie zbioru
artykutéw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia czes¢é ww. pracy
wykazuje indywidualny wktad lek. Tomasza Drozdz polegajacy na**:

- stworzeniu hipotezy badawczej

- opracowaniu koncepcji badan

- rekrutacji pacjentow

- wykonywaniu pomiaréw kontrolnych

- opracowaniu i interpretacji wynikow tej pracy

- przygotowaniu manuskryptu pracy

(podpis wspotautora)

*nalezy podac tytut, nazwe czasopisma, wolumen, rok, strony
**np. opracowywaniu pomystu badan, stworzeniu hipotezy badawczej, opracowaniu koncepcji badan,
wykonywaniu okreslonych eksperymentéw i/lub pomiaréw (najlepiej wskaza¢ ktérych), opracowaniu i

interpretacji wynikow tej pracy, przygotowaniu manuskryptu pracy.
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Prof. dr hab. med. Kalina Kawecka-Jaszcz Krakow dnia 30.09.2020 r.
I Klinika Kardiologii i Elektrokardiologii Interwencyjnej

oraz Nadcisnienia Tetniczego

(stopien/tytut, imig i nazwisko, afiliacja)

OSWIADCZENIE

Jako wspotautor pracy*:

Drozdz T, Bilo G, Debicka-Dabrowska D, Klocek M, Malfatto G, Kielbasa G,
Styczkiewicz K, Bednarek A, Czarnecka D, Parati G, Kawecka-Jaszcz K. Blood pressure
changes in patients with chronic heart failure undergoing slow breathing training. Blood Press.
2016;25(1):4-10.

oswiadczam, iz moj wilasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji wynosi 20 % i polegat na**:

- stworzeniu hipotezy badawczej

- opracowaniu koncepcji badan

- opracowaniu i interpretacji wynikow tej pracy

- przygotowaniu manuskryptu pracy

Jednoczesénie wyrazam zgode na przedtozenie w/w pracy przez
lek. Tomasza Drozdz jako czg$¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru
artykutéw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia czes¢ ww. pracy
wykazuje indywidualny wktad lek. Tomasza Drozdz polegajacy na**:

- stworzeniu hipotezy badawczej

- opracowaniu koncepcji badan

- rekrutacji pacjentow

- wykonywaniu pomiaréw kontrolnych

- opracowaniu i interpretacji wynikow tej pracy

- przygotowaniu manuskryptu pracy

(podpis wspdtautora)
*nalezy poda¢ tytul, nazwe czasopisma, wolumen, rok, strony
**np. opracowywaniu pomystu badaf, stworzeniu hipotezy badawczej, opracowaniu koncepcji badar,
wykonywaniu okreslonych eksperymentow i/lub pomiaréw (najlepiej wskaza¢ ktérych), opracowaniu i

interpretacji wynikow tej pracy, przygotowaniu manuskryptu pracy.
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Prof. dr hab. med. Danuta Czarnecka Krakow, dnia 29.09.2020 r.
I Klinika Kardiologii i Elektrokardiologii Interwencyjnej

oraz Nadcisnienia Tetniczego

(stopien/tytut, imi¢ i nazwisko, afiliacja)

OSWIADCZENIE

Jako wspdtautor pracy*:

Drozdz T, Bilo G, Debicka-Dabrowska D, Klocek M, Malfatto G, Kielbasa G,
Styczkiewicz K, Bednarek A, Czarnecka D, Parati G, Kawecka-Jaszez K. Blood pressure
changes in patients with chronic heart failure undergoing slow breathing training. Blood Press.
2016;25(1):4-10.

oswiadczam, iz moj whasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji wynosi 10 % i polegat na**:

- stworzeniu hipotezy badawczej

- opracowaniu koncepcji badan

- przygotowaniu manuskryptu pracy

Jednoczesnie wyrazam zgode na przedtozenie w/w pracy przez
lek. Tomasza Drozdz jako czg$¢ rozprawy doktorskiej w formie spéjnego tematycznie zbioru
artykutéw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia czes¢ ww. pracy
wykazuje indywidualny wktad lek. Tomasza Drozdz polegajacy na**:

