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Resumo: 
O servo-ventilador auto-adaptativo (ASV) é um dispositivo 
de ventilação não invasiva, que usa pressão positiva oscila-
tória, para tratar fenómenos de apneia do sono central. A ap-
neia do sono central é uma entidade frequente em doentes 
com insuficiência cardíaca. O SERVE-HF foi um estudo in-
ternacional, randomizado e controlado, que demonstrou os 
riscos deste tipo de tratamento, em doentes com insuficiên-
cia cardíaca e fração de ejeção reduzida. Algumas ques-
tões metodológicas foram levantadas acerca da consistên-
cia deste estudo. Vários ensaios clínicos encontram-se no 
momento em curso, e poderão ajudar, no futuro, a definir os 
riscos e benefícios reais do uso da servo-ventilação.

Palavras-chave: Apneia do Sono Central; Função Ventricular 
Esquerda; Insuficiência Cardíaca Sistólica; Respiração com 
Pressão Positiva; Respiração com Pressão Positiva Inter-
mitente. 
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Abstract: 
Adaptive servo ventilation is a type of non-invasive ventila-
tion device, using oscillatory positive airway pressure to treat 
central sleep apnoea. Central sleep apnoea is a common 
entity in heart failure patients. The SERVE HF trial was an in-
ternational controlled and randomized study, which demons-
trates the hazard effects of this device therapy in HF patients 
with reduced ejection fraction. Some methodological issues 
are being raised about the consistency of this study. Ongoing 
trials could help us, in the future, to definitely define the risks 
and the benefits of adaptive servo ventilation device therapy.

Keywords: Heart Failure, Systolic; Intermittent Positive-Pres-
sure Breathing; Positive-Pressure Respiration; Sleep Apnea, 
Central; Ventricular Function, Left.

Introduction
Sleeping disorders are highly prevalent in heart failure (HF) 
patients with reported prevalence of 46% - 80%.¹

Two major subtypes are identified: obstructive sleep ap-
noea (OSA) and central sleep apnoea (CSA).

OSA is a common chronic disorder affecting about 2% - 
4% of the adult population. It is characterized by anatomic 
and functional changes of the upper airways, associated 
with an increase in the central respiratory drive.²

CSA is a much less frequent condition, representing only 
5% - 10% of patients in sleep clinics. It is characterized by 
reduction or complete cessation of airflow caused by an uns-
table ventilator drive, and a lack of respiratory effort.³

Cheyne-Stokes respiration (CSR) is a type of CSA charac-
terized by a crescendo-decrescendo variation in breathing 
amplitude, and normocapnia. It is relatively common in heart 
failure patients, occurring in approximately 40% of patients 
with left ventricular ejection fraction inferior to 40%.4

Patients with HF and CSA have higher morbidity and mor-
tality than their counterparts without CSA, making the diag-
nosis and treatment of sleeping breathing disorders (SBD) 
an important prognostic factor in these patients.
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Pathophysiology of Sleeping Breathing  
Disorders (SBD)
In OSA, repeated episodes of partial or complete upper 
airway obstruction occur during sleep. This obstruction cau-
ses loud snoring, repeated episodes of apnoea and hypoxia, 
and arousals from sleep. Risk factors for OSA include obesity, 
advanced age, male sex or menopausal women, craniofacial 
abnormalities, smoking and alcohol consumption.5

CSA, by contrast, is caused by the temporary withdrawal of 
central (brainstem-driven) respiratory drive resulting in ces-
sation of respiratory muscle activity and airflow. Risk factors 
include chronic opioid use and a number of cardiovascular, 
neurological and/or renal disorders.5,6

Often the distinction between these two subtypes of SBD 
are not easy as they might coexist (mixed types), or lead to 
each other, for example, the arousal from an obstructive epi-
sode can cause hyperventilation and changes in pCO2 initia-
ting cycles of compensatory apnoeas, or a central episode 
can cause significant arterial deoxygenation leading to loss 
of airway tone and airway obstruction.7

In HF, pulmonary congestion during sleep activates pulmo-
nary stretch receptors that stimulate ventilation, resulting in 
hyperventilation and lowered blood pCO2, triggering an exa-
ggerated compensatory response, resulting in apnoea. This 
apnoea produces a significant increase in pCO2 resulting in 
another exaggerated response: hyperventilation, setting up 
the cyclical pattern of Cheyne-Stokes respiration (CSR).7

