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Abstract

Background Slow breathing (SLOWB) alleviates symptoms of chronic heart failure (HF) but its long-term effects are
unknown. We examined the acute and long-term impact of device-guided breathing on hemodynamics and prognostic
parameters in HF patients with reduced ejection fraction (HFrEF).

Methods and results Twenty-one patients with HFrEF (23.9 +£5.8%, SD + mean) on optimal medical therapy underwent
blood pressure (BP), heart rate (HR), HR variability, 6-min walk test (6MWT), cardiopulmonary exercise testing (CPET),
and echocardiography measurements before and 3 months after SLOWB home training (30 min daily). After 3 months, all
patients were assigned to continue SLOWB (Group 1) or no-SLOWB (Group 2). All tests were repeated after 6 months.
Acute SLOWB (18 +5 vs 8 +2 breaths/min, P <0.001) had no influence on BP and HR but improved saturation (97 +2
vs 98 +2%, P=0.01). Long-term SLOWB reduced office systolic BP (P <0.001) but not central or ambulatory systolic
BP. SLOWB reduced SDNN/RMSSD ratio (P <0.05) after 3 months. One-way repeated measures of ANOVA revealed a
significant increase in 6MWT and peak RER (respiratory exchange ratio) from baseline to 6-month follow-up in group 1
(P <0.05) but not group 2 (P=0.85 for GoMWT, P=0.69 for RER). No significant changes in echocardiography were noted
at follow-up. No HF worsening, rehospitalisation or death occurred in group 1 out to 6-month follow-up. Two hospitaliza-
tions for HF decompensation and two deaths ensued in group 2 between 3- and 6-month follow-up.

Conclusions SLOWRB training improves cardiorespiratory capacity and appears to slow the progression of HFrEF. Further
long-term outcome studies are required to confirm the benefits of paced breathing in HFrEF.

Keywords Heart failure with reduced ejection fraction - Slow breathing - Hemodynamics - 6-Min walk test - Functional
capacity - Heart rate variability

Introduction

Chronic heart failure (HF) remains a challenging problem
with a considerable impact on the global burden of car-
diovascular (CV) morbidity and mortality [1-3]. Despite
advances in HF prevention and management, the worldwide
prevalence of newly diagnosed patients with HF is expected
to rise further, accounting for a 46% increase in prevalence
from 2012 to 2030 [4-9]. This is driven by prolonged life
expectancy, improvements in therapies for coronary artery
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disease (CAD) and sudden cardiac death, and the growing
incidence of co-morbidities (i.e. hypertension, diabetes) con-
tributing to the development of HF [10-16]. Differentiation
of patients with HF is critical due to diverse underlying aeti-
ologies, associated co-morbidities and responses to treat-
ment [17-23]. Pharmacological therapies have improved
survival and reduced hospital admission in HF [24-27].
However, hypotension and resulting tachycardia often pre-
vent further drug initiation and up-titration. Along with
pharmacological approaches, surgical implantable electrical
devices for the treatment of HF patients with reduced ejec-
tion fraction (HFrEF) improve symptoms, reduce the risk
of death and all-cause mortality in primary and secondary
prevention [10, 28-30]. Nevertheless, in HFrEF patient out-
comes remain unsatisfactory high with an increased risk for
sudden death, worsening HF, frequent hospitalization for CV
events and recurrent decompensation [31-33]. Given that
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currently available optimal medical drug and device thera-
pies are insufficient to halt disease progression, an unmet
need for other therapeutic approaches clearly exists [34-38].

Amongst behavioural interventions, slowing spontane-
ous breathing rate below 10 breaths/min has the potential
to favourably affect CV regulation [39-42]. The use of slow
breathing (SLOWB) technique has been shown to reduce
dyspnoea, improve oxygen saturation and exercise tolerance
in HF patients, acutely increase baroreflex gain and stability in
patients with CV disease and a risk for sudden death [42—45].
Data from pilot studies of patients with systolic chronic HF
have demonstrated the feasibility of device-guided SLOWB
pacing with the use of the RESPeRATE, improvements in
NYHA class and left ventricle ejection fraction (LVEF),
reductions in pulmonary pressure [46, 47] and breathless-
ness [48]. The effects of SLOWB training on blood pressure
(BP) in chronic HF has been reported to be marginal with low
incidence of orthostatic hypotension [49]. A recent study has
demonstrated an improvement of physical capacity and systolic
heart function with a tendency to attenuate sleep disturbances
in chronic HF [50]. Although the currently available results
with paced breathing are promising in chronic HF and the
mechanistic rationale for the use of SLOWB is apparent, not
all HF patients seemed to respond to this behavioural technique
[48]. Previous studies in HF were limited to acute effects of
SLOWB or 10-12 weeks in duration. The long-term impact
of regular SLOWB performance on prognostic factors in
chronic HF has not yet been investigated. Therefore, this study
sought to comprehensively explore the effects of home-paced

Fig.1 Patient flow diagram.
Study patient recruitment flow
chart based on CONSORT
guidelines

75 excluded
34 recent hospital discharge
(suboptimal medical therapy)
11 LVEF >40%
4 heart transplantation
5 HF decompensation

breathing on clinical, hemodynamic and prognostic parameters
in stable patients with severe HFrEF, all of whom received
optimal medical drug and device-based therapies.

Methods
Subjects

This prospective unblinded case-series study was approved
by the Institutional Ethics Committee and written informed
consent was obtained from all patients. Eligible participants
were adults aged 18 or over who met the eligibility crite-
ria for HFrEF diagnosis and managements as per European
Society of Cardiology (ESC) guidelines [10, 51]. Only stable
patients with chronic HFrEF who were receiving optimal
medical pharmacological (i.e. maximum tolerated dose of
all recommended drug classes) and surgical implementable
device therapies were recruited into the study. The inclu-
sion criteria required stable unchanged medication (without
aneed to increase a dose of furosemide) for at least 6 weeks
prior to study enrolment. Exclusion criteria were acute coro-
nary syndrome (ACS) <3 months, percutaneous coronary
angioplasty <3 months, coronary artery bypass graft <3
months, acute cerebrovascular disease <3 months, chronic
obstructive pulmonary disease, asthma, upper pulmonary
tract infection, medication nonadherence, depression, alco-
holism, and the lack of patient’s cooperation. Study patient
recruitment flow chart is shown in Fig. 1.
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Study settings

The study took place at the Medical University of Gdansk
and the associated University Clinical Centre where patients
were recruited from outpatient Cardiology Clinic. Compre-
hensive laboratory tests were conducted at the inpatient
Cardiology Department and Department of Hypertension
and Diabetology. This study took place from January 2015
to June 2017.

Study protocol

All patients were hospitalized for three consecutive days at
baseline, 3- and 6-month follow-up. During each study visit,
all participants underwent comparable comprehensive tests.
At the first day, following hospital admission, medical his-
tory, physical examination, anthropometric measurements (i.e.
weight, height, waist and hip circumference), blood sampling
and 6MWT were performed. Patients were instructed on how
to use RESPeRATE® device followed by the assessment of
acute effects of SLOWB on continuous non-invasive BP, HR,
respiration and saturation. Then, all patients were fitted with
24-h BP monitoring (ABPM) and 24-h Holter electrocardio-
gram (ECG). On the second day, patients underwent echo-
cardiography measurements and cardiopulmonary exercise
testing (CPET). Patients with implantable cardioverter-defi-
brillator (ICD) underwent intervention threshold check-up. On
the third day of hospitalization, following the measurements
of pulse wave velocity (PWV) and the assessment of the use
of RESPeRATE® device patients were discharged home. All
patients were again hospitalized after 3 and 6 months to repeat
all comparable measurements and clinical assessment.

Office and ambulatory blood pressure

Automated office seated systolic BP (SBP) and diastolic BP
(DBP) were measured simultaneously on both arms after at
least 5 min of rest and was calculated as the average of three
consecutive measurements within a 1-min interval using a
validated Microlife® WatchBP® device which allows for
dual-cuff simultaneous inter-arm assessment. The arm with
higher BP readings was used for the subsequent assessment
at 3- and 6-month follow-up.

24-h ABPM was performed with the Spacelabs 90207
recorder (Spacelabs Healthcare, Washington, United States)
at baseline, 3- and 6-month follow-up as described previ-
ously [52].

24-h Holter ECG

24-h ECG recordings were performed at each study visit
using three-channel Lifecard CF digital recorder (Del
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Mar Reynolds Medical Pathfinder SL 9.03.5910 software
with 128 Hz sampling rate). Detailed manual analysis was
performed by the same person (KL) to verify and correct
all sinus and ectopic excitations including ventricular,
supraventricular and artefacts. Heart rate variability (HRV)
was assessed using time domain method for two of the 6-h
periods corresponding to daytime and nighttime periods
with sinus rhythm of at least 90%. The number of ectopic
excitations, including ventricular and supraventricular extra-
systoles, and artefacts was less than 10%. The following
time domains were analysed: RR interval, SDNN (stand-
ard deviation of normal to normal R-R intervals), RMSSD
(square root of the mean squared differences between suc-
cessive RR intervals) as described previously [53].