- stworzeniu hipotezy badawczej

- opracowaniu koncepcji badan

- rekrutacji pacjentow

- wykonywaniu pomiaréw kontrolnych

- opracowaniu i interpretacji wynikow tej pracy

- przygotowaniu manuskryptu pracy

(podpis wspdtautora)
*nalezy podad tytut, nazwe czasopisma, wolumen, rok, strony
**np. opracowywaniu pomystu badan, stworzeniu hipotezy badawczej, opracowaniu koncepcji badan,
wykonywaniu okre$lonych eksperymentow i/lub pomiaréw (najlepiej wskazaé ktorych), opracowaniu i

interpretacji wynikow tej pracy, przygotowaniu manuskryptu pracy.
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Lek. Tomasz Drozdz Krakéw dnia 30.09.2020 r.
I Klinika Kardiologii i Elektrokardiologii Interwencyjnej

oraz Nadci$nienia Tetniczego

(stopien/tytul, imig i nazwisko, afiliacja)

OSWIADCZENIE

Jako wspoétautor pracy*:

Kawecka-Jaszez K, Bilo G, Drozdz T, Debicka-Dgbrowska D, Kielbasa G, Malfatto G,
Styczkiewicz K, Lombardi C, Bednarek A, Salerno S, Czarnecka D, Parati G. Effects of
device-guided slow breathing training on exercise capacity, cardiac function, and respiratory
patterns during sleep in male and female patients with chronic heart failure. Pol Arch Intern
Med. 2017;127(1):8-15.

oswiadczam, iz moj wihasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji wynosi 25% i polegat na**:

- stworzeniu hipotezy badawczej

- opracowaniu koncepcji badan

- rekrutacji pacjentow

- wykonywaniu pomiaréw kontrolnych

- opracowaniu i interpretacji wynikow tej pracy

- przygotowaniu manuskryptu pracy

Jednoczesnie wyrazam zgode na przedlozenie W/w pracy przez
lek. Tomasza Drozdz jako czg$¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru

artykutéw opublikowanych w czasopismach naukowych.

(podpis wspdtautora)
*nalezy poda¢ tytul, nazwe czasopisma, wolumen, rok, strony
**np. opracowywaniu pomystu badan, stworzeniu hipotezy badawczej, opracowaniu koncepcji badan,
wykonywaniu okreslonych eksperymentow i/lub pomiarow (najlepiej wskaza¢ ktorych), opracowaniu i

interpretacji wynikéw tej pracy, przygotowaniu manuskryptu pracy.
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Lek. Grzegorz Kietbasa Krakéw dnia.. 2.5 ZOZu v.
I Klinika Kardiologii i Elektrokardiologii Interwencyjnej

oraz Nadci$nienia Tetniczego

(stopiefi/tytul, imig i nazwisko, afiliacja)

OSWIADCZENIE

Jako wspolautor pracy*:

Kawecka-Jaszcez K, Bilo G, Drozdz T, Debicka-Dabrowska D, Kietbasa G, Malfatto G,
Styczkiewicz K, Lombardi C, Bednarek A, Salerno S, Czarnecka D, Parati G. Effects of
device-guided slow breathing training on exercise capacity, cardiac function, and respiratory
patterns during sleep in male and female patients with chronic heart failure. Pol Arch Intern
Med. 2017;127(1):8-15.

oswiadczam, iz moj wilasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji wynosi 10 % i polegal na**:

- rekrutacji pacjentow

- wykonywaniu pomiaréw kontrolnych

- przygotowaniu manuskryptu pracy

Jednoczesnie wyrazam zgode na przediozenie w/wW pracy przez
lek. Tomasza Drozdz jako czg$é rozprawy doktorskiej w formie spojnego tematycznie zbioru
artykutéw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia czg$¢ ww. pracy
wykazuje indywidualny wktad lek. Tomasza Drozdz polegajacy na**:

- stworzeniu hipotezy badawczej

- opracowaniu koncepcji badan

- rekrutacji pacjentow

- wykonywaniu pomiaréw kontrolnych

- opracowaniu i interpretacji wynikow tej pracy

- przygotowaniu manuskryptu pracy

(podpis wspdtautora)
*nalezy podac¢ tytut, nazwe czasopisma, wolumen, rok, strony

