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ABSTRACT
Sleep-disordered breathing (SDB) is a complex syndrome with a high prevalence and a significant impact on the general well-being of the 
overall population. Heart failure (HF) is a major health issue with an increasing incidence, a high rate of hospitalizations, and high mortality in 
developing countries. Focusing on early recognition and management of HF comorbidities may have an important role in reducing the eco-
nomic burden and public health impact of HF. The close interconnection between HF, heart rhythm disturbances, and sleep apnea is supported 
by the mutual risk factors such as age, smoking, obesity, and male sex. Central sleep apnea (CSA) may be considered a marker of advanced HF, 
often being associated with elevated pulmonary capillary wedge pressure, brain natriuretic peptide (BNP), and noradrenaline levels and with 
low left ventricular ejection fraction. In the same way, there is an important correlation between CSA and different types of arrhythmias. The 
large intraindividual rhythm variability reported in patients with SDB who underwent continuous monitoring by implantable loop recorder (ILR) 
demonstrated the incapacity of 24-hour and 48-hour Holter monitoring to accurately determine the incidence of cardiac arrhythmias. In patients 
with HF and CSA, the extended cardiac monitoring by ILR becomes compulsory because in-time interventions could be life saving, but with the 
absolute lack of solid evidence in this field, there is an acute need for extensive randomized trials to further highlight the potential beneficial 
effect of ILR monitoring in patients with CSA and HF.
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Heart failure and central sleep apnea in the era of 
implantable recorders

Introduction

Sleep-disordered breathing (SDB) is a complex syndrome 
with a high prevalence and a significant impact on the gen-
eral wellbeing of the overall population. Sleep is a basic vital 
process of the human body, being thoroughly controlled by the 
human brain. The sleeping phases alternate between rapid eye 
movement (REM) and non-REM. This process is the result of 
the continuous interaction between the sympathetic and para-
sympathetic nervous system with the dominance of the vagal 
tone. This complex interaction allows the relaxation of the 
cardiovascular-neural axis with further rest and restoration of 
the balance in the human body, resulting in a normal activity 
of the cardiovascular, nervous, and endocrine systems in the 
vigil period. Sudden changes in the balance of the vegetative 
nervous system cause the disturbance of the interaction and 
alternation of the sleeping phases; thus, all the types of sleep 
disturbances, especially sleep apnea, have an important nega-
tive impact on the nervous, endocrine, and especially the car-
diovascular system.

SDB includes a wide range of pathologies, which can be 
generally classified into several subtypes, such as obstructive 
sleep apnea (OSA) [daytime sleepiness with at least five obstruc-
tive events per hour (apneas+hypopneas)], central sleep apnea 
(CSA) (daytime sleepiness or frequent arousals with at least five 
central events per hour), and sleep-related hypoventilation (1).

SDB is frequently associated with heart failure (HF) with a 
prevalence of about 40%-50% in these patients (2). OSA as well 
as CSA are often found in patients with HF, although OSA is being 
considered as a well-known cause of HF, whereas CSA is rated 
as a consequence of it (3). SDB is widely recognized as an im-
portant contributor to HF-associated morbidity and mortality. So, 
considering the high prevalence of HF and HF-associated co-
morbidities in the last decades, an important attention has been 
drawn to the understanding of the pathophysiological mecha-
nisms, early detection methods, and management strategies of 
SDB, especially of the different types of sleep apnea (4).

The early recognition and treatment of sleep apnea are im-
portant for the improvement of quality of life (QoL) and preven-
tion of the earlier-mentioned consequences. The diagnosis of 
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SDB implies testing during sleep, including laboratory polysom-
nography (PSG) or home sleep apnea testing (5). The association 
between HF, sleep apnea, and rhythm disturbances has been an-
alyzed, revealing the coexistence of these pathologies in >50% 
of affected individuals (6, 7). 

Still, the complex interrelation between HF, SDB, and cardiac 
rhythm disturbances are poorly studied, especially when con-
sidering the individual prevalence and mechanism of different 
types of sleep apnea. It is interesting that OSA has a rather low 
incidence and prevalence in HF, variables that are merely com-
parable with the ones in the general population, ranging from 8% 
in the study by Grimm et al. (7) to 38% in the study by Sin et al. (8).

