Co-Morbidities

Sleep-Disordered Breathing During Congestive Heart Failure:
To Intervene or Not to Intervene?

Ali Valika and Maria Rosa Costanzo

Advocate Medical Group — Midwest Heart Specialists, Advocate Heart Institute, Oak Brook, IL, USA

Abstract
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Sleep-disordered breathing is common in heart failure patients and is associated with increased morbidity and mortality. Central sleep
apnea occurs more commonly in heart failure-reduced ejection fraction, and obstructive sleep apnea occurs more frequently in heart
failure with preserved ejection fraction. Although the two types of sleep-disordered breathing have distinct pathophysiologic mechanisms,
both contribute to abnormal cardiovascular consequences. Treatment with continuous positive airway pressure for obstructive sleep
apnea in heart failure has been well defined, whereas treatment strategies for central sleep apnea in heart failure continue to evolve.
Unilateral transvenous neurostimulation has shown promise for the treatment of central sleep apnea. In this paper, we examine the
current state of knowledge of treatment options for sleep-disordered breathing in heart failure.
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Sleep-disordered breathing (SDB) is common in heart failure
(HF) patients and is associated with increased morbidity and
mortality. Abnormal sleep patterns are often characterised by
cycles of significant pauses in breathing and partial neurological
arousals that lead to maladaptive neurohormonal activation. SDB
is broadly classified into two types: obstructive sleep apnea
(OSA) and central sleep apnea (CSA). The former occurs in both
the general and HF populations, whereas the latter is more often
associated with HF."2Whereas the benefits of treatment for OSA
have been repeatedly confirmed in the literature, the effectiveness
and safety of treatments for CSA in HF remains controversial.>*
This brief review will explore the pathophysiology of SDB in HF, and
discuss the effects of various treatment options specifically in this
patient population.

Definition and Epidemiology

An apnea is defined as the absence of inspiratory airflow for
at least 10 seconds. A hypopnea is a lesser decrease in airflow,
associated with a drop in arterial oxygen saturation and/or an
arousal. Apneas and hypopneas are classified according to type of
SDB in which they occur: OSA occurs when upper airway occlusion
occurs with continued activity of inspiratory thoracic pump muscles;
CSA occurs when there is a reduction in neural stimulus to thoracic
respiratory muscles (diaphragm and intercostal muscles), leading to a
reduction/or absence of the breathing rhythm, without upper airway
obstruction.® The apnea-hypopnea index (AHI), defined as the mean
number of apnea and/or hypopnea episodes that occur during sleep
divided by the number of hours of sleep, expressed as events/h,
defines severity of SDB. Mild severity is defined as an AHI between 5
and 15 events/h, moderate severity as an AHI >15 events/h but <30
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events/h, and severe sleep apnea as >30 events/h. Numerous studies
have shown that mortality rises as the AHI increases.s’

HF is one of the most common underlying conditions for SDB in adults,
and more than 50 % of HF patients have SDB.®? This disorder occurs
in both HF with reduced ejection fraction (HFrEF), as well as HF with
preserved ejection fraction (HFpEF). In a meta-analysis of several real-
world sleep studies, the combined incidence of sleep apnea in HF is
estimated at 53 % in HFrEF and 48 % in HFpEF patients. CSA occurs
more frequently in HFrEF (34 % of patients), and OSA occurs more
frequently in HFpEF (25 % of patients).” The OSA phenotype occurs
more commonly in the general population as well, with 34 % men and
17 % women being affected.” Obesity and advancing age are the major
risk factor for OSA.* Fluid overload states have also been identified as
a risk factor because nocturnal fluid shifts to the neck and chest can
cause collapse of the pharynx.”® The CSA phenotype predominates
in HF patients, with estimated rates of 30-50 %. This prevalence
is likely to be underestimated because symptoms of CSA may be
indistinguishable from those of underlying HF2 A number of risk factors
have been identified for the development of CSA in HF, including male
sex, higher New York Heart Association (NYHA) functional class, lower
ejection fraction, higher B-type natriuretic peptide levels, waking
hypocapnia (arterial partial pressure of carbon dioxide [PaCO,] <38
mmHg), higher prevalence of atrial fibrillation and frequent nocturnal
ventricular arrhythmias.”’>'* Patients with CSA are often distinct
from those with OSA, in that they are often not obese, often have no
history of snoring, and yet have more daytime fatigue.”'® Although
no screening tool has been validated to identify CSA in HF, this SDB
should be suspected when one or more of the above abnormalities
are present.’™
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Pathophysiology