**np. opracowywaniu pomyshu badaf, stworzeniu hipotezy badawczej, opracowaniu koncepcji badan,
wykonywaniu okreslonych eksperymentéw i/lub pomiaréw (najlepiej wskaza¢ ktorych), opracowaniu i

interpretacji wynikow tej pracy, przygotowaniu manuskryptu pracy.
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Dr n. med. Agnieszka Bednarek Krakéw dnia 29.09.2020 r.
I Klinika Kardiologii i Elektrokardiologii Interwencyjnej

oraz Nadci$nienia Tetniczego

(stopief/tytul, imig i nazwisko, afiliacja)

OSWIADCZENIE

Jako wspétautor pracy*:

Kawecka-Jaszez K, Bilo G, Drozdz T, Debicka-Dabrowska D, Kielbasa G, Malfatto G,
Styczkiewicz K, Lombardi C, Bednarek A, Salerno S, Czarmecka D, Parati G. Effects of
device-guided slow breathing training on exercise capacity, cardiac function, and respiratory
patterns during sleep in male and female patients with chronic heart failure. Pol Arch Intern
Med. 2017;127(1):8-15.

o$wiadczam, iz mdj wiasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji wynosi 5 % i polegat na**:

- wykonywaniu pomiaréw kontrolnych

- przygotowaniu manuskryptu pracy

Jednoczesnie wyrazam zgodeg na przedtozenie w/wW pracy przez
lek. Tomasza Drozdz jako cze$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru
artykutéw opublikowanych w czasopismach naukowych.

OS$wiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgdé ww. pracy
wykazuje indywidualny wktad lek. Tomasza Drozdz polegajacy na**:

- stworzeniu hipotezy badawczej

- opracowaniu koncepcji badan

- rekrutacji pacjentow

- wykonywaniu pomiaréw kontrolnych

- opracowaniu i interpretacji wynikéw tej pracy

- przygotowaniu manuskryptu pracy

(podpis wspdtautora)
*nalezy podac tytul, nazwg czasopisma, wolumen, rok, strony
**np. opracowywaniu pomyshu badan, stworzeniu hipotezy badawczej, opracowaniu koncepcji badan,
wykonywaniu okreslonych eksperymentéw i/lub pomiaréw (najlepiej wskazaé ktorych), opracowaniu i

interpretacji wynikow tej pracy, przygotowaniu manuskryptu pracy.
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Prof. dr hab. med. Kalina Kawecka-Jaszcz Krakow dnia 30.09.2020 r.
I Klinika Kardiologii i Elektrokardiologii Interwencyjnej

oraz Nadci$nienia Tetniczego

(stopief/tytut, imig i nazwisko, afiliacja)

OSWIADCZENIE

Jako wspotautor pracy*:

Kawecka-Jaszcz K, Bilo G, Drozdz T, Dgbicka-Dabrowska D, Kielbasa G, Malfatto G,
Styczkiewicz K, Lombardi C, Bednarek A, Salerno S, Czarnecka D, Parati G. Effects of
device-guided slow breathing training on exercise capacity, cardiac function, and respiratory
patterns during sleep in male and female patients with chronic heart failure. Pol Arch Intern
Med. 2017;127(1):8-15.

oswiadczam, iz moj whasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badar oraz przedstawienie pracy w formie publikacji wynosi 30 % i polegat na**:

- stworzeniu hipotezy badawczej

- opracowaniu koncepcji badan

- opracowaniu i interpretacji wynikow tej pracy

- przygotowaniu manuskryptu pracy

Jednoczesnie wyrazam zgode na przedtozenie W/wW pracy przez
lek. Tomasza Drozdz jako czg$¢ rozprawy doktorskiej w formie spéjnego tematycznie zbioru
artykutéw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia czg$é ww. pracy
wykazuje indywidualny wkiad lek. Tomasza Drozdz polegajacy na**:

- stworzeniu hipotezy badawczej

- opracowaniu koncepcji badan

- rekrutacji pacjentow

- wykonywaniu pomiaréw kontrolnych

- opracowaniu i interpretacji wynikow tej pracy

- przygotowaniu manuskryptu pracy

(podpis wspodtautora)
*nalezy podac tytul, nazwe czasopisma, wolumen, rok, strony
**np. opracowywaniu pomystu badan, stworzeniu hipotezy badawczej, opracowaniu koncepcji badan,
wykonywaniu okre$lonych eksperymentéw i/lub pomiaréw (najlepiej wskaza¢ ktorych), opracowaniu i

interpretacji wynikow tej pracy, przygotowaniu manuskryptu pracy.
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Prof. dr hab. med. Danuta Czarnecka Krakoéw, dnia 29.09.2020 r.
I Klinika Kardiologii i Elektrokardiologii Interwencyjnej

oraz Nadcisnienia Tetniczego

(stopiet/tytul, imig i nazwisko, afiliacja)

OSWIADCZENIE

Jako wspotautor pracy*:

Kawecka-Jaszcz K, Bilo G, Drozdz T, Debicka-Dgbrowska D, Kielbasa G, Malfatto G,
Styczkiewicz K, Lombardi C, Bednarek A, Salerno S, Czarnecka D, Parati G. Effects of
device-guided slow breathing training on exercise capacity, cardiac function, and respiratory
patterns during sleep in male and female patients with chronic heart failure. Pol Arch Intern
Med. 2017;127(1):8-15.

oswiadczam, iz mdj wihasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji wynosi 10 % i polegat na**:

- stworzeniu hipotezy badawczej

- opracowaniu koncepcji badan

- przygotowaniu manuskryptu pracy

Jednoczesnie wyrazam zgode na przedtozenie w/w pracy przez
lek. Tomasza Drozdz jako czgé¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru
artykutow opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia cze$é ww. pracy
wykazuje indywidualny wktad lek. Tomasza Drozdz polegajacy na**:

- stworzeniu hipotezy badawczej

- opracowaniu koncepcji badan

- rekrutacji pacjentow

- wykonywaniu pomiaréw kontrolnych

- opracowaniu i interpretacji wynikow tej pracy

- przygotowaniu manuskryptu pracy

Bauile Chas

(podpis wspotautora)

*nalezy poda¢ tytul, nazwe czasopisma, wolumen, rok, strony
**np. opracowywaniu pomyshu badan, stworzeniu hipotezy badawczej, opracowaniu koncepcji badan,
wykonywaniu okre§lonych eksperymentéw i/lub pomiaréw (najlepiej wskaza¢ ktérych), opracowaniu i

interpretacji wynikow tej pracy, przygotowaniu manuskryptu pracy.
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lek. Tomasz Drozdz Krakéw dnia 29.09.2020 r.
[ Klinika Kardiologii i Elektrokardiologii Interwencyjnej

oraz Nadcisnienia Tetniczego

(stopieni/tytut, imig i nazwisko, afiliacja)

OSWIADCZENIE

Jako wspodtautor pracy*:

Drozdz T, Jastrzebski M, Moskal P, Kusiak A, Bednarek A, Styczkiewicz K, Jankowski
P, Czarnecka D. Renal denervation in patients with symptomatic chronic heart failure despite
resynchronization therapy - a pilot study. Postepy Kardiol Interwencyjnej. 2019;15(2):240-246.
o$wiadczam, iz moj whasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie
badan oraz przedstawienie pracy w formie publikacji wynosi 40% i polegat na**:

- stworzeniu hipotezy badawczej

- opracowaniu koncepcji badan

- rekrutacji pacjentow

- wykonywaniu pomiaréw kontrolnych

- opracowaniu i interpretacji wynikéw tej pracy

- przygotowaniu manuskryptu pracy

Jednoczesnie wyrazam zgode na przediozenie w/w pracy przez
lek. Tomasza Drozdz jako czg$¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru

artykutéw opublikowanych w czasopismach naukowych.