Transthoracic echocardiography

Echocardiographic ultrasound images were obtained in pat-
ent’s left lateral decubitus position using the GE VIVID S6
device (GE Medical Systems, Poland) with simultaneous
ECG recordings as per standardized protocol [54, 55]. Echo-
cardiographic measurements included left ventricle (LV)
end-diastolic diameter (LVEDD), LV end-systolic diameter
(LVESD), interventricular septum thickness (IVS), posterior
wall thickness (PWT) in an end-diastolic period, left atrium
(LA), LA area (LAA), left ventricle (LV) and calculated
parameters including LV end-diastolic volume (LVEDV),
LV end-systolic volume (LVESV) and LV ejection fraction
(LVEF) in an apical four-chamber view (Simpson’s method).
LV diastolic function was obtained by collecting of peak
velocity of early rapid filling (E) in an apical four-chamber
view. The Doppler sample was placed at the tips of opened
mitral leaflets. Tissue Doppler imaging (TDI) of the mitral
annulus in an apical four-chamber view included the early
filling (E") wave velocity. E/E' ratio was also calculated.
Echocardiographic assessment of the right heart included
right ventricle (RV) and right atrial (RA) size measured from
a four-chamber view obtained from the apical window at
end-diastole. Measure of RV systolic function was assessed
by tricuspid annular plane systolic excursion (TAPSE).

Six-minute walk test (6MWT)

6MWT was performed at each study visit by an experienced
physiotherapist. All patients received instruction on how to
conduct the test, and written informed consent was obtained
prior to test. Patients were advised to refrain from exercis-
ing 2 h before 6MWT. Following a 10-min rest in a sitting
position, GMWT was performed. The length of the corri-
dor for the 6GMWT was 30 m and was marked every 3 m to
facilitate the calculation of the walking distance. The ends
of the hallway, the start and return points were also marked.
At the time of the test, patients marched on their own, at a
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comfortable and convenient pace, on a flat, hard surface of
the empty hospital hallway. Twice during the test, patients
were orally motivated to perform the exercise, during which
current information about the test stage was given. As a
result of the significantly reduced exercise tolerance, patients
were allowed for short-term, patient-dependent pauses.
Patients were monitored by telemetry during the 6MWT.
In case of symptoms such as chest pain, sudden or severe
dyspnoea, imbalance, fatigue or paleness, the 6MWT was
discontinued [56].

Cardiopulmonary exercise testing (CPET)

Each patient underwent CPET three times over the duration
of the study (at baseline, 3- and 6-month follow-up) using
the Ergocard Exercise Testing System (Medisoft, Belgium).
Patients were asked not to perform intensive exercise for at
least 48 h prior to test. The CPET System consists of cycle
ergometer, the HR chest belt, 12-lead ECG module inte-
grated with interface, spirometry and automated BP meas-
urements. Each patient received clear instructions regarding
the CPET performance and additional written consent was
obtained prior to test. Following a calibration of the sys-
tem, the assessment of exercise capacity was conducted on
a stationary cycle ergometer where a subject was asked to
maintain pedal speed at the level of 60-65 rev per minute.
Electrocardiographic HR monitoring with multiple lead
wave-forms was recorded during the entire exercise test and
over a 3-min post-recovery period. BP was measured period-
ically every 3 min throughout the test. Symptoms including
perceived exertion and dyspnoea were assessed and quan-
tified immediately after the test completion (at the begin-
ning of the recovery period). Functional exercise capacity
was assessed using the RAMP exercise protocol including
a 2-min warm-up phase and a modest increase in work rate
(10 W per minute) until patients reached the maximum tol-
erance for their symptoms. ICD settings were checked prior
to test. The peak HR during the test was kept below HR at
which the ICD was programmed to discharge.

The following parameters were analyzed: (1) peak oxy-
gen content PVO, (ml/kg/min), the maximum rate of oxygen
consumption measured during incremental exercise (indica-
tive of maximal aerobic capacity), (2) peak RER (respira-
tory/gas exchange ratio), the ratio of carbon dioxide (Vco,)
output to oxygen (VO,) uptake at maximal exercise levels
and (3) minute ventilation (VE) and Vco, output slope as
previously described [57-59].

Pulse wave velocity

The measurements were performed in fasting condition, in a
quiet room and supine position after 15 min of rest between
9.00 and 11.00 am and room temperature 21-23 °C as per
Expert Consensus recommendation [60, 61]. After 15 min of
rest, brachial BP was measured simultaneously in both arms
which allow for dual-cuff simultaneous inter-arm assessment
and was calculated as the average of three consecutive meas-
urements within a 1-min interval. Following BP measure-
ments, carotid—femoral (c—f) pulse wave velocity (PWV)
was performed using an automatic Complior System (Del
Mar Reynolds Medical). An online pulse wave recording
and automatic calculation of PWV was conducted using two
mechanotransducers, the first positioned at the base of the
neck of the common carotid artery and the second over the
femoral artery. The operator identified the accurate shape
of recorded arterial waves by positioning the probe over the
femoral artery. The transit time was determined by means of
a correlation algorithm between each simultaneous recorded
wave [21, 62].

Serum biochemistry

Routine blood tests were performed in all patients at each
study visits at the associated Clinical Laboratory Centre.

Interventions
Acute effects of slow breathing

On the first day, prior to 24-h ABPM and Holter ECG,
patients underwent baseline continuous beat-to-beat meas-
urements of BP, HR, respiration and saturation (ADInstru-
ments, Dual Bio Amp; ADInstruments, Ltd. Oxford, UK)
over a 20-min duration followed by a 15-min duration of
SLOWB with the use of RESPeRATE device.

Decompensated chronic HF

Acute decompensation of chronic HF was defined as acute
or gradual exacerbation of clinical signs and symptoms of
congestion (i.e. dyspnoea, water retention, ankle oedema,
pulmonary wheezes or rales) that required additional imme-
diate therapy (i.e. intravenous furosemide) and/or hospital
admission.
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Slow-breathing technique

A device-guided SLOWB pacing (goal below 10 breaths/
min) was performed twice daily with each session lasting
15 min, through use of an ad hoc device RESPeRATE®
(Intercure Ltd. Northern Industrial Area, Israel) as described
previously [63]. At the first visit, patients were instructed
on how to synchronize their breathing with guiding tones
generated by the RESPeRATE® in response to their breath-
ing pattern. Following the completion of all comprehensive
tests at baseline, all patients received the device and a trans-
lated training manual on how to use it in the home setting.
Performance of SLOWB exercise was scheduled for two
15-min daily sessions (in total 30 min per day) over the first
3 months. Patients were asked to breathe effortlessly and
gradually at home, irrespective of the time of the day, in a
quiet room and in a comfortable position as recommended
in the RESPeRATE® manual. All patients were called by an
investigator (KL) weekly through the duration of the study
to obtain information stored on a device regarding weekly
duration of SLOWB exercise (i.e. number of session, thera-
peutic minutes, initial breathing, final breathing rate, the
ability to synchronize respiratory rate with guiding tones,
breath detection).

All patients were asked to repeat all tests after 3 months
of SLOWB home exercise during a 3-day hospitalization.

Randomisation

At 3-month follow-up, using simple computerised ran-
dom numbers, all patients were assigned to continue their
SLOWB home training with the RESPeRATE® device
(Group 1) or not to continue this breathing exercise (Group
2) for the next 3 months. Between 3 and 6 months patients
in group 1 were called by the same investigator (KL) weekly
to ensure that patients attain their therapeutic breathing rate.
At 6-month follow-up, the entire study cohort underwent
comparable measurements including BP, HRV, 6MWT,
echocardiography, CEPT and PWV.

Statistical analysis

Results are expressed as means + SD or percentage (%).
Responses to SLOWB were analysed by repeated-measures
One-way analysis of variance (ANOVA) comparing data
between baseline and follow-up visits. Changes in variables
between baseline and 3-month follow-up were analysed
using a paired ¢ test. The sample size analysis indicated that
12 subjects would have 80% power for a paired ¢ test to
detect an increase in peak RER of 0.08 at the level of sig-
nificance 0.05 and an estimated standard deviation of 0.08.
Our study revealed that 17 patients with a standard devia-
tion of 0.09 and an increase in peak RER of 0.08 had 93%
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power. Statistical analysis was performed using SigmaPlot
Version 13.0.0.83 (Systat Software, Inc. Leadtools, Dundas
Software LTD. Reg. No. 775201235). A value of P<0.05
was considered significant.

Results

The analysis included a total of 21 patients (16 males, 5
females) with stable chronic HF diagnosed with diverse aeti-
ology of HF including 9 patients with CAD and 12 patients
without history of CAD. Past medical history included
myocardial infarction (n=38), paroxysmal atrial fibrillation
(n=3), persistent atrial fibrillation (n=2), hypertension
(n=38), diabetes (n=5) and chronic kidney disease with
eGFR < 60 ml/min/1.73 m? (n=6). Therapeutic interven-
tions included percutaneous coronary intervention (n==6),
coronary artery bypass graft (n=3), ICD (n=16) and car-
diac resynchronization therapy (n=7). None of the patients
were current smokers.

Baseline demographic characteristics and drug distribu-
tion of the entire study cohort are demonstrated in Table 1.
21 patients with HFrEF in New York Heart Association
classes I (n=5), Il (n=13) and III (n=3) had a mean LVEF
of 23.9+5.8%, age of 52+ 17 years, BMI of 28 +4 kg/m?,
waist of 100+ 16 cm and hip of 103413 cm.