In the same contex, Sin et al. (8) included 450 patients with 
HF in the study, all of whom were referred to the sleep laboratory 
because of suspected SDB. This distinct randomization explains 
the high variability of the obtained data. Oldenburg et al. (9) con-
firmed the high prevalence of SDB, particularly CSA in CHF pa-
tients, CSA resembled to be a marker of heart failure severity. 
This important difference between the data may be explained 
by the different criteria of inclusion. Grimm et al. (10) selected 
patients with HF after patients with a history of SDB and with 
symptoms suggestive of SDB had been excluded. 

At the same time, CSA has a notably higher frequency of 
about 50% in patients with HF, ranging from 21% to 82% accord-
ing to different data sources (3).

Despite these data, it is yet unclear whether SDB is an inde-
pendent marker of an eventual poor outcome or an independent 
prognostic factor in HF. There is a high certainty that SDB in-
volves a high risk for supraventricular and ventricular arrhyth-
mias (10).

Otherwise, concerning the type of HF, there is a large amount 
of data referring to the association of SDB with arrhythmias and 
HF with reduced ejection fraction (HF-rEF), whereas the associ-
ation between SDB, arrhythmias, and HF with preserved ejection 

(HF-pEF) is poorly reported, with the prevalence of CSA reported 
as approximately 30% in this group, whereas the prevalence of 
SDB in HF with mid-range ejection fraction (HF-mrEF) is lacking 
consistent data.

Anyway, although there are many subjects with an inconsis-
tency of data and evidence, there is one certain thing: regardless 
of the nature of SDB (whether OSA or CSA), suspicion for sleep 
apnea should be high in patients with HF because approximately 
two thirds of these have sleep apnea.

CSA and HF 
HF is a major health issue with an increasing incidence, a 

high rate of hospitalizations, and high mortality in developing 
countries. Focusing on early recognition and management of HF 
comorbidities may have an important role in reducing the eco-
nomic burden and public health impact of HF (5).

CSA is associated with a significant risk of increased mor-
bidity and mortality in patients with HF, resulting in intermittent 
hypoxemia, excessive activity of the renin-angiotensin-aldoste-
rone system, and worsening of HF signs and symptoms (11). 

The characteristics of patients with CSA are different when 
compared with the characteristics of those presenting with 
OSA. The majority of patients with CSA and HF are middle-aged 
and older males with a normal or nearly normal body mass index 
(BMI), presenting with arrhythmia (atrial and ventricular), fa-
tigue, nycturia, and daytime hypocapnia [partial pressure of car-
bon dioxide (CO2) <38 mm Hg] and are known to have reduced 
ejection fraction and recurrent HF hospitalizations. Snoring is 
not very usual as it is in patients with OSA. It would be obvious 
to think that these patients should have daytime symptoms and 
be aware of the sleep disturbance they have, especially those 
presenting with severe forms of CSA, but surprisingly, a great 
number of them do not experience daytime fatigue, sleepiness, 
or disordered sleep. There are several hypotheses explaining 
this fact. One of these hypotheses suggests the poor QoL of this 
category of patients with HF and the fatigue characterizing the 
underlying disease. Another hypothesis reports the potential in-
crease in sympathetic activity, which effaces the typical sleepi-
ness symptoms. 

Usually, CSA occurs in one of the two classical forms: 
Cheyne-Stokes respiration or non-Cheyne-Stokes respiration, 
with a higher incidence of the Cheyne-Stokes pattern in patients 
with HF, resulting from a delay in the respiratory control center 
in detecting and responding to changes in CO2 above and below 
the apneic threshold (12). 

CSA may be considered a marker of advanced HF, often be-
ing associated with elevated pulmonary capillary wedge pres-
sure, BNP and noradrenaline levels and low left ventricular 
ejection fraction (LVEF). In the same way, there is an important 
correlation between CSA and the different types of arrhythmias, 
which require rhythm correction, pacemakers (atrial overdrive 
or biventricular) (11-13), or other types of interventions with a 
life-saving impact and, most importantly, an influence on QoL. 