Obstructive Sleep Apnea

The pathogenesis of OSA stems from a complex interaction
between unfavourable anatomic upper airway susceptibility and
sleep-related changes in upper airway function. Sleep is associated
with a decreased metabolic rate, loss of the wakefulness drive to
breathe, and a subsequent decrease in ventilatory neural output to
respiratory muscles, including upper airway muscles.™ In patients with
unfavourable anatomy, such as alterations in craniofacial structures,
enlarged tonsils, upper airway oedema, decreased lung volume due
to pulmonary oedema and obesity, vulnerability to upper airway
obstruction is more common.® With reduction in the activity of the
genioglossus muscle at the onset of sleep, the tongue falls backward,
and individuals with altered mechanical properties of the upper airway
are prone to upper airway obstruction.*'” Non-anatomic factors, such as
upper airway dilator muscle dysfunction, heightened chemosensitivity
to CO, and low arousal threshold, have also been implicated.®

Central Sleep Apnea

Commonly seen in HF patients, CSA is distinguished by the temporary
withdrawal of central (brainstem-mediated) respiratory drive that
results in the cessation of respiratory muscle activity and airflow.
The SDB pattern that subsequently results in CSA commonly
manifests in the form of Cheyne-Stokes respiration, a form of periodic
breathing with recurring cycles of crescendo decrescendo ventilation
that culminates in a prolonged apnea or hypopnea episode.” The
pathogenesis of CSA in HF is complex and remains incompletely
understood. However, a substantial body of research suggests that
an increased respiratory control response to changes in PaCO, above
and below the apneic threshold is central to the pathogenesis of CSA
in HE'®" The respiratory control system maintains tight regulation of
levels of O, and CO,, and during sleep PaCO, becomes the primary
stimulus for ventilation. Therefore, any increase in PaCO, will stimulate
ventilation, whereas any decrease in PaCO, will suppress it. Respiration
can cease altogether if PaCO, falls below the tightly regulated level
called the apneic threshold. Normally, at the onset of sleep, ventilation
decreases and PaCO, increases. This keeps the prevailing level of
PaCO, well above the apneic threshold, allowing normal, rhythmic
breathing to continue throughout the night. However, it is important
to consider that it may not be the absolute value of steady state
PaCO, that increases the likelihood of developing central apnea, but
rather the absolute difference between the prevailing PaCO, and
apneic threshold PaCO, that is more important.?® Furthermore, not
only may there be static hyperventilation in HF, alterations in various
components of the negative feedback system that control breathing
also increase the likelihood of developing periodic breathing, during
both sleep and wakefulness. Factors such as prolonged circulatory
time, increased chemoreceptor gain, and exaggerated responses
to ventilation provoke instability in the negative feedback loop and
consequent abnormal periodic breathing and CSA.”

The neurohormonal and haemodynamic alterations occurring in HF
also contribute to the development and progression of CSA. The
three key factors leading to CSA in HF include hyperventilation,
circulatory delay, and brain responses to altered concentrations of
0, and CO,." Factors leading to chronic hyperventilation typical of HF
patients include pulmonary interstitial congestion due to rostral fluid
displacement occurring in the supine position, activation of pulmonary
stretch receptors stimulating increase in ventilation, and activation
of peripheral chemoreceptors triggering an exaggerated response to
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lowered CO, levels, a mechanism which contributes to the cyclical
pattern of hyperventilation — hypoventilation and apnea.” Reduced
cardiac output in HF patients delays detection of changes in blood
gases between the peripheral and the central chemoreceptors, further
exacerbating the cyclical pattern of periodic breathing and increasing
the duration of apneic events seen with CSA.#? Cerebrovascular
reactivity is directly influenced by changes in PaCO,, and blunted
responses are noted in HF and CSA patients, leading to an ineffective
ability to dampen ventilatory hypoventilation or hyperventilation
overshoot, perpetuating episodes of CSA.%

