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Case Report

Obstructive Sleep Apnea in Heart Failure with Nearly Complete Resolution after
Implantation of a Left Ventricular Assist Device
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Abstract

Sleep apnea syndrome is common in chronic heart failure and associated with a higher mortality and morbidity. Both central and
obstructive sleep apnea can occur in these patients. In general, an obstructive sleep apnea (OSA) is regarded as a cause for heart
failure, whereas heart failure induces a central sleep apnea (CSA).

However, we describe a patient with chronic heart failure and mainly an obstructive sleep apnea who had near resolution of his

apnea syndrome after implantation of a left ventricular assist device (LVAD).

Abbreviations: OSA: Obstructive Sleep Apnea; CSA: Central Sleep Apnea; LVAD: Left Ventricular Assist Device; CPAP:

Continuous Positive Airway Pressure

Corresponding author: Voortman M, Department of Respiratory Medicine, University Medical Center Utrecht, PO Box 85500,

3508 GA Utrecht, E-mail: M. Voortman@umecutrecht.nl

Received Date: June 24, 2014

Accepted Date: Aug 22, 2014

Published Date: Aug 27, 2014

Citation: Voortman, M., et al. Obstructive Sleep Apnea in Heart Failure with Nearly Complete Resolution after Implantation of a Left Ventricu-

lar Assist Device. (2014) J Heart Cardiol 1(1): 1-3.

Introduction

Sleep apnea syndrome is common in patients with
chronic heart failure, with prevalence from 40 to 76%]1. Both
central and obstructive sleep apnea can occur and may lead to
hypertension, heart failure, coronary artery disease and stroke!!4],
Causes for these cardiovascular sequelae are increased sympa-
thetic activity, increased negative thoracic pressure, systemic
inflammation and release of vasoactive substances, leading to
endothelial dysfunction3],

We describe a patient with chronic heart failure and
mainly obstructive sleep apneas who had near resolution of his
apnea syndrome after implantation of a left ventricular assist de-
vice (LVAD).

Case report

A 68-year-old male, with a hereditary dilated cardio-
myopathy, implantable cardioverter-defibrillator and atrial fibril-
lation, noticed apneas during the night. These apneas occurred
both in supine and non-supine position. The Epworth sleepiness
score was 2.

At the time of evaluation he also complained of
fatigue and breathlessness on exertion (NYHA Class III). Physical
examination revealed stable vital signs (blood pressure 110/80,
pulse 70/min), an enlarged liver and a systolic cardiac murmur
at the cardiac apex (2/6). Body-mass-index was 26 kg/m2. The

chest X-ray showed an enlarged heart without radiologic signs
of fluid overload. Echocardiography findings consisted of left
ventricular dilation with severe left ventricular dysfunction
(ejection fraction 20%) and mild mitral valve regurgitation,
dilated right ventricle with moderate right ventricular function
and severe tricuspid valve regurgitation. Spirometry was normal.
Polysomnography showed an apnea-hypopnea index of 44.3/
hour with 19% hypopnea and 81% mainly obstructive apneas
(see Figure 1). A transcutaneous nocturnal oxygen desaturation
measurement showed a mean saturation of 91.5% (lowestof
73%). Continuous positive airway pressure (CPAP) was started.
Due to progressive heart failure, an LVAD was implanted 4
months later. This went uneventful and his hemodynamic situa-
tion improved considerably. During a follow up visit 2 months
later, he reported that he no longer suffered from apneas and had
stopped using his CPAP.

Figure 1: Polysomnographic recordings before LVAD implantation. It shows the
presence of obstructive sleep apnea with cessation of air flow (upper panel) in
association with slightly movement of the thorax and abdomen (middle panel),
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followed by desaturation (lower panel).

Polysomnography(6 months after LVAD implantation)
demonstrated an apnea-hypopnea index of 6.9/hour with stable
oxygenation (90%) (see Figure 2). Body-mass-index was prac-
tically unchanged at 25.3 kg/m2. Echocardiography showed
improved left ventricular function (no estimate could be given)
with mild tricuspid and mitral valve regurgitation.

Figure 2: Polysomnographic recordings post-LVAD implantation showing a
regular breathing pattern with normal flow (upper panel), normal thorax and ab-
dominal movements (middle panel) with normal saturations during sleep (lower
panel).