Table 1 Baseline characteristics of the study cohort

Parameter Number (n=21)
Age (years) 52417

BMI (kg/m?) 28+4
Gender (males) 16 (76%)
ACEI 18 (86%)
ARB 3 (14%)
fBeta-blockers 100%
Aldosterone antagonists 100%
Furosemide 11 (52%)
Torasemide 9 (43%)
Statins 14 (67%)
Aspirin 5 (47%)
Anticoagulants 12 (57%)
Haemoglobin (g/dl) 143+1.1
BNP (pg/ml) 409.4+419.6
Potassium (mmol/l) 4.4+0.3
Sodium (mmol/l) 138.5+£2.5
Glucose (mmol/l) 108.4 +22.8
eGFR (ml/min/1.73 m?) 79.5+31.3

Data are mean + SD and/or percentage (%)

ACEI indicates angiotensin-converting enzyme inhibitor, ARB angio-
tensin II receptor blocker, BNP B-type natriuretic peptide
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All patients were receiving stable dose of optimal multi-
drug therapy which was kept unchanged for at least 6 weeks
prior to study enrolment and was maintained (including
drugs and dosage) over a 6-month study period. All patients
were treated with beta-blockers (carvedilol, bisoprolol or
metoprolol) and aldosterone antagonists (spironolactone
or eplerenone). 18 patients were taking angiotensin-con-
verting enzyme inhibitors (quinalapril, ramipril, enalapril or
perindopril) and the remaining 3 patients were treated with
angiotensin II receptor blockers (valsartan or telmisartan).
Other drugs included amiodarone (n=15), ivabradine (n=4),
trimetazidine (n = 3). A distribution of patients taking diuret-
ics (furosemide, torasemide), statins (atorvastatin, rosuvas-
tatin or simvastatin), aspirin and anticoagulants (warfarin,
dabigatran or rivaroxaban) is shown in Table 1.

Acute effects of SLOWB

Acute SLOWB reduced spontaneous respiration rate (18 +£5
vs 8 +2 breaths/min, P <0.001) and increased saturation
(97+2 vs 98 +2%, P=0.01) but had no impact on beat-to-
beat SBP (113+7 vs 112+9 mmHg, P=0.12), DBP (88 +5
vs 88 +5 mmHg, P=0.70) and HR (64 +8 vs 65+ 7 bpm,
P=0.31).

Acute SLOWB normalized breathing pattern in HFrEF
patients demonstrating daytime Cheyne—Stokes respiration.

Long-term effects of SLOWB on respiration

On average, patients spent 170 + 62 min per week in the
therapeutic breathing zone. All patients reached final breath-
ing rate of 6 + 1 breaths/min at the end of the RESPeRATE
session.

Breathing was synchronised with guiding tones in
61 +26% of time and the breathing sensor was able to detect
breath in 89 +5%.

Spontaneous respiratory rate significantly decreased after
3 months of SLOWB home training (from 18+5to 14+ 6
breaths/min, P <0.05).

Effects of SLOWB on BP

SLOWRB significantly reduced office SBP (P <0.001) but
not central SBP, ambulatory daytime or nighttime SBP
at 3-month follow-up (Table 2). Office DBP increased
(P <0.001) and nighttime DBP tended to increase (P <0.07)
but central and daytime DBP remained unchanged after 3
months of SLOWB home training (Table 2).

Between baseline, 3 and 6 months, daytime SBP (11047
vs 108 +11 vs 111 +5 mmHg, P=0.67), daytime DBP
(66+7 vs 66 +6 vs 67+6 mmHg, P=0.68), nighttime
SBP (100+7 vs 100+ 10 vs 101 + 11 mmHg, P=0.89) and

Table 2 Effects of slow breathing on blood pressure, arterial stiffness
indices, 6-min walk test (6MWT) distance and echocardiographic
parameters before and after 3 months for the entire cohort

Parameter Baseline 3MFU P value
Office SBP (mmHg) 116 +11 100+ 12 <0.001
Central SBP (mmHg) 119+17 116+17 0.64
Daytime SBP (mmHg) 112+8 111+9 0.69
Night-time SBP (mmHg) 100+7 102+9 0.52
Office DBP (mmHg) 72+9 83+9 <0.001
Central DBP(mmHg) 7548 73+8 0.36
Daytime DBP (mmHg) 69 +8 69+6 0.96
Night-time DBP (mmHg) 58+6 61+6 0.07
Office HR (mmHg) T2+11 75412 0.25
PWYV (m/s) 6.8+1.7 70+1.5 0.30
LVEF (%) 239458 259+7.1 0.10
LVEDd (mm) 73.8+9.7 753+11.1 0.45
LVESd (mm) 63.2+10.3 64.3+11.8 0.53
LVEDV (ml) 288.9+98.0 311.9+100.3 0.077
LVESV (ml) 206.1+86.3  224.8+81.3 0.18
IVST (mm) 8.1+1.6 8.6+1.6 0.01
PWT (mm) 93+1.2 95+1.2 0.45
LA (mm) 479+64 47.2+10.4 0.98
LAA (cm?) 29.5+6.9 30.5+6.9 0.26
IVC (mm) 7.3+5.5 54+59 0.21
RAA (cm?) 22.6+10.5 240+11.3 0.58
RVID (mm) 38.5+8.3 39.3+9.1 0.30
TAPSE (mm) 19.4+4.7 19.4+3.6 0.95
RVSP (mmHg) 40.2+14.5 38.5+16.6 0.25
E/E' ratio 10.6+3.4 11.3+4.5 0.51
6MWT (m) 42277+£109.3 450.8+92.4 0.057

Values expressed as mean+SD
Data available on central BP (n=16), ABPM (n=18) and echocardi-
ography (n=20) at both visits

SBP indicates systolic blood pressure, DBP diastolic blood pres-
sure, HR heart rate; bpm, beat per minute, PWV pulse wave veloc-
ity, 6BMWT 6-minute walk test, LVEF left ventricle ejection fraction,
LVEDd LV end-diastole diameter, LVESd LV end-systole diameter,
LVEDV LV end-diastole volume, LVESV LV end-systole volume,
IVST intraventricular septum thickness, PWT posterior wall thick-
ness, LA left atrium, LAA LA area, IVC inferior vena cava (on expira-
tion), RAA right atrium area, RVID right ventricular internal diameter,
TAPSE tricuspid annular plane systolic excursion, RVSP right ventri-
cle systolic pressure, E/E' the ratio of transmitral Doppler early filling
velocity to tissue Doppler early diastolic mitral annual velocity

nighttime DBP (57 +6 vs 58 +6 vs 57+ 6 mmHg, P=0.95)
remained unchanged in group 1.

No changes in daytime SBP (111 +8 vs 115+5 vs
115+ 10 mmHg, P=0.60), daytime DBP (70 +£6 vs 73 +4 vs
72 +7 mmHg, P=0.29), nighttime SBP (101 +8 vs 104 +8
vs 103 +5 mmHg, P=0.62) and nighttime DBP (59 +6 vs
64 +6 vs 65+7 mmHg, P=0.17) were observed between
baseline, 3- and 6-month follow-up, respectively in group 2.
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Effects of SLOWB on functional performance

6MWT tended to increase at 3-month follow-up for the
entire study cohort (Table 2).

The study population was divided into four performance
levels based on the distance walked as described previously
[64]. At baseline, two patients were in level 1 (<300 m),
four patients in level 2 (300-374.9 m), eight patients in level
3 (375-449.9 m) and seven patients in level 4 (>450 m).
After 3 months, SLOWB substantially improved the levels
of functional performance (Fig. 2a). At baseline, 29% (n=06)
of the study patients demonstrated level 1 and level 2 which
was reduced by nearly half (15%) at 3-month follow-up
(Fig. 2a). A number of patients at levels 4 category substan-
tially increased from 33% at baseline, to 52% at 3 months,
and 64% at 6-month follow-up (Fig. 2a).

Figure 2b demonstrates individual patient data moving
across the four performance levels from baseline to 3- and
6-month follow-up in group 1 (numbers 1-11) and group 2
(numbers 12-21).

Detailed analysis of the subgroups revealed a significant
improvement in 6MWT in group 1 from baseline to 6-month
follow-up (Fig. 3a) but not in group 2 (Fig. 3b).

SLOWB significantly increased peak RER from baseline
to 3-month (1.16 +0.08 vs 1.23 +0.14, P <0.05) follow-
up. An improvement in peak RER was maintained out to
6 months in group 1 (Fig. 3c) but not in group 2 (Fig. 3d).

No changes were observed in PVO, (14.3 +5.3 vs
13.4+4.9 ml/kg/min, P=0.14) and VE/Vco, slope
(37.7+7.4vs 37.3+8.7, P=0.84) from baseline to 3-month
follow-up.

a 100

60 -

(%)

40 |

alevel 4

Olevel 3

oOlevel 2

mlevel 1

20 -

Fig.2 Proportion of patients with HFrEF in four performance levels
based on the distance walked (a) and changes in individual patient
data in four performance levels (b) at baseline, 3- and 6-month (M)
follow-up (FU). Colours indicate four different performance lev-
els; level 1 (the lowest performance level), level 4 (the highest per-
formance level). Numbers from 1 to 11 indicate patients in group 1
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Effects of SLOWB on PWV and echocardiography

No significant changes in PWV and echocardiographic
parameters were observed after 3 months of SLOWB
(Table 2).

In group 1, between baseline and 6-month follow-up
no significant changes were noted in LVEF (24.5+5.6 vs
25.3+6.8 vs 24.4+7.7%, P=0.75), EDV (285.5+107.7
vs 305.4 +102.9 vs 310.8 £96.5 ml, P=0.10) and ESV
(201.9+87.5 vs 215.6 +74.5 vs 223.9+84.7 ml, P=0.19),
and in group 2 including LVEF (23.2+6.3 vs 26.5+7.6 vs
27.7+9.8%, P=0.30), EDV (292.7+91.8 vs 319.8 +102.8
vs 279.9+92.6 ml, P=0.41) and ESV (210.7+89.5 vs
236.0+92.2 vs 207.7 +84.4 ml, P=0.30).

Effects of SLOWB on HRV

The final assessment of SLOWB effects on HRV was deter-
mined in nine patients from the study cohort who demon-
strated no evidence of permanent cardiac pacing. There
were no significant changes in SDNN total (126 +42 vs
124 +30 ms, P=0.80) and RMSSD (42 +25 vs 52 +27 ms,
P=0.14) at 3-month follow-up. SLOWB improved SDNN/
RMSSD ratio (3.26+0.93 vs 2.51+0.91, P<0.05) at
3-month follow-up.