Pathological Consequences

The repeated episodes of apnea, hypoxia, re-oxygenation, and arousal
throughout the night have serious pathophysiological consequences,
including further sympathetic nervous system (SNS) activation,
oxidative stress, systemic inflammation and endothelial dysfunction.
Repeated bursts of sympathetic activity are noted in patients with SDB,
manifesting with increased urinary nocturnal norepinephrine secretion
as well as increased daytime muscle sympathetic nerve activity.*?
The link between increased SNS activity and higher mortality in HF is
well known.?2* Arterial blood gas abnormalities, excessive arousals,
and large intrathoracic pressure swings are known to occur during
SDB.® These pressure changes may increase left ventricular afterload,
increase myocardial oxygen demand and impede stroke volume.
The exaggerated intrathoracic pressure changes during SDB can
lead to increased transmural pressure exposure to the thin walled
atria, leading to atrial stretch and susceptibility of atrial fibrillation.®
Increased oxidative stress and development of reactive oxygen species
in the setting of repeated hypoxia-reoxygenation episodes have been
postulated to occur with SDB.*" Several studies have demonstrated that
patients with sleep apnea have increased levels of pro-inflammatory
cytokines, cellular adhesion molecules, and activated circulating
neutrophils.?-* These mechanisms can lead to chronic inflammation in
SDB, which has been postulated to contribute to pulmonary oedema as
well as to the anorexia and cachexia that frequently occurs in patients
with advanced HF3%

OSA is a known risk factor for the development of arterial hypertension,
and is associated with an increased incidence of stroke, metabolic
syndrome, and coronary heart disease.** The occurrence of SDB
complicated by recurrent episodes of oxygen desaturation has also
been associated with an almost twofold increase in the risk of sudden
death, independent of known risk factors.®® Both OSA and CSA have
now been shown in prospective longitudinal studies to be independent
predictors of incident HE%4' In fact, in patients with HFpEF, obstructive
apnea events have been shown to cause increases in pulmonary
capillary pressure, and OSA has been associated with an increase in
LV mass and the development of diastolic dysfunction.™ These findings
suggest that SDB is not simply a marker of HF, but may be a mediating
factor contributing to the onset and progression of clinically overt HF.
These negative cardiovascular consequences highlight the critical
need for safe and effective treatment of SDB in HF patients.

Treatment

Obstructive Sleep Apnea

Continuous positive airway pressure (CPAP) ventilation is the most
widely used treatment option for OSA. In multiple studies, this therapy
has been shown to produce several cardiovascular benefits, including
reduction in blood pressure, risk of stroke/transient ischaemic attack
and arrhythmias.>*>* Several studies have been performed in patients
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Figure 1: Effect of Continuous Positive Airway Pressure
Versus Control on Left Ventricular Ejection Fraction in
Twenty Four Patients with Obstructive Sleep Apnea
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with HF and OSA. Among 24 patients with left ventricular dysfunction
and OSA, compared to controls, CPAP therapy markedly reduced
AHI, systolic blood pressure, and average heart rate. Furthermore,
compared to no treatment, the use of CPAP reduced left ventricular
end systolic dimension (54.5 = 1.8 to 51.7 + 1.2 mm [p=0.009]),
and improved the left ventricular ejection fraction (25.0 = 2.8 %
t0 33.8 £ 2.4 % [p<0.001))* (see Figure 1). Reductions in overnight
urinary norepinephrine excretion and improvements in quality of life
also occurred with the treatment of OSA with CPAP in HF patients.*
In the largest retrospective cohort study of a US Medicare database
of 30,719 patients with newly diagnosed HF between 2003 and
2005, treatment of SDB was associated with decreased readmission,
healthcare cost and mortality among subjects who were diagnosed
and treated, with an improved 2-year survival rate in those who were
treated compared to those who were not (hazard ratio: 0.49, 95 % Cl:
0.29-0.84, p=0.009).* Hypoglossal nerve stimulation for the treatment
of OSA has also been shown to reduce AHI and oxygen desaturation
events, and now has reported long-term sustained benefits in patient
reported outcomes.*’#¢ This technology that consists of an implantable
pulse generator with sensing and stimulation leads to prevent airway
collapse during sleep has been approved by the FDA for commercial
use in the USA for patients with moderate to severe OSA who have
failed or are unable to tolerate CPAP therapies.

Central Sleep Apnea

In HF patients with CSA, optimisation of medical therapy and effective
decongestion are the first and foremost steps in the treatment of this
sleep disorder. Treatment with cardiac resynchronisation therapy has
been shown to effectively reduce AHI events in patients with CSA.#
Despite strict adherence to guideline-directed medical therapy, CSA
remains a significant comorbidity in patients with HF.