• The arrhythmic implications of central sleep apnea (CSA) 
in patients with heart failure (HF) remain controversial.

• The new monitoring strategies may switch the use of 
implantable monitors from arrhythmia detection to a 
heart disease management strategy.

• There is no certainty about the therapeutic approach for 
the treatment of CSA in patients with HF; further 
research is required for the establishment of strong 
evidence for the new or conventional treatment options 
before applying them to clinical practice.

• The elevated rate of asymptomatic high-risk arrhyth-
mias in patients with HF and CSA makes extended car-
diac monitoring by implantable loop recorder compul-
sory in these groups of patients.

HIGHLIGHTS
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Here comes the essential importance of the early detection and 
correction of rhythm disturbances in patients with HF and CSA 
(14).

CSA, HF, and cardiac arrhythmias
The correlation between SDB, HF, and cardiac arrhythmias 

has been analyzed in several studies. One of those is the MrOS 
Sleep Study that studied the association between SDB with noc-
turnal atrial fibrillation (AF) or flutter and complex ventricular ec-
topy in older men. An extensive analysis in this study showed a 
progressively increased frequency of AF and complex ventricu-
lar events along with increasing severity of SDB.

In addition, a detailed series of analyses investigating the 
relative contribution of OSA and CSA to these associations indi-
cated that the relationship between SDB and nocturnal AF was 
largely associated with CSA but not purely with OSA. On the other 
hand, ventricular arrhythmias were associated with OSA but not 
with CSA and were also associated with overnight hypoxia. HF is 
a factor that may precipitate CSA by mechanisms of increased 
respiratory chemoreceptor drive, pulmonary congestion and/or 
hyperventilation, and prolonged circulation time; therefore, the 
analyses adjusted for self-reported HF showed an approximately 
three-fold increased odds of AF in association with CSA and five-
fold increased odds of AF with the Cheyne-Stokes form of CSA. It 
is possible that these relationships could be the result of unrec-
ognized HF or be related to underlying structural heart disease 
not measured in this study, such as ventricular hypertrophy and 
atrial enlargement. When SDB was characterized according to 
central or obstructive subtypes, complex ventricular ectopy was 
associated most strongly with OSA and hypoxia, whereas AF 
was most strongly associated with CSA, suggesting that differ-
ent sleep-related stresses may contribute to atrial and ventricu-
lar arrhythmogenesis in older men (15). Meanwhile, the results 
of the Dry Eye Assessment and Management study showed that 
obstructive respiratory events were stronger predictors of noc-
turnal cardiac arrhythmias than central respiratory events. 

Various measures of hypoxemia were significantly associ-
ated with nocturnal cardiac arrhythmia, whereas the arousal 
index—a measure of arousal from sleep (and presumably sym-
pathetic activity)—was not, associations found in a sleep clinic-
based population of U.S. veterans at risk of developing both SDB 
and cardiac arrhythmias. Regarding conduction delay arrhyth-
mias, the prevalence of sinus pauses, atrioventricular block, and 
asystole has been reported in up to 18% of patients with SDB, in 
comparison with just 3% in a healthy population. In patients with 
sleep apnea, the occurrence of conduction delay arrhythmias 
has been associated with SDB severity, the extent of hypoxemia, 
and REM sleep. The study found a significant relationship of hy-
poxemia with the frequency of intraventricular conduction delay. 
In contrast to these findings, Mehra et al. (16) reported no sig-
nificant difference in conduction delay arrhythmia between indi-
viduals with SDB and those without. This difference in observa-
tional data may be explained by differences in study design and 

study population as well as in the degree of oxygen desaturation. 
The combination of an apneic event and hypoxemia is necessary 
to trigger a vagally mediated apneic arrhythmia (17).