(podpis wspotautora)

*nalezy podac¢ tytul, nazwe czasopisma, wolumen, rok, strony
**np. opracowywaniu pomystu badan, stworzeniu hipotezy badawczej, opracowaniu koncepcji badan,
wykonywaniu okreslonych eksperymentow i/lub pomiaréw (najlepiej wskazaé ktorych), opracowaniu i

interpretacji wynik6w tej pracy, przygotowaniu manuskryptu pracy.
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Dr n. med. Aleksander Kusiak Krakow dnia...2 3.¢25.:.. 14
I Klinika Kardiologii i Elektrokardiologii Interwencyjnej

oraz Nadci$nienia Tetniczego

(stopien/tytul, imig i nazwisko, afiliacja)

OSWIADCZENIE

Jako wspotautor pracy*:

Drozdz T, Jastrzebski M, Moskal P, Kusiak A, Bednarek A, Styczkiewicz K, Jankowski
P, Czarnecka D. Renal denervation in patients with symptomatic chronic heart failure despite
resynchronization therapy - a pilot study. Postepy Kardiol Interwencyjnej. 2019;15(2):240-246.
oswiadczam, iz moj whasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie
badan oraz przedstawienie pracy w formie publikacji wynosi 10 % i polegat na**:

- rekrutacji pacjentow

- wykonywaniu pomiaréw kontrolnych

- przygotowaniu manuskryptu pracy

Jednoczesnie wyrazam zgode na przedtozenie W/wW pracy przez
lek. Tomasza Drozdz jako czg$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru
artykuléw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia cze$é ww. pracy
wykazuje indywidualny wktad lek. Tomasza Drozdz polegajacy na**:

- stworzeniu hipotezy badawczej

- opracowaniu koncepcji badan

- rekrutacji pacjentow

- wykonywaniu pomiaréw kontrolnych

- opracowaniu i interpretacji wynikow tej pracy

- przygotowaniu manuskryptu pracy

(podpis wspdtautora)

*nalezy poda¢ tytul, nazwe czasopisma, wolumen, rok, strony
**np. opracowywaniu pomystu badan, stworzeniu hipotezy badawczej, opracowaniu koncepcji badan,
wykonywaniu okreslonych eksperymentow i/lub pomiaréw (najlepiej wskaza¢ ktorych), opracowaniu i

interpretacji wynikow tej pracy, przygotowaniu manuskryptu pracy.
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Dr n. med. Agnieszka Bednarek Krakéw dnia 29.09.2020 r.
I Klinika Kardiologii i Elektrokardiologii Interwencyjnej

oraz Nadci$nienia Tetniczego

(stopien/tytut, imig i nazwisko, afiliacja)

OSWIADCZENIE

Jako wspétautor pracy*:

Drozdz T, Jastrzebski M, Moskal P, Kusiak A, Bednarek A, Styczkiewicz K, Jankowski
P, Czarnecka D. Renal denervation in patients with symptomatic chronic heart failure despite
resynchronization therapy - a pilot study. Postepy Kardiol Interwencyjnej. 2019;15(2):240-246.
odwiadezam, iz méj whasny wktad merytoryczny w przygotowanie, przeprowadzenie i opracowanie
badan oraz przedstawienie pracy w formie publikacji wynosi 5 % i polegal na**:

- wykonywaniu pomiaréw kontrolnych

- przygotowaniu manuskryptu pracy

Jednoczesnie wyrazam zgodg na przedtozenie w/w pracy przez
lek. Tomasza Drozdz jako cze$¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru
artykutéw opublikowanych w czasopismach naukowych.

O$wiadczam, iz samodzielna i mozliwa do wyodrebnienia czgéé ww. pracy
wykazuje indywidualny wktad lek. Tomasza Drozdz polegajacy na**:

- stworzeniu hipotezy badawczej

- opracowaniu koncepcji badan

- rekrutacji pacjentow

- wykonywaniu pomiaréw kontrolnych

- opracowaniu i interpretacji wynikow tej pracy

- przygotowaniu manuskryptu pracy

(podpis wspdtautora)
*nalezy poda¢ tytul, nazwe czasopisma, wolumen, rok, strony
**np. opracowywaniu pomystu badan, stworzeniu hipotezy badawczej, opracowaniu koncepcji badat,
wykonywaniu okre§lonych eksperymentéw i/lub pomiaréw (najlepiej wskazaé ktérych), opracowaniu i

interpretacji wynikow tej pracy, przygotowaniu manuskryptu pracy.
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lek. Pawet Moskal Krakéw dnia 29.09.2020 r.
I Klinika Kardiologii i Elektrokardiologii Interwencyjnej

oraz Nadci$nienia Tgtniczego

(stopien/tytut, imig 1 nazwisko, afiliacja)