While CSA is considered a consequence of severe HF, both 
types of SBD can be important risk factors for cardiovascular 
diseases, inducing and exacerbating heart damage by various 
mechanisms. Intermittent episodes of hypoxia (caused both 
from airway obstruction or central apnoea/hypopnoea) induce 
a pro-inflammatory status and sustained sympathetic stimula-
tion with release of catecholamines, resulting in tachycardia, 
peripheral vasoconstriction, sodium retention and renin-an-
giotensin-aldosterone system (RAAS) activation, increasing 
the risk of hypertension, myocardial ischemia, cardiac fibrosis 
and remodelling. It can also induce a number of metabolic dis-
turbances such as insulin resistance, diabetes mellitus and/or 
dyslipidaemia, which can further contribute to cardiovascular 
disease and the development of heart failure.8,9

Clinical Features and Diagnosis of SBD
The most common symptom of OSA, present in 80% of cases, 
is daytime somnolence due to nocturnal sleep fragmentation. 
Morning headaches, cognitive and neurobehavioral distur-
bances with inability to concentrate, memory impairment and 
mood changes, such as irritability and depression, are also 
quite frequent.2

The clinical presentation of CSA is much less specific, and 
often overlaps with those with HF without sleeping breathing 
disorders (SBD): fatigue, dyspnoea, orthopnoea, paroxysmal 

nocturnal dyspnoea and nocturia are typical. Daytime sleepi-
ness, which is quite common in OSA, is often absent in pa-
tients with CSA. Sometimes, a sleep partner can help us with 
the diagnosis, reporting unusual breathing pattern.10-12

The gold standard test for diagnosing SBD is polysomno-
graphy. This nocturnal cardio-respiratory monitoring detects 
and measures the severity of sleeping disorders by using the 
apnoea/ hypopnoea index (AHI). AHI is defined by the num-
ber of abnormal respiratory events (apnoeas or hypopnoea) 
per hour. Apnoea is defined as a 90% reduction in the tidal 
volume, lasting more than 10 seconds, while hypopnoea is 
a reduction in the tidal volume of 50% - 90%, lasting more 
than 10 seconds, accompanied by, at least, 4% decrease in 
oxyhaemoglobin saturation. According to one study of ambu-
latory HF patients, the mortality rises progressively with every 
5 events/hour increase in AHI, making this measurement an 
important prognostic factor in those patients.13

Treatment of SBD
Treatment of SBD depends upon the underlying pathophysio-
logy and severity of the disorder.

In mild OSA, general measures such as weight loss, cessa-
tion of smoking, and avoidance of alcohol and sedatives mi-
ght be sufficient. In selected cases, oral appliances like man-
dibular advancement devices, or tongue retaining devices, 
can be offered to correct facial and cranial abnormalities.

In moderate to severe OSA, continuous positive airway 
pressure (CPAP) is the first line treatment. In addition, nasal, 
facial or maxillomandibular surgery may be considered to im-
prove the patency of the upper airways. Bariatric surgery may 
be offered to obese patients with body mass index (BMI) over 
40, who fail to lose weight with conservative measures.14

Current treatment approaches for CSA include, as a first 
step, optimization of medical therapy according to the guide-
lines of chronic heart failure (CHF). CRT (cardiac resynchro-
nization therapy) may be offered to symptomatic HF failure 
patients with LVEF ≤ 35%, in sinus rhythm with a wide QRS 
complex (≥ 150 ms) and left bundle branch block (LBBB), 
despite optimal medical treatment (Class I of recommenda-
tion, Level of evidence A-2016 ESC guidelines). In small stu-
dies of CRT-treated HF patients with documented CSA, CRT 
increases cardiac output and, consequently, reduces CSA 
and improves quality of sleep.15