There is emerging evidence linking CSA and AF, and CSA may 
be a marker of abnormal autonomic function, respiratory che-
moreflex sensitivity, and cardiac function. Although studies per-
formed to date have provided some insight into the mechanism 
underlying these conditions, more investigation is needed to 
understand the clinical overlap between these common clinical 
entities. Considering that nearly one quarter of those with CSA 
and 30% of those with Cheyne-Stokes form of CSA developed AF, 
the presence of CSA or Cheyne-Stokes respiration may be used 
to target individual patients for AF risk reduction. Sleep Heart 
Health Study (SHHS) assessed the association of OSA and CSA 
with incident AF among 2,912 individuals without a history of AF, 
concluding that CSA has been associated with AF in patients 
with HF (18).

Extended cardiac monitoring in CSA
The large intraindividual rhythm variability was reported by 

Simantirakis et al. (18) in a cohort of patients with moderate to 
severe OSA who underwent continuous monitoring by implant-
able loop recorder (ILR), showing the incapability of 24-hour and 
48-hour Holter monitoring to accurately determine the incidence 
of atrial arrhythmias. Therefore, assuming that continuous elec-
trocardiographic (ECG) monitoring is the most reliable tool to 
determine the incidence of cardiac arrhythmias, approximately 
half of patients with OSA present with severe cardiac rhythm 
disturbances. Moreover, the frequency and severity of apnea-
related nocturnal bradyarrhythmias correlate with BMI, apnea-
hypopnea index (AHI), and desaturation level during the sleep 
study (19-21). On the other hand, in a smaller prospective study, 
which analyzed the AF recurrence profile after the first clinical 
episode and investigated the clinical parameters associated 
with the course of arrhythmia using an ILR, there was no signifi-
cant percentage of patients with AF recurrence after their first 
symptomatic episode or after they showed a low recurrence 
rate. Most patients presented with episodes of short duration, 
but these results must be confirmed by larger studies (22).

More accurate follow-up using ILRs shows that the initiation 
of continuous positive airway pressure (CPAP) therapy tends to 
reduce the total number of recorded episodes in the short term, 
whereas in the long-term, bradycardia episodes are completely 
abolished. CPAP therapy also has the capability to decrease the 
QT-corrected interval dispersion present at baseline in patients 
with moderate to severe OSA (23). The latter might have impli-
cations in preventing the related bradycardia early after depo-
larizations and the ventricular arrhythmias leading to nocturnal 
sudden death (24).

In elderly patients, only CSA but not OSA was associated 
with the presence of AF; moreover, prolonged hypoxia during 
sleep and the overall severity of SDB are associated with AF in 
SDB (25, 26). 
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The presence of CSA is associated with HF in the elderly, 
which is a well-known risk factor for AF (27). In addition, sev-
eral well-recognized risk factors for the burden of AF, such as 
atrial enlargement, valvular diseases, and left ventricular func-
tion, have generally not been considered in large cohort studies, 
which may have biased their conclusions. In another trial, the 
severity of CSA and increased levels of C-reactive protein are 
associated with the presence of AF in patients with HF (28). 

Bitter et al. (29) studied the association of CSA with an in-
creased risk of malignant cardiac arrhythmias in patients with 
congestive HF, showing an independent correlation of CSA with 
a shorter event-free survival period, awaiting first monitored 
ventricular arrhythmia, and appropriate cardioverter-defibrilla-
tor therapy in patients with HF.

Although the correlation between CSA and AF has been re-
peatedly observed, the optimal treatment of AF in patients with 
CSA has not been extensively investigated, which is most likely 
due to the common coexistence of CSA and HF. The presence 
of HF per se reduces the success of external cardioversion and 
ablation, which may be an important confounder in a study de-
sign (30).

Despite the strong evidence that CSA is an important treat-
able risk factor for AF, stroke, and death, CSA is not included in 
any conventional multiparametric risk scores. Patients with AF 
with coexistent SDB, especially those with a moderate to severe 
AHI, should be considered at high risk of ischemic events. This is 
why it is very important to identify the different types of cardiac ar-
rhythmia in patients with SDB, especially in those with CSA, which 
is highly associated with HF and worsens the prognosis of these 
patients with an important increase in mortality and morbidity (31). 