In contrast to OSA, where the safety and effectiveness of CPAP are
no longer questioned, the role of this therapy in patients with CSA
remains the subject of controversy. Early trials of CPAP for CSA and
HF patients showed some positive effects, including a reduction
in central apnea/hypopnea events, ventricular ectopic beats, and
nocturnal urinary and daytime plasma norepinephrine levels, and
a trend towards a reduction in mortality and need for cardiac
transplantation.®=2 In the Canadian Positive Airway Pressure Trial for
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Patients with Congestive HF and Central Sleep Apnea (CANPAP) trial
in 258 optimally treated HF patients with an LVEF <40 % and AHI >15
events/h, compared to control, CPAP did not prolong transplant-free
survival, despite reduction of AHI from 40 to 19 events/h, improvement
of nocturnal oxygenation, exercise tolerance and decrease in plasma
norepinephrine levels after 3 months of CPAP therapy.® In fact, the
trial was stopped early for futility given a diverging trend towards
increased mortality early on in the CPAP group, and yet the overall
event rates of death or transplant did not differ after 18 months.
Notably, in CANPAP the average duration of CPAP was 3.6 h/night and
CSA was not adequately suppressed in 43 % of the study subjects.’
However, a post-hoc analysis showed that, compared to inadequately
treated patients, those in whom CPAP decreased AHI below
15 events/h had significant prolongation of transplant-free survival.**
These findings suggest that mask-based therapeutic strategies may
be limited by poor patient compliance.

Adaptive pressure support servo-ventilation (ASV), an alternative
noninvasive ventilatory support modality, was developed to make
positive airway pressure more tolerable to patients with SDB. ASV
delivers a baseline continuous positive airway pressure similar to
CPAP and yet can also detect episodes of central apneas and deliver
several breaths at the tidal volume and respiratory rate previously
determined to match the patient's minute ventilation during stable
breathing. The goal of ASV therapy is to prevent the increase in PaCo,
during apnea and the hyperventilation that follows, thereby breaking
the abnormal periodic breathing cycle. Several small preliminary
studies have suggested that ASV is better tolerated than CPAP and
may be more effective than CPAP in the treatment of CSA in HE®
However, in a large randomised trial, the Treatment of Predominant
Central Sleep Apnea by Adaptive Servo Ventilation in Patients With
HF (SERVE-HF), ASV did not reduce the primary combined endpoint
of all cause death, cardiac transplantation or ventricular assist device
implantation, sudden cardiac arrest or HF hospitalisation. In fact, as
compared to the controls, ASV was associated with an increase in
cardiovascular mortality (hazard ratio for cardiovascular death: 1.34;
95 % Cl: 1.09-1.65; p=0.006)* (see Figure 2).

Several postulates of the disconcerting results of SERVE-HF have been
presented, including the possibility that positive airway pressure may
further reduce cardiac output in a population that may be vulnerable
with limited cardiac reserve, or that central sleep apnea could be
a beneficial compensatory mechanism in patients with advanced
HF. This latter theory appears inherently flawed, as the intermittent
hypoxia and norepinephrine release associated with central sleep
apnea events make it unlikely that this sleep disorder confers any
long-term benefits to patients with HF. The first-generation ASV device
used in SERVE-HF, no longer manufactured by the sponsor, had limited
technology with fixed settings that may have applied pressures that
were too low for some patients and excessive for others, leading to
adverse cardiovascular consequences. Newer generation devices
that incorporate novel algorithms with dynamic settings may allow for
the prevention of excessive positive airway pressure and its potential
detrimental cardiac effects.”” Ultimately, further trials will be required
to mediate these discrepant results, and studies with newer generation
ASV devices in HFrEF and SDB are ongoing.®