Phrenic nerve stimulation (PNS) is a novel approach for 
the treatment of CSA. PNS consists of a stimulation electro-
de placed within the brachiocephalic vein or in the left pe-
ricardiophrenic vein, a sensing lead placed in the azygous 
vein, and an implanted pulse generator in the right pectoral 
area controlled by an external system programmer. It detects 
the hyperventilation episode and stimulates unilaterally the 
phrenic nerve, to reduce the breathing rate keeping the pCO2 

above the apnoeic threshold, thus preventing apnoea episo-
des. In contrast to positive airway pressure (PAP) devices, it 
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creates a negative intrathoracic pressure (considered safer in 
cases of reduced LVEF) and requires no patient intervention 
to function, thus eliminating patient nonadherence.16,17 Four-
teen international studies describing the use of transvenous 
PNS have been published showing statistically significant 
reduction in AHI, and in the central apnoea events (p value 
<0.001). In October 2017, PNS was approved by the FDA to 
treat moderate to severe CSA.18

 The positive airway pressure devices (PAP) are commonly 
used nowadays to treat moderate to severe sleeping disor-
ders. Three types of PAP therapy exist: CPAP (continuous po-
sitive airway pressure), BiPAP (bilevel positive airway pressu-
re), and ASV (adaptive servo-ventilation). They have different 
mechanisms of action and different indications.

- CPAP is the first therapeutic approach in OSA and the 
first line PAP therapy for non- hypercapnic CSA. It delivers a 
continuous pre-set pressure to maintain the airway open and 
preventing airway collapse.

- BiPAP is the first PAP option for hypercapnic respiratory 
failure, mainly seen in COPD (chronic obstructive pulmonary 
disease) patients. It provides 2 different pressure settings, 
one for inspiration (IPAP) and another for expiration (EPAP), 
with a fixed back up rate.

- ASV is the most sophisticated form of PAP therapy. It is 
indicated for patients with CSA after CPAP has failed to re-
duce AHI, or for patients with mixed sleep apnoea without 
response to CPAP or BiPAP. ASV devices have the capacity 
to provide baseline positive pressure to stabilize and maintain 
the patency of the airway (similar to CPAP) and are capable of 
delivering additional breaths when apnoeas or hypopnoeas 
are detected (similar to BiPAP). By contrast to BiPAP, during 
a hyperventilation phase, these devices do not supply the 
ventilator support, to prevent further exacerbation of hyper-
ventilation, breaking up the periodic breathing cycle typical 
of CSA. ASV is considered to be superior to the other PAP 
therapies at normalizing the AHI in patients with CSA or mixed 
sleep disorders, as well as more comfortable to the patients 
because it adjusts to the patient breathing pattern, resulting 
in greater regulation of the amount of airflow delivered and 
creating a more physiological ventilation.19

The wide use of this latter device led to large randomized 
trials evaluating its efficacy and safety. SERVE-HF was a large 
randomized, controlled, international, multicentre study, de-
signed to assess the effects of ASV on morbidity and mor-
tality in patients with symptomatic heart failure with reduced 
left ventricular ejection fraction (LVEF) and predominant CSA. 
The results of this study were first presented at the 2015 ESC 
Congress in London, and have been published in the New 
England Journal of Medicine (NEJM).20

SERVE-HF Results and Limitations of the 
Study
SERVE-HF trial was designed to compare the effect of stan-

dard medical treatment plus ASV, versus medical treatment 
alone, in patients with symptomatic chronic heart failure 
(NYHA class III or IV, or class II with at least one hospitaliza-
tion for HF over the preceding 24 months), LVEF ≤ 45%, and 
predominant moderate to severe CSA (AHI ≥ 15/h and >50% 
central events). A total of 1325 patients were included in the 
study and followed for a mean of 3.5 years. The adherence 
to ASV therapy was considered satisfactory with an average 
usage of 3.7 hours/night.20

Although CSA was effectively controlled in the ASV group, 
confirmed by significant reductions in AHI from 31.2/h at ba-
seline to 6.7/h at 12 months (p < 0.001), it did not improve 
the outcome in this group of patients. There was, surprisin-
gly, a statistically significant increased risk for cardiovascular 
events in patients treated with ASV compared with the con-
trol group. The risk of cardiovascular death was increased by 
34%, which was sustained throughout the trial (p < 0.006).20