Apnea-associated arrhythmia may contribute to sudden 
cardiac death and premature mortality in HF. CSA exerts strong 
modulatory effects on the autonomic system with a special auto-
nomic profile. Profound vagal activity leads to bradyarrhythmias, 
and sympathetic excitation leads to tachyarrhythmias. AF and 
ventricular arrhythmias in patients with CSA are mainly found in 
combination with cardiovascular comorbidity (32). 

The mechanisms and pathophysiology of the connection 
between CSA and supraventricular and ventricular arrhythmias 
are still under-recognized, although some of them have already 
been studied, explained, and described by researchers, but in 
any case, the necessity of a deep, multidisciplinary approach for 
the identification of all the miscellaneous masks of this tricky pa-
thology is obvious. 

The Extended Cardiac Monitoring in Patients with Severe 
Sleep Apnea and No History of Atrial Fibrillation Study had the 
aim to determine the incidence of new-onset AF in patients with 
severe OSA syndrome by the use of an ILR, emphasizing the in-
creasing role of the extended ECG monitoring in the diagnostic 
work-up and management of patients with SDB. The results of 
the study showed that 20% of patients with severe OSA had new-
onset AF, emphasizing the fact that extended cardiac monitoring 
of patients with severe OSA may facilitate the identification of 

new-onset arrhythmias (32). Similar results were described by 
the REVEAL AF Study, which enrolled 446 patients at high risk 
for but without previously known AF using an insertable cardiac 
monitor, including 104 patients (26.4%) with sleep apnea and 
81 patients (20.6%) with HF, with an important overlap between 
these two diseases in the study population and a maximal fol-
low-up of 30 months. The AF detection rate was 6.2% at 30 days, 
20.4% at 6 months, 27.1% at 12 months, 33.6% at 24 months, and 
40.0% at 30 months; most patients would not have been identi-
fied with shorter duration monitoring typical of external devices.

Two smaller studies—Prevalence of Sub-Clinical Atrial Fi-
brillation Using an Implantable Cardiac Monitor (ASSERT-II) 
study and The Predicting Atrial Fibrillation or Flutter (PREDATE-
AF) study—have also reported on the incidence of AF in high-
risk populations using implantable recorders. The rate of detec-
tion of AF lasting ≥5 minutes was 34.4% per person-year in the 
ASSERT-II study, and the incidence of AF or atrial flutter was 
22% during an average follow-up of approximately 15 months in 
the PREDATE-AF study (33, 34). 

The LOOP study is an ongoing randomized controlled trial 
with 6,000 participants to receive an ILR with continuous ECG 
monitoring. Participants included are aged ≥70 years and were 
previously diagnosed as having at least one of the following con-
ditions: hypertension, diabetes mellitus, HF, or previous stroke. 
The primary endpoint is time to stroke or systemic embolism, 
whereas secondary endpoints include time to AF diagnosis and 
death. The study is expected to evaluate the health benefits and 
cost effectiveness of ILR as a screening tool for AF to prevent 
stroke in patients at risk as well as identify the risk factors for 
the development of AF and characterization of arrhythmias in the 
high-risk population (35, 36). 

These results emphasize the impact of extended cardiac 
monitoring using ILR in the diagnosis of AF in high-risk patients, 
including patients with HF and SDB with or without symptoms, 
with important implications in screening and stroke prevention 
in this population (37). 

Most patients with HF have SDB, and with CSA rather than 
OSA becoming the predominant form in patients with more se-
vere disease, these patients have a worse prognosis than those 
without SDB. Mask-based therapies targeted for SDB can im-
prove sleep quality and can partially normalize sleep and respi-
ratory physiology. However, recent randomized trials of cardio-
vascular outcomes in CSA in chronic HF-rEF have had neutral 
findings or suggested the possibility of harm, likely from an in-
creased rate of sudden death, meaning that surrogate endpoints 
of improvement in respiratory and sleep metrics can no longer 
be taken as adequate therapeutic outcome measures in patients 
with HF and sleep apnea (38).