Effects of SLOWB on CV outcomes

No patients experienced worsening, hospital admission or
death for HF from baseline to 6-month follow-up (Group
1). However, following the 6-month SLOWB programme,

three HF decompensations which required hospital admis-
sion and two HF worsening without hospitalization were

b

Level 4

Level 3

Level 2

Level 1

BSL 3 MFU 6 MFU

assigned to 6-month SLOWB home training, numbers from 12 to 21
indicate patients in group 2 who underwent 3-month SLOWB home
training and then a 3-month observation period (b). In group 2, two
patients died (boxes marked without colour) between 3- and 6-month
M) follow-up (FU)
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observed. No deaths were observed within 1-2 years fol-
lowing the completion of the study. Two patients from this
cohort underwent cardiac transplantation.

In group 2, between months 3 and 6 when patients were
not continued SLOWB home training, two patients were
admitted to hospital for HF decompensation and other two
patients died (one death from HF-related decompensation,
the second death from sudden cardiac arrest associated with
epileptic seizures). Following the program completion, three
additional hospitalizations due to HF decompensation and
one HF worsening without hospital admission were noted.
Within the group 2, two patients also experienced ICD
interventions at 3-month follow-up, one during 6MWT, and
another during CPET.

Discussion

The present study is the first to demonstrate the 6-month
effects of device-guided SLOWB home training in stable
patients with severe HFrEF, all of whom received evidence-
based treatment including optimal multi-drug therapy,
implementable devices and surgical procedures, if required.
The major findings are that (1) acute SLOWB improves oxy-
gen saturation and (2) long-term SLOWB home training
increases cardiorespiratory capacity, functional performance
and vagal activity in high-risk patients with severe HFrEF
irrespective of the underlying aetiology (i.e. ischemic and

P=0.69 between visits

nonischemic HF). Neither acute nor long-term SLOWB had
an impact on arterial BP and HR levels. No significant dete-
rioration in echocardiographic parameters was noted over
the course of the study. No complications including exacer-
bations, hospitalizations or deaths for HF were observed in
patients undergoing a 6-month regular SLOWB home train-
ing. Slowing breathing rate with the use of RESPeRATE was
well tolerated by the entire study cohort.

Altered reflex and neurohumoral factors underlying the
development and progression of HF substantially contrib-
ute to the initiation and maintenance of augmented sym-
pathetic activation. Impaired arterial baroreceptor function
and increased chemoreflex sensitivity are of prognostic sig-
nificance in HF, potentiating sympathetic activation in the
setting of both ventricle systolic dysfunction and diminished
inhibitory influences from reflex mechanisms [65]. The abil-
ity of the arterial and cardiopulmonary mechanoreceptors to
exert tonic restraint on sympathetic outflow is also reduced
in HF.

A decrease in breathing rate with concomitant pro-
longed expiration and inhalation can favourably influ-
ence autonomic CV regulation through the modulation of
centrally-mediated neural reflexes. Previous acute studies
demonstrated that slowing respiratory rate increases resting
oxygen saturation, enhances respiratory muscles and pul-
monary function (i.e. acute increase in peak oxygen con-
sumption) leading to improved exercise performance, and
reduced sensation of dyspnoea, and fatigue in chronic HF
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following 1 month of respiratory training [43]. This respira-
tory modulation induced by SLOWB has also led to reduced
chemoreflex response [66] and highly significant increases
in baroreflex sensitivity in chronic HF [67]. Data from the
first randomized pilot study of a total of 24 patients with
systolic chronic HF (mean LVEF 32 + 6%) demonstrated
the feasibility of device-guided RESPeRATE following 10
weeks of home training [46]. There were improvements in
NYHA class, LVEF and quality of life, and a reduction in
pulmonary pressure from baseline to 10-week follow-up
[46]. An improvement in NYHA class and a reduction in
breathlessness following a 4-week SLOWB training has
also been found in a subset of HF patients (i.e. responders)
compared to non-responders [48]. Findings from a recent
study have demonstrated modest improvements in LVEF
(31+7 vs 32+8%, P<0.05), apnoea—hypopnea index (5.6
vs 5.4 events per hour, P <0.05) and 6MWT (449.9+122.7
vs 468.3+121.9 m, P<0.001) after 10-12 weeks of home
passed breathing with the use of RESPeRATE in chronic
HF [50].

Importantly, our findings are novel and indicate that the
potential beneficial effects of SLOWB are not restricted
to acute or short-term duration (12 weeks) of respiratory
training but extend further to the longer term follow-up in
patients with severe HFrEF as documented by mean LVEF
(23.9+5.8%), peak VO, (14.3 +5.3 ml/kg/min) and VE/Vco,
(37.7+7.4). Acute reduction of spontaneous breathing rate
was associated with significantly improved oxygen satura-
tion. This increase in oxygen levels after SLOWB is likely
to explain major improvements in functional performance
levels assessed by 6MWT and cardiorespiratory capacity
following home training at 3- and 6-month follow-up in our
severe HFrEF cohort.

The 6MWT has been found a strong and independent pre-
dictor of increased morbidity and mortality in HF patients,
with an increased risk inversely related to distance walked
[64, 68]. This prognostic significance of 6MWT in predict-
ing long-term death or hospitalization rates for HF was inde-
pendent of LVEF and NYHA class [64].

There is evidence to suggest that in HF patients, NYHA
classification system is subjective and poorly reproducible,
particularly in differentiating between patients belonging to
class II and class III [69]. Moreover, 6o MWT weakly corre-
lates with LVEF and NYHA class II which includes patients
with moderate impairment of HF and a wide range of walk-
ing distance [64]. Convincingly, 6MWT has been clearly
linked to the extremes of the NYHA classification (i.e.
longer walking distance evident for patients in NYHA class
1, shorter walking distance for patients in NYHA class IV)
[64]. Our study corroborates this notion and demonstrates
a significant but inverse relationship between 6MWT and
NYHA class (r=—0.81, P<0.0001) and a lack of correla-
tion between 6MWT and LVEF (r=0.18, P=0.45).

@ Springer

In this context, our findings are supportive in demon-
strating substantial improvements in the performance levels
(based on the distance walked) following SLOWB home
training in patients with severe HFrEF. While it appears that
all patients with severe HFrEF may benefit from SLOWB
therapy irrespective of baseline functional capacity (Fig. 2b),
it appears that this favourable effect on performance level
remains sustained and extends further if paced breathing is
continued over the longer term in addition to optimal medi-
cal therapy for HF.

A further novel finding achieved with SLOWB is an
improvement in cardiopulmonary exercise testing in our
severe HFrEF patients as demonstrated by an increase in
peak RER. Amongst parameters derived from cardiopul-
monary exercise testing in HF, peak RER is considered as
an indicator of a patient’s level of maximal exertion, good
indicator of subject effort and intrasubject effort during
serial testing (i.e. pre- and postintervention), and that is
independent of patient characteristics (i.e. age, gender, fit-
ness, and disease state) [70]. An improvement in peak RER
remained significant at 6 months of regular SLOWB when
compared to 3-month period of therapeutic breathing only.
Given lacking supportive evidence for the use of 6GMWT as
a prognostic marker in alternative to or in conjunction with
CPET-derived variables [71], an improvement in peak RER
after SLOWB appears to be clinically relevant.

Our HFrEF patients demonstrated no significant changes
in central, ambulatory daytime or nighttime BP profile and
reported no incidence of dizziness or orthostatic hypotension
indicating the safety of therapeutic SLOWB home training.
This is clinically important as the RESPeRATE provides the
possibility of continuing life-saving pharmacological treat-
ment without the risk of ceasing medication during SLOWB
therapies.

Another important observation from this study is the
absence of significant deterioration in echocardiographic
parameters including LVEF, EDV and ESV following
SLOWB home training suggesting no further progression
of severe HFrEF. Moreover, in line with previous findings
we observed an improvement in LVEF by 2 +5% at 3-month
follow-up [50]. The effects on PWV were not observed in
our study indicating no BP-dependent or BP-independent
effects of SLOWB on large artery remodeling.

An interesting observation which may deserve further
investigation in appropriately sized clinical trials is changes
in neural regulation of heart rhythm produced by deep and
slow breathing. A decrease in SDNN/RMSSD ratio follow-
ing SLOWB suggests a shift toward increased parasympa-
thetic activity which theoretically may lead to improved
patient outcomes.

Finally, given the link between Cheyne—Stokes respira-
tion and increased mortality in ambulatory patients with
severe HF [72], a normalization of breathing pattern during
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a 15-min duration of paced device-guided SLOWB exer-
cise is another important finding which deserves further
investigation.

Unlike previous studies on SLOWB in HF in which
patients were asked immediately to reduce their breathing
rate to 6 breaths/min, our patients were asked to breathe
effortlessly and gradually at home twice daily aiming at
slowing breathing rate below 10 breaths/min which pre-
vented forced breathing, patient discomfort or associated
emotional stress. Indeed, the final breathing rate achieved
in this study was 6 + 1 breaths/min and no patients resigned
from using the RESPeRATE over the study duration. Fur-
thermore, in addition to improved functional capacity, a
subjective reduction of dyspnoea reported by our severe
HFrEF patients had a positive impact on patient adherence
in continuing their SLOWB home training.

Most importantly, no patients experienced exacerbation
of their pre-existing severe HFrEF condition, no hospitali-
zations or deaths for HF occurred in the group assigned to
6-month SLOWB home intervention.