Phrenic Nerve Stimulation

Transvenous unilateral neurostimulation is a unique physiological
approach to the treatment of central sleep apnea. The remedge System
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(Respicardia Inc) aims to stimulate a nerve to cause diaphragmatic
movement producing changes in carbon dioxide concentrations and
tidal volumes similar to normal breathing. Unilateral transvenous
neurostimulation does not produce a ‘hiccup-type’ diaphragmatic
response, such as that noted occasionally with direct stimulation of
the diaphragm with cardiac resynchronisation therapy. Instead, the
device provides neurostimulation pulses configured to smoothly
engage the diaphragm, like normal breathing. The neurostimulator is
placed in either the left or right pectoral region; the stimulation lead
is placed in either the left pericardiophrenic or right brachiocephalic
vein to stimulate the phrenic nerve. The sensing lead is placed in a
thoracic vein, such as the azygos vein, to sense respiration by thoracic
impedance. The system aims to automatically stimulate the phrenic
nerve during the scheduled time at night when the patient is asleep
and in a reclining position, which is detected by a position and motion
sensor present in the device. Transvenous neurostimulation improved
apnea indices, quality of life, and had an acceptable safety profile in
pilot studies. In the remede System Pivotal Trial, 151 eligible patients
underwent device implantation and were then randomly assigned to
initiate neurostimulation either 1 month later (treatment, n=73), or after
the 6-month primary efficacy endpoint evaluation (control, n=68).

Significantly more patients in the treatment group (51 %) had an AHI
reduction from baseline of 50 % or greater at 6 months than had
those in the control group (11 %). The difference between groups was
41 % (95 % Cl 25-54, p<0.0001) (see Figure 3). One hundred and thirty-
eight (91 %) of 151 patients had no serious-related adverse events
at 12 months. Seven (9 %) cases of related-serious adverse events
occurred in the control group and six (8 %) cases were reported in the
treatment group. Seven patients died (unrelated to implant, system,
or therapy): four deaths (two in the treatment group and two in the
control group) during the 6-month randomisation period and three
deaths between 6 months and 12 months. Thirty-seven percent of
the treatment group patients reported non-serious therapy-related
discomfort that was resolved with simple system reprogramming in
all but one patient. All prespecified hierarchically tested secondary
sleep and quality of life measure endpoints were improved in the
treatment group compared to control.® Exploratory evaluation of
the 64 % of the study subjects who had underlying HF revealed that,
compared to HF controls, the HF treatment group included a greater
percentage of patients who had a reduction in AHI>50 % at 6 months
(63 % versus 4 %, p<0.0001). In the HF group, tolerability and safety
were similar to those of the overall population.®

The results of this trial indicate that transvenous neurostimulation
produces significant improvements in reducing the severity of central
sleep apnea, as measured by several pre-specified sleep indices
obtained during polysomnography and scored by masked investigators
in a core laboratory. Improvements were observed with use of the
device in the arousal index, REM sleep, PGA scores, and ESS quality of
life measures at 6 months of follow up. The therapy was well tolerated,
with only two patients who were unable to adjust to therapy, and first
implant success was high. Procedural complications, including lead
dislodgements, were comparable with other implantable devices using
transvenous lead technology.

Results from the SERVE-HF trial showed an unexpected increase in
the risk of cardiovascular mortality (p=0.006), despite a significant
reduction in AHI from baseline to 12 months of follow up. However,
it might not be appropriate or valid to assume that the effects
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Figure 2: Cumulative Incidence Curves for the Primary
End Point, Death from Any Cause, and Cardiovascular
Death in the SERVE-HF Trial
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ASV treated patients had higher incidence of death from any cause and cardiovascular death.
ASV = Adaptive servo ventilation. Source: Cowie, et al., 2015, published with permission.*

of ASV on the outcomes of patients with advanced HF also
apply to the effects of neurostimulation in a different population.
Although 96 (64 %) patients in this study had previous HF, only
59 (39 %) had HF severity and left ventricular dysfunction similar
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Figure 3: Percentage Change in Apnea-hypopnea Index at
6 Months’ Follow up Compared with Baseline
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More patients in the treatment group had a decrease in AHI as opposed to the control group.
AHI = apnea-hypopnea index. Source: Costanzo, et al., 2016, published with permission.”

to the population in the SERVE-HF trial. Exploratory post-hoc
analyses of the pivotal trial suggested that indeed the effects of
neurostimulation in the subgroup of patients with HF were consistent
with the findings in the overall trial population.®® Importantly
though, the mechanism of action of neurostimulation remains
distinctly different from that of ASV. Specifically, while ASV delivers
positive airway pressure, the diaphragmatic contraction triggered by
neurostimulation generates negative intrathoracic pressure. In fact,
unilateral transvenous stimulation has been the only therapy to show
a reduction in sleep-related arousals, which are a manifestation of
acute neurohormonal activation. Neurostimulation was associated
with an improvement in quality of life measures, whereas ASV was
not, suggesting clinical benefits beyond just that of improved sleep
variables. Additional investigation will be warranted to study the
hemodynamic effects of negative intrathoracic pressure in patients
with HF, as well as trials focusing on cardiovascular outcomes to
provide further supportive data.