OSWIADCZENIE

Jako wspélautor pracy*:

Drozdz T, Jastrzebski M, Moskal P, Kusiak A, Bednarek A, Styczkiewicz K, Jankowski
P, Czarnecka D. Renal denervation in patients with symptomatic chronic heart failure despite
resynchronization therapy - a pilot study. Postepy Kardiol Interwencyjnej. 2019;15(2):240-246.
o$wiadczam, iz m6j wiasny wktad merytoryczny w przygotowanie, przeprowadzenie i opracowanie
badan oraz przedstawienie pracy w formie publikacji wynosi 5% i polegat na**:

- wykonywaniu pomiar6w kontrolnych

- przygotowaniu manuskryptu pracy

Jednoczesnie wyrazam zgodg na przedtozenie w/wW pracy przez
lek. Tomasza Drozdz jako czg$¢ rozprawy doktorskiej w formie spéjnego tematycznie zbioru
artykutéw opublikowanych w czasopismach naukowych.

OS$wiadczam, iz samodzielna i mozliwa do wyodrebnienia czeéé ww. pracy
wykazuje indywidualny wktad lek. Tomasza Drozdz polegajacy na**:

- stworzeniu hipotezy badawczej

- opracowaniu koncepcji badan

- rekrutacji pacjentéw

- wykonywaniu pomiaréw kontrolnych

- opracowaniu i interpretacji wynikéw tej pracy

- przygotowaniu manuskryptu pracy

(podpis wspdtautora)
*nalezy podac tytut, nazwe czasopisma, wolumen, rok, strony
**np. opracowywaniu pomystu badari, stworzeniu hipotezy badawczej, opracowaniu koncepcji badar,
wykonywaniu okreslonych eksperymentéw i/lub pomiaréw (najlepiej wskaza¢ ktérych), opracowaniu i

interpretacji wynikow tej pracy, przygotowaniu manuskryptu pracy.
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Prof. dr hab. med. Danuta Czarnecka Krakéw dnia 29.09.2020 r.
I Klinika Kardiologii i Elektrokardiologii Interwencyjnej

oraz Nadcisnienia Tetniczego

(stopiefi/tytut, imig i nazwisko, afiliacja)

OSWIADCZENIE

Jako wspotautor pracy*:

Drozdi T, Jastrzebski M, Moskal P, Kusiak A, Bednarek A, Styczkiewicz K, Jankowski
P, Czarnecka D. Renal denervation in patients with symptomatic chronic heart failure despite
resynchronization therapy - a pilot study. Postepy Kardiol Interwencyjnej. 2019;15(2):240-246.
oswiadczam, iz mdj whasny wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie
badan oraz przedstawienie pracy w formie publikacji wynosi 20% i polegat na**:

- stworzeniu hipotezy badawczej

- opracowaniu koncepcji badan

- opracowaniu i interpretacji wynikow tej pracy

- przygotowaniu manuskryptu pracy

Jednoczesnie wyrazam zgode na przedtozenie w/w pracy przez
lek. Tomasza Drozdz jako cze$¢ rozprawy doktorskiej w formie spéjnego tematycznie zbioru
artykutow opublikowanych w czasopismach naukowych.

O$wiadczam, iz samodzielna i mozliwa do wyodrgbnienia cze$¢ ww. pracy
wykazuje indywidualny wklad lek. Tomasza Drozdz polegajacy na**:

- stworzeniu hipotezy badawczej

- opracowaniu koncepcji badan

- rekrutacji pacjentow

- wykonywaniu pomiaréw kontrolnych

- opracowaniu i interpretacji wynikéw tej pracy

- przygotowaniu manuskryptu pracy

(podpis wspotautora)
*nalezy podac tytut, nazwe czasopisma, wolumen, rok, strony
**np. opracowywaniu pomystu badan, stworzeniu hipotezy badawczej, opracowaniu koncepcji badan,
wykonywaniu okreslonych eksperymentéw i/lub pomiaréw (najlepiej wskaza¢ ktérych), opracowaniu i

interpretacji wynikow tej pracy, przygotowaniu manuskryptu pracy.
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