Study limitations

The relatively modest number of patients limits our ability
to compare the effects of time and treatment between 3- and
6-month follow-up among both study arms. Nevertheless,
this study is the first which examined the 6-month effects
of SLOWB on prognostic clinical variables in patients with
severe HFTEF, all of whom received optimal evidence-
based treatment options. In this study, medication remained
unchanged at follow-up which allowed for an adequate deter-
mination of intrasubject effectiveness of SLOWB on BP,
HR, 6MWT, echocardiography, CPET and HRV from base-
line to 6-month follow-up with the use of repeated measures
analysis. Given the high-risk patient cohort, all these tests
were performed during hospitalization at three different
study visits. Furthermore, this modest number of patients
allowed for close monitoring of compliance to SLOWB
therapy by weekly phone call to each patient and informa-
tion derived from the device memory including accumulated
minutes of therapeutic breathing rate, initial and final breath-
ing frequency and percentage of synchronization respira-
tory rate with guiding tones, and breath detection. While we
observed no HF-associated adverse events during 6 months
of SLOWB home training, this requires further investigation
in future clinical trials.

In conclusion, our study suggests that SLOWB, with the
use of RESPeRATE, if applied adequately (i.e. therapeutic
breathing rate < 10 breaths/min achieved daily and synchro-
nised with guiding tones as recommended in the RESPeR-
ATE’s built-in memory stores) can slow the progression of
severe HFTEF in patients on optimal medical therapy, irre-
spective of the underlying aetiology of HF. The objective

evidence for the benefits associated with SLOWB indicates
that an extensive use of this intervention as an add-on ther-
apy to the state-of-the-art management for HF may have a
substantial impact on patient care and clinical outcomes,
which should be further confirmed through larger clinical
trials with longer term observations.

Acknowledgements This study was supported by Research Fellowship
Grant from the European Society of Hypertension (01/2007) and the
Statutory Grant (ST-85/2015) of the Medical University of Gdansk.

Compliance with ethical standards

Conflict of interest All the authors declare that they have no compet-
ing interests.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Riedel O, Ohlmeier C, Enders D, Elsasser A, Vizcaya D, Michel
A, Eberhard S, Schlothauer N, Berg J, Garbe E (2018) The con-
tribution of comorbidities to mortality in hospitalized patients
with heart failure. Clin Res Cardiol 107(6):487—-497. https://doi.
org/10.1007/s00392-018-1210-x

2. Krone M, Dufner V, Wagner M, Gelbrich G, Ertl G, Heuschmann
PU (2018) Public funding for medical research in relation to the
burden of disease caused by cardiovascular diseases and neo-
plasms in Germany. Clin Res Cardiol. https://doi.org/10.1007/
s00392-018-1240-4

3. Kirchhof G, Lindner JF, Achenbach S, Berger K, Blankenberg
S, Fangerau H, Gimpel H, Gassner UM, Kersten J, Magnus D,
Rebscher H, Schunkert H, Rixen S, Kirchhof P (2018) Stratified
prevention: opportunities and limitations. Report on the 1st inter-
disciplinary cardiovascular workshop in Augsburg. Clin Res Car-
diol 107(3):193-200. https://doi.org/10.1007/s00392-017-1186-y

4. Benjamin EJ, Virani SS, Callaway CW, Chamberlain AM, Chang
AR, Cheng S, Chiuve SE, Cushman M, Delling FN, Deo R, de
Ferranti SD, Ferguson JF, Fornage M, Gillespie C, Isasi CR,
Jimenez MC, Jordan LC, Judd SE, Lackland D, Lichtman JH,
Lisabeth L, Liu S, Longenecker CT, Lutsey PL, Mackey JS,
Matchar DB, Matsushita K, Mussolino ME, Nasir K, O’Flaherty
M, Palaniappan LP, Pandey A, Pandey DK, Reeves MJ, Ritchey
MD, Rodriguez CJ, Roth GA, Rosamond WD, Sampson UKA,
Satou GM, Shah SH, Spartano NL, Tirschwell DL, Tsao CW,
Voeks JH, Willey JZ, Wilkins JT, Wu JH, Alger HM, Wong SS,
Muntner P, American Heart Association Council on E, Prevention
Statistics C, Stroke Statistics S (2018) Heart disease and stroke
statistics-2018 update: a report from the American Heart Asso-
ciation. Circulation 137(12):e67—e492. https://doi.org/10.1161/
CIR.0000000000000558

5. Tschope C, Birner C, Bohm M, Bruder O, Frantz S, Luchner A,
Maier L, Stork S, Kherad B, Laufs U (2018) Heart failure with
preserved ejection fraction: current management and future strate-
gies: expert opinion on the behalf of the Nucleus of the “Heart
Failure Working Group” of the German Society of Cardiology

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00392-018-1210-x
https://doi.org/10.1007/s00392-018-1210-x
https://doi.org/10.1007/s00392-018-1240-4
https://doi.org/10.1007/s00392-018-1240-4
https://doi.org/10.1007/s00392-017-1186-y
https://doi.org/10.1161/CIR.0000000000000558
https://doi.org/10.1161/CIR.0000000000000558

58

Clinical Research in Cardiology (2019) 108:48-60

10.

11.

12.

13.

14.

15.

(DKG). Clin Res Cardiol 107(1):1-19. https://doi.org/10.1007/
$00392-017-1170-6

Llorens P, Javaloyes P, Martin-Sanchez FJ, Jacob J, Herrero-
Puente P, Gil V, Garrido JM, Salvo E, Fuentes M, Alonso H,
Richard F, Lucas FJ, Bueno H, Parissis J, Muller CE, Miro O,
Group I-SR (2018) Time trends in characteristics, clinical course,
and outcomes of 13,791 patients with acute heart failure. Clin Res
Cardiol. https://doi.org/10.1007/s00392-018-1261-z

Kaspar M, Fette G, Guder G, Seidlmayer L, Ertl M, Dietrich G,
Greger H, Puppe F, Stork S (2018) Underestimated prevalence of
heart failure in hospital inpatients: a comparison of ICD codes
and discharge letter information. Clin Res Cardiol. https://doi.
org/10.1007/s00392-018-1245-z

Palazzuoli A, Ruocco G, Beltrami M, Nuti R, Cleland JG (2018)
Combined use of lung ultrasound, B-type natriuretic peptide, and
echocardiography for outcome prediction in patients with acute
HFrEF and HFpEF. Clin Res Cardiol. https://doi.org/10.1007/
s00392-018-1221-7

Heider K, Arzt M, Lerzer C, Kolb L, Pfeifer M, Maier LS, Gfull-
ner F, Malfertheiner MV (2018) Adaptive servo-ventilation
and sleep quality in treatment emergent central sleep apnea and
central sleep apnea in patients with heart disease and preserved
ejection fraction. Clin Res Cardiol 107(5):421-429. https://doi.
org/10.1007/s00392-018-1203-9

Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats
AJ, Falk V, Gonzalez-Juanatey JR, Harjola VP, Jankowska EA,
Jessup M, Linde C, Nihoyannopoulos P, Parissis JT, Pieske B,
Riley JP, Rosano GM, Ruilope LM, Ruschitzka F, Rutten FH, van
der Meer P, Authors/Task Force M (2016) 2016 ESC Guidelines
for the diagnosis and treatment of acute and chronic heart fail-
ure: the Task Force for the diagnosis and treatment of acute and
chronic heart failure of the European Society of Cardiology (ESC)
Developed with the special contribution of the Heart Failure Asso-
ciation (HFA) of the ESC. Eur Heart J 37(27):2129-2200. https://
doi.org/10.1093/eurheartj/ehw128

Khoury S, Carmon S, Margolis G, Keren G, Shacham Y (2017)
Incidence and outcomes of early left ventricular thrombus fol-
lowing ST-elevation myocardial infarction treated with primary
percutaneous coronary intervention. Clin Res Cardiol 106(9):695—
701. https://doi.org/10.1007/s00392-017-1111-4

Schroten NF, Damman K, Valente MA, Smilde TD, van Veld-
huisen DJ, Navis G, Gaillard CA, Voors AA, Hillege HL (2016)
Long-term changes in renal function and perfusion in heart fail-
ure patients with reduced ejection fraction. Clin Res Cardiol
105(1):10-16. https://doi.org/10.1007/s00392-015-0881-9
Baumann S, Werner N, Ibrahim K, Westenfeld R, Al-Rashid
F, Sinning JM, Westermann D, Schafer A, Karatolios K, Bauer
T, Becher T, Akin I (2018) Indication and short-term clini-
cal outcomes of high-risk percutaneous coronary intervention
with microaxial Impella(R) pump: results from the German
Impella(R) registry. Clin Res Cardiol. https://doi.org/10.1007/
500392-018-1230-6

Koo HJ, Ha H, Kang JW, Kim JA, Song JK, Kim HJ, Lim TH,
Yang DH (2018) Impact of pannus formation on hemodynamic
dysfunction of prosthetic aortic valve: pannus extent and its rela-
tionship to prosthetic valve motion and degree of stenosis. Clin
Res Cardiol. https://doi.org/10.1007/s00392-018-1217-3
Radenovic S, Loncar G, Busjahn A, Apostolovic S, Zdravkovic
M, Karlicic V, Veskovic J, Tahirovic E, Butler J, Dungen HD
(2018) Systemic inflammation and functional capacity in elderly
heart failure patients. Clin Res Cardiol 107(4):362-367. https://
doi.org/10.1007/s00392-017-1195-x

. Tilemann LM, Heckmann MB, Katus HA, Lehmann LH, Mul-

ler OJ (2018) Cardio-oncology: conflicting priorities of anti-
cancer treatment and cardiovascular outcome. Clin Res Cardiol
107(4):271-280. https://doi.org/10.1007/s00392-018-1202-x