Supplemental Oxygen

Observational studies in patients with HFrEF have shown that nocturnal
nasal oxygen improves CSA, with data suggesting improvement in
exercise capacity, decreases in nocturnal urinary norepinephrine
excretion; improvement in ventricular arrhythmias, and quality of life.¢
Nocturnal hypoxemia is known to be an independent predictor of all-
cause mortality in HFrEF patients, and an O, sat <78 % during SDB is
a strong predictor of sudden cardiac death.c"¢> Supplemental oxygen
is indicated for patients with CSA who have confirmed hypoxemia
during sleep. It can be used along with positive airway pressure
therapy, or may also be considered for patients who do not tolerate
or fail positive airway pressure therapy. However, oxygen therapy
remains contraindicated in patients without hypoxemia, as there can
be theoretical detrimental effects to this treatment strategy, such as
lengthening apnea duration and accelerating CO, retention.® Overall
studies have been small with short-term duration of follow up. Further
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randomised controlled trials are needed to determine the role of
oxygen in treating sleep apnea in HFrEFR.

Pharmacologic Therapies

Patients who do not tolerate positive airway pressure therapy during
sleep may consider treatment with a respiratory stimulant, such as
acetazolamide or theophylline. Acetazolamide is a carbonic anhydrase
inhibitor and a weak diuretic. It causes mild metabolic acidosis, which
stimulates respiration and is shown to decrease the frequency of
central apnea episodes.® Theophylline, a methylxanthine drug that
acts as a nonselective adenosine receptor antagonist, at therapeutic
plasma concentration levels (11 pg/mL, range 7-15 pg/mL), has shown
to reduce AHI events in patients with HF and CSA.¢* Ultimately, there
are no long-term data available on either of these medications, as well
as narrow therapeutic ranges, and these therapies can have harmful
side-effects that need to be monitored closely.

Knowledge Gaps

Randomised control trials are needed to provide further assessment of
the role of any sleep apnea intervention on cardiovascular associated
morbidity and mortality. Low adherence to CPAP therapy has been a
major limitation in clinical trials, and continues to be a dilemma with
clinical application of mask-based therapies. Treatment of CSA with ASV
could be harmful, and further trials are needed to determine whether
newer generation devices may be of benefit. Unilateral transvenous
neurostimulation shows promise for the treatment of CSA, but will
need further validation for long-term cardiovascular outcome benefit.

conclusion

Our understanding of the causes and subsequent pathological
consequences of SDB in HF has been greatly expanded over the past
few decades. SDB is now recognised as an important, independent
risk factor for the development of incident HF, worsening HF status,
and reduced survival in patients with HF. Unfortunately, SDB is often
under-recognised, and not tested for routinely; and yet, we know that
treatment can improve outcomes in these patients. CPAP therapy for
OSA in HF patients can improve AHI, improve blood pressure, and even
improve left ventricular ejection fraction. Survival is also improved in
observational studies of CPAP treatment in HF patients. Vigilance in
diagnosis, testing, and treatment is paramount in this population.

Therapies for CSA remain more complex. Because the pathological
consequences of CSA are known to worsen HF, treatment strategies
remain vital to management. Optimising medical therapy as first
approach remains of utmost importance, as research has shown that
often when HF is clinically improved, CSA often improves as well.®>¢
In cases where CSA persists despite aggressive treatment of HF,
further therapeutic interventions should be considered. The CANPAP
trial did not reveal benefits of treatment with CPAP therapy for CSA.
Results of the SERVE-HF trial suggest that treatment of CSA with ASV
could be harmful. However, limitations of this study with utilisation of
older generation devices and limited treatment algorithms still pose
several questions.” Transvenous unilateral neurostimulation is now
recognised as another treatment option of CSA known to reduce
AHI, but does not carry the negative consequence of increasing
intrathoracic pressure. Future randomised control trials with unilateral
transvenous neurostimulation for HF should be powered to determine
cardiovascular outcomes. &
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