A year after the LVAD implantation, heart transplan-
tation was performed and until this day forward (1.5 years
after transplantation) he has not reported any apneas which was
confirmed by his wife. His cardiac function is normal and he has
no cardiac or pulmonary symptoms.

Discussion

Sleep apnea syndrome is common in chronic heart fail-
ure and can be treated with CPAP. Both central and obstructive
sleep apnea can occur, predominantly central sleep apneal'l.

CSA is characterized by impairment of respiratory
drive during sleep. Normally, ventilation is regulated by a neg-
ative feedback system through peripheral and central chemore-
ceptors, which keeps the PaCO2 in normal ranges. In patients
with chronic heart failure, a higher peripheral and central chemo
sensitivity occurs with a lower apneic threshold during sleep
which eventually leads to an exaggerated response to CO2-5¢),
If the PaCO2 decreases below the apneic threshold, breathing
cessation occurs and when the PaCO?2 raises again, ventilation
resumes when PaCO2 level crosses the apneic threshold.

Also delayed or prolonged feedback time (from the
chemoreceptors) due to prolonged circulation time (a conse-
quence of reduced cardiac output) in heart failure contribute to
CSABL

Moreover, chronic heart failure leads to higher filling
pressures causing pulmonary edema. Consequently, pulmonary
stretch receptors (J receptors or C-fibers), located in the lung
interstitium and alveolar walls, are being stretched in response
to edema also leading to hyperventilationl,5. The PaCO2 drops
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below the apneic threshold and breathing cessation occurs. This
process keeps repeating during the night, causing a crescen-
do-decrescendo pattern, Cheyne Stokes breathing.

OSA is characterized by intermittent inspiratory airflow
obstruction during sleep due to collapse of the upper (pharynge-
al) airway leading to a pause in respiration with ongoing ventila-
tory effort. During that obstruction with cessation of airflow the
PaCO2 rises and PaO2 decreases leading to stimulation of the
ventilator effort and ultimately arousal from sleep to determinate
the apnea.

In most literature concerning heart failure, CSA occurs
as a consequence of heart failure and OSA is thought to provoke
or worsen heart failure. This case demonstrates that chronic
heart failure may also initiate OSA probably through extracel-
lular fluid overload. The first hypothesis is that nocturnal fluid
shift of the lower extremities to the neck leads to pharyngeal
edema and further narrowing of the pharynx!®. This hypothesis is
supported by experimental observations that fluid displacement
from the lower to upper body increases the neck circumference
and pharyngeal resistancel’l. In addition, patients with chronic
heart failure and OSA respond well on diuretics and eventual-
ly demonstrate an improvement of their obstructive sleep apnea
syndrome!®,

Also during normal sleep, the activity of the upper
airway muscles is decreased leading to some kind of mild
obstruction.As said earlier, chronic heart failure leads to
pulmonary edema leading to stimulation of thepulmonary
stretch receptors. When stimulated, they do not only lead to
hyperventilation (see explanation above, CSA), they also reduce
the level of activity of the upper airway muscles9 which leads to
further narrowing of the pharynx and thus to collapse and upper
airway obstruction.

In end stage heart failure, as a bridge-to-transplant,
mechanical assist devices are being implanted. There are
only five previous cases describing the effect of mechanical
circulatory support on sleep apnea syndromes, with different
outcomes. In three cases, with predominantly a central sleep
apnea, there was no significant improvement of sleep apnea
syndrome after implantation of a LVADI'. One case showed
resolution of CSA after LVAD implantation!'! and anoth-
er showed improvement of combined CSA and OSA after
implantation of a biventricular assist device and CPAP could be
stopped'2. We describe the first patient with almost complete
resolution of his OSA after LVAD implantation. Most likely, the
LVAD improved circulatory hemodynamics with less nocturnal
fluid shifts and stretching of the pulmonary stretch receptors
reducing pharyngeal narrowing.

Conclusion and Recommendations

Sleep apnea syndromes are common in chronic heart
failure. Our case shows that obstructive sleep apnea is indeed a
consequence of chronic heart failure with near resolution after
LVAD implantation. Awareness can offer other treatment modal-
ities for an obstructive sleep apnea syndrome and prevent delay
of diagnosis since higher morbidity and mortality are known in
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these patients.
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