@ Springer

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Escher F, Kuhl U, Lassner D, Poller W, Westermann D, Pieske B,
Tschope C, Schultheiss HP (2016) Long-term outcome of patients
with virus-negative chronic myocarditis or inflammatory cardio-
myopathy after immunosuppressive therapy. Clin Res Cardiol
105(12):1011-1020. https://doi.org/10.1007/s00392-016-1011-z
Miro O, Gil VI, Martin-Sanchez FJ, Jacob J, Herrero P, Alquezar
A, Llauger L, Aguilo S, Martinez G, Rios J, Dominguez-Rodri-
guez A, Harjola VP, Muller C, Parissis J, Peacock WF, Llorens
P, Research Group on Acute Heart Failure of the Spanish Soci-
ety of Emergency Medicine R (2018) Short-term outcomes of
heart failure patients with reduced and preserved ejection frac-
tion after acute decompensation according to the final destination
after emergency department care. Clin Res Cardiol. https://doi.
org/10.1007/500392-018-1237-z

Aggarwal R, Mirzan H, Chiu N, Steinkamp J (2018) Heart failure
and the discrepancy between trials of intensive blood pressure
management: an analysis of individual patient data. Clin Res Car-
diol. https://doi.org/10.1007/s00392-018-1218-2

Rauch G, Kieser M, Binder H, Bayes-Genis A, Jahn-Eimermacher
A (2018) Time-to-first-event versus recurrent-event analysis:
points to consider for selecting a meaningful analysis strategy
in clinical trials with composite endpoints. Clin Res Cardiol
107(5):437-443. https://doi.org/10.1007/s00392-018-1205-7
Stiermaier T, Santoro F, Graf T, Guastafierro F, Tarantino N,
De Gennaro L, Caldarola P, Di Biase M, Thiele H, Brunetti ND,
Moller C, Eitel I (2018) Prognostic value of N-terminal Pro-B-
type natriuretic peptide in Takotsubo syndrome. Clin Res Cardiol.
https://doi.org/10.1007/s00392-018-1227-1

Morbach C, Buck T, Rost C, Peter S, Gunther S, Stork S, Prettin
C, Erbel R, Ertl G, Angermann CE, Handheld BNPRN (2018)
Point-of-care B-type natriuretic peptide and portable echocardi-
ography for assessment of patients with suspected heart failure
in primary care: rationale and design of the three-part Handheld-
BNP program and results of the training study. Clin Res Cardiol
107(2):95-107. https://doi.org/10.1007/s00392-017-1181-3
Badertscher P, Strebel I, Honegger U, Schaerli N, Mueller D,
Puelacher C, Wagener M, Abacherli R, Walter J, Sabti Z, Sazgary
L, Marbot S, du Fay de Lavallaz J, Twerenbold R, Boeddinghaus
J, Nestelberger T, Kozhuharov N, Breidthardt T, Shrestha S, Flo-
res D, Schumacher C, Wild D, Osswald S, Zellweger MJ, Mueller
C, Reichlin T (2018) Automatically computed ECG algorithm for
the quantification of myocardial scar and the prediction of mortal-
ity. Clin Res Cardiol. https://doi.org/10.1007/s00392-018-1253-z
Frohlich H, Torres L, Tager T, Schellberg D, Corletto A, Kazmi
S, Goode K, Grundtvig M, Hole T, Katus HA, Cleland JGF, Atar
D, Clark AL, Agewall S, Frankenstein L (2017) Bisoprolol com-
pared with carvedilol and metoprolol succinate in the treatment of
patients with chronic heart failure. Clin Res Cardiol 106(9):711-
721. https://doi.org/10.1007/s00392-017-1115-0

Ishihara S, Gayat E, Sato N, Arrigo M, Laribi S, Legrand M,
Placido R, Manivet P, Cohen-Solal A, Abraham WT, Jessup M,
Mebazaa A (2016) Similar hemodynamic decongestion with
vasodilators and inotropes: systematic review, meta-analysis,
and meta-regression of 35 studies on acute heart failure. Clin
Res Cardiol 105(12):971-980. https://doi.org/10.1007/s0039
2-016-1009-6

de Tymowski C, Atchade E, Montravers P, Provenchere S (2018)
Beta-blockers do not protect against cardiac toxicity of hyper-
kalemia: response to the article by Legrand et al. ‘Association
between hypo- and hyperkalemia and outcome in acute heart fail-
ure patients: the role of medications’ [1]. Clin Res Cardiol. https
://doi.org/10.1007/s00392-018-1226-2

Nakou ES, Marketou ME, Vardas PE, Parthenakis FI (2018) The
clinical relevance of drug-drug interaction between co-trimoxa-
zole and sacubitril/valsartan treatment in a heart failure patient:
a case report and overview of mechanisms and management in


https://doi.org/10.1007/s00392-017-1170-6
https://doi.org/10.1007/s00392-017-1170-6
https://doi.org/10.1007/s00392-018-1261-z
https://doi.org/10.1007/s00392-018-1245-z
https://doi.org/10.1007/s00392-018-1245-z
https://doi.org/10.1007/s00392-018-1221-7
https://doi.org/10.1007/s00392-018-1221-7
https://doi.org/10.1007/s00392-018-1203-9
https://doi.org/10.1007/s00392-018-1203-9
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1007/s00392-017-1111-4
https://doi.org/10.1007/s00392-015-0881-9
https://doi.org/10.1007/s00392-018-1230-6
https://doi.org/10.1007/s00392-018-1230-6
https://doi.org/10.1007/s00392-018-1217-3
https://doi.org/10.1007/s00392-017-1195-x
https://doi.org/10.1007/s00392-017-1195-x
https://doi.org/10.1007/s00392-018-1202-x
https://doi.org/10.1007/s00392-016-1011-z
https://doi.org/10.1007/s00392-018-1237-z
https://doi.org/10.1007/s00392-018-1237-z
https://doi.org/10.1007/s00392-018-1218-2
https://doi.org/10.1007/s00392-018-1205-7
https://doi.org/10.1007/s00392-018-1227-1
https://doi.org/10.1007/s00392-017-1181-3
https://doi.org/10.1007/s00392-018-1253-z
https://doi.org/10.1007/s00392-017-1115-0
https://doi.org/10.1007/s00392-016-1009-6
https://doi.org/10.1007/s00392-016-1009-6
https://doi.org/10.1007/s00392-018-1226-2
https://doi.org/10.1007/s00392-018-1226-2

Clinical Research in Cardiology (2019) 108:48-60

59

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

clinical practice. Clin Res Cardiol 107(6):524-526. https://doi.
org/10.1007/s00392-018-1201-y

Buckert D, Cieslik M, Tibi R, Radermacher M, Rasche V, Bern-
hardt P, Hombach V, Rottbauer W, Wohrle J (2018) Longitudinal
strain assessed by cardiac magnetic resonance correlates to hemo-
dynamic findings in patients with severe aortic stenosis and pre-
dicts positive remodeling after transcatheter aortic valve replace-
ment. Clin Res Cardiol 107(1):20-29. https://doi.org/10.1007/
500392-017-1153-7

Bleiziffer S, Bosmans J, Brecker S, Gerckens U, Wenaweser P,
Tamburino C, Linke A, Investigators AS (2017) Insights on mid-
term TAVR performance: 3-year clinical and echocardiographic
results from the CoreValve ADVANCE study. Clin Res Cardiol
106(10):784-795. https://doi.org/10.1007/s00392-017-1120-3
Rother J, Achenbach S, Trobs M, Blachutzik F, Nef H, Marwan M,
Schlundt C (2016) Comparison of standard- and high-dose intra-
coronary adenosine for the measurement of coronary fractional
flow reserve (FFR). Clin Res Cardiol 105(12):1003-1010. https
://doi.org/10.1007/s00392-016-1010-0

Bauer A, Khalil M, Ludemann M, Bauer J, Esmaeili A, De-Rosa
R, Voelkel NF, Akintuerk H, Schranz D (2018) Creation of a
restrictive atrial communication in heart failure with preserved
and mid-range ejection fraction: effective palliation of left atrial
hypertension and pulmonary congestion. Clin Res Cardiol. https
://doi.org/10.1007/s00392-018-1255-x

Schmack B, Weymann A, Ruschitzka F, Autschbach R, Raake
PW, Jurrmann N, Menon AK, Karck M, Wilhelm MJ, Ruhpar-
war A (2018) Successful support of biventricular heart failure
patients by new EXCOR((R)) Adult pumps with bileaflet valves:
a prospective study. Clin Res Cardiol 107(5):413-420. https://doi.
org/10.1007/s00392-017-1200-4

Miro O, Hazlitt M, Escalada X, Llorens P, Gil V, Martin-Sanchez
FJ, Harjola P, Rico V, Herrero-Puente P, Jacob J, Cone DC,
Mockel M, Christ M, Freund Y, di Somma S, Laribi S, Mebazaa
A, Harjola VP, Group I-SR (2018) Effects of the intensity of pre-
hospital treatment on short-term outcomes in patients with acute
heart failure: the SEMICA-2 study. Clin Res Cardiol 107(4):347—
361. https://doi.org/10.1007/s00392-017-1190-2

Schewel J, Schewel D, Frerker C, Wohlmuth P, Kuck KH, Schafer
U (2016) Invasive hemodynamic assessments during transcath-
eter aortic valve implantation: comparison of patient outcomes
in higher vs. lower transvalvular gradients with respect to left
ventricular ejection fraction. Clin Res Cardiol 105(1):59-71. https
://doi.org/10.1007/s00392-015-0889-1

Gronda E, Brambilla G, Seravalle G, Maloberti A, Cairo M, Cos-
tantino G, Lovett E, Vanoli E, Mancia G, Grassi G (2016) Effects
of chronic carotid baroreceptor activation on arterial stiffness in
severe heart failure. Clin Res Cardiol 105(10):838-846. https://
doi.org/10.1007/500392-016-0992-y