The impact of implantable devices in patients with sleep ap-
nea was also revealed and underlined in a study that included 
160 patients with a dual-chamber pacemaker. The results of the 
study showed an independent association of severe forms of 
sleep apnea with a higher risk of AF and new-onset AF (39).
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Different types of arrhythmias were noted to be associated 
with SDB and HF. Bradycardia and atrioventricular block are 
mediated by vagal stimulation accompanying apneas and hypop-
neas, the latter tending to occur during REM sleep and improve 
with CPAP treatment.

The majority of patients with persistent AF have been shown 
to have SDB. Among the participants in the SHHS, moderate to 
severe SDB was associated with a four-fold increase in the odds 
of AF. Data from a meta-analysis reported that the risk ratio for 
recurrent AF after pulmonary vein isolation was 1.25 in patients 
with OSA but not CSA compared with the ratio in those without 
OSA. In AF management guidelines, OSA is mentioned as being 
associated with AF and as a factor contributing to a reduction 
in the success of ablation procedures (40). Consideration of 
screening for sleep apnea in such patients is reasonable, and 
if OSA is diagnosed, treatment with CPAP may maximize the ef-
fectiveness of other rhythm-control strategies; these data are in-
conclusive for CSA. A high frequency of AF after coronary artery 
bypass graft surgery also has been reported in patients with SDB 
compared with the frequency in patients without SDB, suggest-
ing the importance of untreated SDB in modifying postcardiac 
surgery cardiovascular outcomes. Concerning ventricular ar-
rhythmias, patients with HF and SDB had a three-fold increased 
odds of nonsustained ventricular tachycardia and almost twice 
the risk of complex ventricular ectopy on PSG in the SHHS. Im-
provement in ventricular ectopy with CPAP treatment has been 
shown in patients with SDB and HF. An AHI >20 per hour was a 
significant and independent risk factor for incident sudden car-
diac death in a study of >10,000 patients with HF referred for PSG 
(41). Coexisting HF and SDB (both OSA and CSA) increase the 
risk of developing malignant ventricular arrhythmia in patients 
with implanted cardioverter defibrillators (42). 

Registry data show that treatment of SDB with Adaptive 
Servo-Ventilation (ASV) in patients with HF who have implant-
able cardioverter-defibrillator devices (ICDs) is associated with 
lesser use of defibrillatory therapies and improvements in car-
diac function and respiratory stability. However, in the light of the 
increased mortality in a large randomized trial of ASV in patients 
with HF-rEF and predominantly CSA (The Treatment of Predomi-
nant Central Sleep Apnoea by Adaptive Servo Ventilation in Pa-
tients With Heart Failure study) (43), mask-based therapy for 
CSA should be avoided at the present time. 

A meta-analysis of nine prospective cohort studies published 
between 1999 and 2013 with a total of 1,274 patients assessed 
the clinical impact of SDB on the incidence of appropriate ICD 
therapy, a surrogate for malignant ventricular arrhythmia. The 
results of the study showed that in patients with HF-rEF, the risk 
of appropriate ICD therapy is higher among patients with SDB 
than among those without. CSA is a well-established risk factor 
for high mortality in HF, and the finding of increased risk of ICD 
therapy in patients with CSA suggests that malignant arrhythmia 
may be one of the mechanisms of mortality in patients with HF 
who have CSA. At the same time, patients with SDB and underly-

ing HF may also be subject to serious bradyarrhythmias in sleep. 
Nocturnal bradyarrhythmias, including prolonged sinus pauses 
occurring during apneic episodes, are much more prevalent in 
patients with CSA than in those without, and although these ar-
rhythmias have been generally considered benign, the preva-
lence and its potentially deleterious impact on the outcome 
of patients with HF in association with SDB may need deeper 
research. Excessive parasympathetic response to apneic re-
spiratory events is thought to be an underlying mechanism for 
bradyarrhythmias; this response is exaggerated by impaired 
baroreflexes, which is frequently encountered in HF. 

Therefore, using ICD and ILR would enlighten the grey zones 
of this subject, confirming the high risk of life-threatening ar-
rhythmias in patients with HF in association with CSA (44).