Two main explanations have been postulated for these re-
sults: the first is that CSA may be a compensatory mechanism 
in HFrEF population, with hyperventilation-related increases 
in end-expiratory volumes, and decrease work of breathing, 
with periodic rest of the respiratory muscles; and secondly 
that the positive airway pressure applied by the ASV device 
may further reduce the cardiac output in patients with lower 
ejection fraction.21-23

Based on these results, the AASM (American Academy of 
Sleep Medicine) released a statement, in May 2015, recom-
mending doctors to stop prescribing ASV to treat CSA in pa-
tients with LVEF ≤ 45%, and to warn all those patients who are 
already on this kind of treatment for the possible risks. It is 
also recommended, before starting on ASV therapy, echocar-
diographically assess ejection fraction, to exclude those who 
are in the higher risk group.

SERVE-HF findings are not generalized to: HF patients with 
LVEF > 45%, patients with predominant OSA regardless of 
LVEF, patients treated with ASV for other reasons than HF (for 
example, in opioid abusers or after acute ischemic stroke) 
or to other PAP devices different from ASV (for example, 
CPAP).21-23

Methodological issues within this trial have recently been 
raised.

The first issue is whether the settings utilized and/or the 
specific ASV device used might be the cause of the increa-
sed cardiovascular mortality. SERVE-HF utilized an old fashio-
ned device that is no longer in clinical use, a device that was 
set to deliver fixed and mandatory pressure. The pressure 
utilized could be too low or too high, resulting in inappropriate 
treatment of CSA, or harmful excessive positive pressure.24

It shouldn’t be forgotten, the changing of the SBD phe-
notype during time. For example, in a fluid overload state 
such as heart failure, the shift of fluids can cause airway 
obstruction leading to obstructive events. That is why a fi-
xed EPAP might at times prove inadequate and ineffective, 
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and the checking up of the device should be frequent. In the 
SERVE-HF study, after the first 12 months, the revision of the 
settings was done only annually. These long intervals without 
assessment raise the possibility that the negative results were 
partially attributable to SDB, even if the last download showed 
adequate control of sleep apnoea.25

Other issue raised is whether the use of a full face mask is 
actually beneficial. In SERVE HF study, a full face mask was 
used. Some authors speculate that a face mask may enhan-
ce CO2 rebreathing, leading to elevated levels of CO2 and 
renal bicarbonate retention. During the day, the CO2 elimina-
tion is faster than the renal response, which may result in an 
inappropriate elevation of bicarbonate, and consequently in 
a state of sustained metabolic alkalosis. Metabolic alkalosis 
is known to induce cardiac arrhythmias and other adverse 
cardiovascular events.26-30

The fourth issue is whether the study have included patien-
ts that were, actually, sicker at a baseline, than the patients 
on previous studies. In SERVE-HF, more than 70% of patients 
were NYHA class III or IV, with a mean LVEF of 32%. These 
patients have an initial worse prognosis, and may be more 
prone to the hemodynamic adverse effects of the increased 
positive intrathoracic pressure induced by the device.20

ASV Usage in HF Patients with Preserved 
Ejection Fraction (HFpEF)
In a randomized prospective study realized at Fukushima Me-
dical University in Japan, 36 HFpEF patients with LVEF ≥ 50% 
and predominant CSA with an AHI of, at least, 15 events/hour, 
were followed up by a mean of 543 days. The cardiac event 
rate was compared between patients on optimized medical 
treatment alone, versus optimized medical treatment plus 
ASV. Over 6 months of treatment, the ASV group had a higher 
event-free rate (94.4%) compared with those on the control 
group (61.1%, p value < 0.05), as well as greater improve-
ments from baseline in B-type natriuretic peptide (BNP) levels 
and New York Heart Association (NYHA) functional class.31,32

In a randomized retrospective analysis at two medical cen-
tres in Germany, 114 patients with the same inclusion crite-
ria as the study above were followed up by 27 months. The 
patients treated with ASV had a significant reduction in AHI 
from a mean of 54 events/hour to less than 10 events/hour  
(p value < 0.001).33 There were also reports of improvement 
on cardiac diastolic function and cardiopulmonary exercise 
capacity (p value < 0.01) in the patients on ASV therapy, ver-
sus those on medical treatment alone.34

Considering these results, we expect that the effect of the 
ASV device on HFpEF patients may be different from the ef-
fect of this therapy on HFrEF patients, and that its use may 
be safe. However, the provided evidence is not sufficient for 
a general treatment recommendation, and larger long term 
studies are required to definitely answer this question.31-33

Ongoing Studies and Registries
Three major randomized controlled trials concerning this pro-
blematic are ongoing at the moment.