Linz D, Fox H, Bitter T, Spiesshofer J, Schobel C, Skobel E,
Turoff A, Bohm M, Cowie MR, Arzt M, Oldenburg O (2016)
Impact of SERVE-HF on management of sleep disordered breath-
ing in heart failure: a call for further studies. Clin Res Cardiol
105(7):563-570. https://doi.org/10.1007/s00392-016-0970-4
Hetzenecker A, Roth T, Birner C, Maier LS, Pfeifer M, Arzt M
(2016) Adaptive servo-ventilation therapy of central sleep apnoea
and its effect on sleep quality. Clin Res Cardiol 105(3):189-195.
https://doi.org/10.1007/s00392-015-0904-6

Abdelghani M, Cavalcante R, Miyazaki Y, de Winter RJ, Sar-
mento-Leite R, Mangione JA, Abizaid A, Lemos PA, Serruys
PW, de Brito FS Jr (2017) Prevalence, predictors, and prognos-
tic implications of residual impairment of functional capacity
after transcatheter aortic valve implantation. Clin Res Cardiol
106(9):752-759. https://doi.org/10.1007/s00392-017-1119-9
Omran H, Bitter T, Horstkotte D, Oldenburg O, Fox H (2018)
Characteristics and circadian distribution of cardiac arrhythmias

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

in patients with heart failure and sleep-disordered breathing. Clin
Res Cardiol. https://doi.org/10.1007/s00392-018-1269-4
Oldenburg O, Wellmann B, Bitter T, Fox H, Buchholz A, Freiwald
E, Horstkotte D, Wegscheider K (2018) Adaptive servo-ventila-
tion to treat central sleep apnea in heart failure with reduced ejec-
tion fraction: the Bad Oeynhausen prospective ASV registry. Clin
Res Cardiol. https://doi.org/10.1007/s00392-018-1239-x
Nikolaidou T, Pellicori P, Zhang J, Kazmi S, Goode KM, Cleland
JG, Clark AL (2018) Prevalence, predictors, and prognostic impli-
cations of PR interval prolongation in patients with heart failure.
Clin Res Cardiol 107(2):108-119. https://doi.org/10.1007/s0039
2-017-1162-6

FuM, Ahrenmark U, Berglund S, Lindholm CJ, Lehto A, Broberg
AM, Tasevska-Dinevska G, Wikstrom G, Agard A, Andersson
B, All investigators of the HRHFs (2017) Adherence to optimal
heart rate control in heart failure with reduced ejection fraction:
insight from a survey of heart rate in heart failure in Sweden
(HR-HF study). Clin Res Cardiol 106(12):960-973. https://doi.
org/10.1007/s00392-017-1146-6

Bernardi L, Spadacini G, Bellwon J, Hajric R, Roskamm H, Frey
AW (1998) Effect of breathing rate on oxygen saturation and exer-
cise performance in chronic heart failure. Lancet 351(9112):1308-
1311. https://doi.org/10.1016/S0140-6736(97)10341-5

Bernardi L, Porta C, Spicuzza L, Bellwon J, Spadacini G, Frey
AW, Yeung LY, Sanderson JE, Pedretti R, Tramarin R (2002)
Slow breathing increases arterial baroreflex sensitivity in patients
with chronic heart failure. Circulation 105(2):143-145

Muller D, Remppis A, Schauerte P, Schmidt-Schweda S, Burkhoff
D, Rousso B, Gutterman D, Senges J, Hindricks G, Kuck KH
(2017) Clinical effects of long-term cardiac contractility modula-
tion (CCM) in subjects with heart failure caused by left ventricular
systolic dysfunction. Clin Res Cardiol 106(11):893-904. https://
doi.org/10.1007/s00392-017-1135-9

Parati G, Malfatto G, Boarin S, Branzi G, Caldara G, Giglio A,
Bilo G, Ongaro G, Alter A, Gavish B, Mancia G (2008) Device-
guided paced breathing in the home setting: effects on exercise
capacity, pulmonary and ventricular function in patients with
chronic heart failure: a pilot study. Circ Heart Fail 1(3):178-183.
https://doi.org/10.1161/CIRCHEARTFAILURE.108.772640
Kawauchi TS, Umeda IIK, Braga LM, Mansur AD, Rossi-Neto
JM, Sousa AGDR, Hirata MH, Cahalin LP, Nakagawa NK (2017)
Is there any benefit using low-intensity inspiratory and periph-
eral muscle training in heart failure? A randomized clinical trial.
Clin Res Cardiol 106(9):676-685. https://doi.org/10.1007/s0039
2-017-1089-y

Ekman I, Kjellstrom B, Falk K, Norman J, Swedberg K (2011)
Impact of device-guided slow breathing on symptoms of chronic
heart failure: a randomized, controlled feasibility study. Eur J
Heart Fail 13(9):1000-1005. https://doi.org/10.1093/eurjhf/hfr090
Drozdz T, Bilo G, Debicka-Dabrowska D, Klocek M, Malfatto G,
Kielbasa G, Styczkiewicz K, Bednarek A, Czarnecka D, Parati G,
Kawecka-Jaszcz K (2016) Blood pressure changes in patients with
chronic heart failure undergoing slow breathing training. Blood
Press 25(1):4-10. https://doi.org/10.3109/08037051.2016.10998
00

Kawecka-Jaszcz K, Bilo G, Drozdz T, Debicka—Dabrowska D,
Kielbasa G, Malfatto G, Styczkiewicz K, Lombardi C, Bednarek
A, Salerno S, Czarnecka D, Parati G (2017) Effects of device-
guided slow breathing training on exercise capacity, cardiac func-
tion, and respiratory patterns during sleep in male and female
patients with chronic heart failure. Pol Arch Intern Med 127(1):8-
15. https://doi.org/10.20452/pamw.3890

Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats
Al, Falk V, Gonzalez-Juanatey JR, Harjola VP, Jankowska EA,
Jessup M, Linde C, Nihoyannopoulos P, Parissis JT, Pieske B,
Riley JP, Rosano GM, Ruilope LM, Ruschitzka F, Rutten FH, van

@ Springer


https://doi.org/10.1007/s00392-018-1201-y
https://doi.org/10.1007/s00392-018-1201-y
https://doi.org/10.1007/s00392-017-1153-7
https://doi.org/10.1007/s00392-017-1153-7
https://doi.org/10.1007/s00392-017-1120-3
https://doi.org/10.1007/s00392-016-1010-0
https://doi.org/10.1007/s00392-016-1010-0
https://doi.org/10.1007/s00392-018-1255-x
https://doi.org/10.1007/s00392-018-1255-x
https://doi.org/10.1007/s00392-017-1200-4
https://doi.org/10.1007/s00392-017-1200-4
https://doi.org/10.1007/s00392-017-1190-2
https://doi.org/10.1007/s00392-015-0889-1
https://doi.org/10.1007/s00392-015-0889-1
https://doi.org/10.1007/s00392-016-0992-y
https://doi.org/10.1007/s00392-016-0992-y
https://doi.org/10.1007/s00392-016-0970-4
https://doi.org/10.1007/s00392-015-0904-6
https://doi.org/10.1007/s00392-017-1119-9
https://doi.org/10.1007/s00392-018-1269-4
https://doi.org/10.1007/s00392-018-1239-x
https://doi.org/10.1007/s00392-017-1162-6
https://doi.org/10.1007/s00392-017-1162-6
https://doi.org/10.1007/s00392-017-1146-6
https://doi.org/10.1007/s00392-017-1146-6
https://doi.org/10.1016/S0140-6736(97)10341-5
https://doi.org/10.1007/s00392-017-1135-9
https://doi.org/10.1007/s00392-017-1135-9
https://doi.org/10.1161/CIRCHEARTFAILURE.108.772640
https://doi.org/10.1007/s00392-017-1089-y
https://doi.org/10.1007/s00392-017-1089-y
https://doi.org/10.1093/eurjhf/hfr090
https://doi.org/10.3109/08037051.2016.1099800
https://doi.org/10.3109/08037051.2016.1099800
https://doi.org/10.20452/pamw.3890

60

Clinical Research in Cardiology (2019) 108:48-60

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

der Meer P (2016) 2016 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure. Kardiologia polska
74(10):1037-1147. https://doi.org/10.5603/KP.2016.0141
Hering D, Kucharska W, Kara T, Somers VK, Narkiewicz K
(2011) Resting sympathetic outflow does not predict the morning
blood pressure surge in hypertension. J Hypertens 29(12):2381—
2386. https://doi.org/10.1097/HJH.0b013e32834c1ecd

Task Force of the European Society of Cardiology and the North
American Society of Pacing and Electrophysiology (1996) Heart
rate variability: standards of measurement, physiological interpre-
tation and clinical use. Circulation 93(5):1043-1065. https://doi.
org/10.1161/01.CIR.93.5.1043

Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A,
Ernande L, Flachskampf FA, Foster E, Goldstein SA, Kuznet-
sova T, Lancellotti P, Muraru D, Picard MH, Rietzschel ER,
Rudski L, Spencer KT, Tsang W, Voigt JU (2015) Recommenda-
tions for cardiac chamber quantification by echocardiography in
adults: an update from the American Society of Echocardiogra-
phy and the European Association of Cardiovascular Imaging. J
Am Soc Echocardiogr 28(1):1-39 e14. https://doi.org/10.1016/j.
echo.2014.10.003

Khoury S, Steinvil A, Gal-Oz A, Margolis G, Hochstatd A, Topil-
sky Y, Keren G, Shacham Y (2018) Association between central
venous pressure as assessed by echocardiography, left ventricular
function and acute cardio-renal syndrome in patients with ST seg-
ment elevation myocardial infarction. Clin Res Cardiol. https://
doi.org/10.1007/s00392-018-1266-7