The ADVENT-HF is a multicentre, multinational and rando-
mized Canadian trial, with the main goal to investigate the 
effect of ASV therapy in patients with HFrEF with either predo-
minant OSA or CSA (differing from the SERVE-HF study which 
was concerning HFrEF patients with predominant CSA). This 
trial employs an ASV device that uses peak flow to trigger 
pressure support (peak flow ASV), with relatively low mini-
mum expiratory (EPAP) and inspiratory pressure support (mi-
nimum expiratory positive airway pressure of 4 cmH20 and 
minimum inspiratory pressure support of 0 cmH20), different 
from the ASV device used in the SERVE HF trial that uses mi-
nute volume of ventilation (minute ventilation ASV) to trigger 
pressure support, and has higher minimum default pressures 
(minimum EPAP of 5 cmH20 and minimum inspiratory pres-
sure support of 3 cmH20). In addition, unlike the ASV device 
used in the previous studies, this device has an automatic al-
gorithm to titrate EPAP, controlling the obstructive events, and 
may give us some data about the benefit of this therapy in 
OSA. Unlike the SERVE HF trial, the ADVENT trial is preferen-
tial using the nasal interface, rather than the full face mask.35

The FACE study is a French prospective, observational trial 
that concerns the use of ASV in different subgroups of patien-
ts. The goal is to provide complementary data to SERVE HF, 
by characterizing CHF populations that are eligible for ASV. 
This trial has included 361 chronic heart failure (CHF) patien-
ts, enrolled by 30 centres. The results appear to be consis-
tent with those of the SERVE HF trial, and HFrEF patients with 
predominant central sleep apnoea (CSA) may have a poorer 
prognosis under ASV therapy, than the other CHF popula-
tions, like those with predominant obstructive sleep apnoea 
and/or those with preserved ejection fraction.36,37

The CAT HF study is an American trial evaluating the car-
diovascular outcomes of minute ventilation ASV therapy in 
hospitalized patients with acute decompensated heart failure, 
rather than in chronic stable HF patients, like in the SERVE HF 
study. Both HFrEF and HFpEF patients were, initially, eligible 
for the study, as long as they had signs and symptoms of acu-
te HF (dyspnoea at rest or with minimal exertion, orthopnoea, 
elevated natriuretic peptide levels, rales on physical exami-
nation, congestion on chest radiograph, and/or pulmonary 
capillary wedge pressure ≥ 25 mmHg ) and either obstructive 
and/or central sleep apnoea. By the time the results of the 
SERVE HF trial got available, the subgroup of patients with 
HFrEF was withdrawn from the study, reducing the sample 
size, and limiting the statistical power. However, the prelimi-
nary findings favour the use of minute ventilation ASV in pa-
tients with acute heart failure and preserved ejection fraction 
with moderate to severe sleep apnoea, showing improvement 
at the six month outcome, with lower rates of cardiovascular 
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hospitalization, and higher functional capacity assessed by 
the six minute walk distance (6 MWD).38

The changing of terminology of HF groups presented in the 
newer ESC guidelines of May 2016, defining three subgroups 
of HF patients (HFpEF with ejection fraction (EF) ≥ 50%, HFrEF 
with EF < 40% and the newer entity, with EF 40% - 49%, called 
heart failure midrange ejection fraction (HFmrEF), may lead to 
conflicting results in these ongoing trials, which are still using 
the older HF terminology.15

Conclusion
Since the publication of the SERVE-HF trial, all patients shou-
ld be assessed echocardiographycally before starting on 
ASV therapy, and it should not be prescribed if LVEF is equal 
or inferior to 45%.

Ongoing studies are trying to confirm these data and to 
evaluate the effect of this PAP therapy in patients with LVEF 
> 45%.

Until new data are available, patients with LVEF  > 45% 
may still use the ASV device, under great caution and regular 
evaluation.  ■
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