Zelniker TA, Huscher D, Vonk-Noordegraaf A, Ewert R, Lange
TJ, Klose H, Dumitrescu D, Halank M, Held M, Gall H, Pittrow
D, Hoeper MM, Frankenstein L (2018) The 6MWT as a prog-
nostic tool in pulmonary arterial hypertension: results from the
COMPERA registry. Clin Res Cardiol 107(6):460-470. https://
doi.org/10.1007/s00392-018-1207-5

Albouaini K, Egred M, Alahmar A, Wright DJ (2007) Cardiopul-
monary exercise testing and its application. Heart 93(10):1285-
1292. https://doi.org/10.1136/hrt.2007.121558

Salzwedel A, Reibis R, Wegscheider K, Eichler S, Buhlert H,
Kaminski S, Voller H (2016) Cardiopulmonary exercise testing
is predictive of return to work in cardiac patients after multicom-
ponent rehabilitation. Clin Res Cardiol 105(3):257-267. https://
doi.org/10.1007/s00392-015-0917-1

Myrstad M, Aaronaes M, Graff-Iversen S, Ariansen I, Nystad
W, Ranhoff AH (2016) Physical activity, symptoms, medication
and subjective health among veteran endurance athletes with
atrial fibrillation. Clin Res Cardiol 105(2):154-161. https://doi.
org/10.1007/s00392-015-0898-0

Laurent S, Cockcroft J, Van Bortel L, Boutouyrie P, Giannattasio
C, Hayoz D, Pannier B, Vlachopoulos C, Wilkinson I, Struijker-
Boudier H, European Network for Non-invasive Investigation of
Large A (2006) Expert consensus document on arterial stiffness:
methodological issues and clinical applications. Eur Heart J 27
(21):2588-2605. https://doi.org/10.1093/eurheartj/eh1254

Van Bortel LM, Laurent S, Boutouyrie P, Chowienczyk P, Cruick-
shank JK, De Backer T, Filipovsky J, Huybrechts S, Mattace-Raso
FU, Protogerou AD, Schillaci G, Segers P, Vermeersch S, Weber
T, Artery S, European Society of Hypertension Working Group on
Vascular S, Function, European Network for Noninvasive Inves-
tigation of Large A (2012) Expert consensus document on the
measurement of aortic stiffness in daily practice using carotid-
femoral pulse wave velocity. J Hypertens 30 (3):445-448. https://
doi.org/10.1097/HJH.0b013e32834fa8b0

@ Springer

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Roth S, Fox H, Fuchs U, Schulz U, Costard-Jackle A, Gummert
JF, Horstkotte D, Oldenburg O, Bitter T (2018) Noninvasive pulse
contour analysis for determination of cardiac output in patients
with chronic heart failure. Clin Res Cardiol 107(5):395—404. https
://doi.org/10.1007/s00392-017-1198-7

Hering D, Kucharska W, Kara T, Somers VK, Parati G, Narkie-
wicz K (2013) Effects of acute and long-term slow breathing
exercise on muscle sympathetic nerve activity in untreated male
patients with hypertension. J Hypertens 31(4):739-746. https://
doi.org/10.1097/HJH.0b013e32835eb2cf

Bittner V, Weiner DH, Yusuf S, Rogers WJ, McIntyre KM, Bang-
diwala SI, Kronenberg MW, Kostis JB, Kohn RM, Guillotte M
et al (1993) Prediction of mortality and morbidity with a 6-minute
walk test in patients with left ventricular dysfunction. SOLVD
Investigators. JAMA 270(14):1702-1707

Arab C, Vanderlei LCM, da Silva Paiva L, Fulghum KL, Fristachi
CE, Nazario ACP, Elias S, Gebrim LH, Ferreira Filho C, Gidron
Y, Ferreira C (2018) Cardiac autonomic modulation impairments
in advanced breast cancer patients. Clin Res Cardiol. https://doi.
org/10.1007/s00392-018-1264-9

Spicuzza L, Gabutti A, Porta C, Montano N, Bernardi L (2000)
Yoga and chemoreflex response to hypoxia and hypercapnia.
Lancet 356(9240):1495-1496. https://doi.org/10.1016/S0140
-6736(00)02881-6

Bernardi L, Porta C, Spicuzza L, Bellwon J, Spadacini G, Frey
AW, Yeung LYC, Sanderson JE, Pedretti R, Tramarin R (2002)
Slow breathing increases arterial baroreflex sensitivity in patients
with chronic heart failure. Circulation 105(2):143-145. doi:https
://doi.org/10.1161/hc0202.103311

Ledwoch J, Franke J, Lubos E, Boekstegers P, Puls M, Ouar-
rak T, von Bardeleben S, Butter C, Schofer J, Zahn R, Ince H,
Senges J, Sievert H (2018) Prognostic value of preprocedural
6-min walk test in patients undergoing transcatheter mitral valve
repair-insights from the German transcatheter mitral valve inter-
ventions registry. Clin Res Cardiol 107(3):241-248. https://doi.
org/10.1007/s00392-017-1177-z

Raphael C, Briscoe C, Davies J, Ian Whinnett Z, Manisty C,
Sutton R, Mayet J, Francis DP (2007) Limitations of the New
York Heart Association functional classification system and
self-reported walking distances in chronic heart failure. Heart
93(4):476-482. https://doi.org/10.1136/hrt.2006.089656

Arena R, Myers J, Williams MA, Gulati M, Kligfield P, Balady
GJ, Collins E, Fletcher G, American Heart Association Committee
on Exercise R, Prevention of the Council on Clinical C, American
Heart Association Council on Cardiovascular N (2007) Assess-
ment of functional capacity in clinical and research settings: a
scientific statement from the American Heart Association Com-
mittee on Exercise, Rehabilitation, and Prevention of the Council
on Clinical Cardiology and the Council on Cardiovascular Nurs-
ing. Circulation 116(3):329-343. https://doi.org/10.1161/CIRCU
LATIONAHA.106.184461

Guazzi M, Dickstein K, Vicenzi M, Arena R (2009) Six-min-
ute walk test and cardiopulmonary exercise testing in patients
with chronic heart failure: a comparative analysis on clinical and
prognostic insights. Circ Heart Fail 2(6):549-555. https://doi.
org/10.1161/CIRCHEARTFAILURE.109.881326

Brack T, Thuer I, Clarenbach CF, Senn O, Noll G, Russi EW,
Bloch KE (2007) Daytime Cheyne—Stokes respiration in ambula-
tory patients with severe congestive heart failure is associated
with increased mortality. Chest 132(5):1463-1471. https://doi.
org/10.1378/chest.07-0121


https://doi.org/10.5603/KP.2016.0141
https://doi.org/10.1097/HJH.0b013e32834c1ecd
https://doi.org/10.1161/01.CIR.93.5.1043
https://doi.org/10.1161/01.CIR.93.5.1043
https://doi.org/10.1016/j.echo.2014.10.003
https://doi.org/10.1016/j.echo.2014.10.003
https://doi.org/10.1007/s00392-018-1266-7
https://doi.org/10.1007/s00392-018-1266-7
https://doi.org/10.1007/s00392-018-1207-5
https://doi.org/10.1007/s00392-018-1207-5
https://doi.org/10.1136/hrt.2007.121558
https://doi.org/10.1007/s00392-015-0917-1
https://doi.org/10.1007/s00392-015-0917-1
https://doi.org/10.1007/s00392-015-0898-0
https://doi.org/10.1007/s00392-015-0898-0
https://doi.org/10.1093/eurheartj/ehl254
https://doi.org/10.1097/HJH.0b013e32834fa8b0
https://doi.org/10.1097/HJH.0b013e32834fa8b0
https://doi.org/10.1007/s00392-017-1198-7
https://doi.org/10.1007/s00392-017-1198-7
https://doi.org/10.1097/HJH.0b013e32835eb2cf
https://doi.org/10.1097/HJH.0b013e32835eb2cf
https://doi.org/10.1007/s00392-018-1264-9
https://doi.org/10.1007/s00392-018-1264-9
https://doi.org/10.1016/S0140-6736(00)02881-6
https://doi.org/10.1016/S0140-6736(00)02881-6
https://doi.org/10.1161/hc0202.103311
https://doi.org/10.1161/hc0202.103311
https://doi.org/10.1007/s00392-017-1177-z
https://doi.org/10.1007/s00392-017-1177-z
https://doi.org/10.1136/hrt.2006.089656
https://doi.org/10.1161/CIRCULATIONAHA.106.184461
https://doi.org/10.1161/CIRCULATIONAHA.106.184461
https://doi.org/10.1161/CIRCHEARTFAILURE.109.881326
https://doi.org/10.1161/CIRCHEARTFAILURE.109.881326
https://doi.org/10.1378/chest.07-0121
https://doi.org/10.1378/chest.07-0121

	Long-term effects of device-guided slow breathing in stable heart failure patients with reduced ejection fraction
	Abstract
	Background 
	Methods and results 
	Conclusions 

	Introduction
	Methods
	Subjects
	Study settings
	Study protocol
	Office and ambulatory blood pressure
	24-h Holter ECG
	Transthoracic echocardiography
	Six-minute walk test (6MWT)
	Cardiopulmonary exercise testing (CPET)
	Pulse wave velocity
	Serum biochemistry
	Interventions
	Acute effects of slow breathing
	Decompensated chronic HF
	Slow-breathing technique
	Randomisation

	Statistical analysis

	Results
	Acute effects of SLOWB
	Long-term effects of SLOWB on respiration
	Effects of SLOWB on BP
	Effects of SLOWB on functional performance
	Effects of SLOWB on PWV and echocardiography
	Effects of SLOWB on HRV
	Effects of SLOWB on CV outcomes

	Discussion
	Study limitations

	Acknowledgements 
	References