The role of ILR in detecting ventricular arrhythmia in 
patients with HF 
Although it is increasingly recognized that noncardiovascu-

lar death is more common in patients with HF-mrEF and HF-pEF 
than in patients with HF with reduced LVEF, sudden death is still 
one of the most common causes of death in this population. It is 
unclear how many of these patients die from an arrhythmia and, 
if so, whether these are tachyarrhythmias or bradyarrhythmias. 
The Ventricular Tachyarrhythmia Detection by Implantable Loop 
Recording in Patients with Heart Failure and Preserved Ejection 
Fraction study (VIP-HF study) is a prospective study in patients 
with HF-mrEF/HF-pEF attempting to determine the incidence of 
ventricular tachyarrhythmias and rhythm directly before sudden 
death. In the VIP-HF study, sustained ventricular tachyarrhyth-
mias and sudden death were uncommon. The prediction of in-
creased risk of sudden death in patients with HF-mrEF/HF-pEF 
has been shown to be difficult if not impossible. Attempts to cre-
ate risk prediction models in patients with LVEF >40% found age, 
male sex, history of myocardial infarction and diabetes, pres-
ence of left bundle branch block, and NT-proBNP as risk indi-
cators of sudden death (45). In addition, earlier studies suggest 
that the mortality risk may be greater in ischaemic causes of HF 
than HF due to nonischaemic causes. The majority of patients in 
the VIP-HF study did not have a previous myocardial infarction, 
which may have led to a lower sudden death rate. In a recent 
paper focusing on renal patients, it was shown that in contrast to 
traditional thinking, sudden death is often not caused by ventric-
ular tachyarrhythmias but rather by bradyarrhythmias followed 
by asystole. Interestingly, in the VIP-HF study, we also observed 
a higher incidence of bradyarrhythmias than of sustained ven-
tricular tachyarrhythmias. One study examined the value of ILR 
in patients with reduced LVEF and found clinically significant 
bradyarrhythmias in a substantial proportion of patients (46). 

To our knowledge, no data on the incidence of bradyar-
rhythmias in HF-pEF are currently available. The use of an ILR 
led to an increased number of patients in whom nonsustained 
ventricular tachyarrhythmias were detected (from 18% on base-
line 24-hour Holter monitoring to 27%). No association between 
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nonsustained ventricular tachyarrhythmias on Holter monitoring 
and HF hospitalization or mortality was observed. In a recent 
retrospective study of 85 patients with HF-pEF who have a pace-
maker, 45% of patients had episodes of nonsustained ventricular 
tachyarrhythmias during 4 years of follow-up (47). 

Also in this study, no association was found between non-
sustained ventricular tachyarrhythmias and mortality. Patients 
with HF and a pacemaker are not comparable with those with-
out a pacemaker because their prognosis is more impaired. Es-
tablishing the cause of death with an ILR may therefore be dif-
ficult because the recording of the causative episode may be 
replaced after death with newer recordings of asystole or noise. 
The absence of intracardiac leads, making a distinction between 
low-amplitude ventricular fibrillation and asystole difficult, also 
increases the risk for noise capture.

Conclusions and further directions
Taking into consideration the inconsistency of data and lack 

of good quality evidence concerning the management of CSA in 
patients with HF and the high rate of arrhythmic morbidity pro-
gressively rising along with the HF and CSA severity increase as 
well as the high mortality by arrhythmic sudden cardiac death, 
it becomes imperative for early detection of cardiac arrhythmias 
in these groups of patients.

HF can worsen progressively over days or weeks, but current 
telemedicine systems might not be sufficient to detect acute ex-
acerbations in HF or to prevent rehospitalization (48). Converse-
ly, arrhythmias can often occur suddenly or intermittently and 
might require immediate intervention (49, 50). Advances in car-
diovascular monitoring technologies, such as the use of ubiqui-
tous mobile devices and the development of novel portable sen-
sors with seamless wireless connectivity and machine learning 
algorithms that can provide a specialist-level diagnosis in near 
real time, have the potential for a more personalized care. De-
vices have been developed to assess hemodynamics, which can 
detect potential signs of worsening HF (49). Furthermore, contin-
uous ECG recordings have been used to redefine phenotypes for 
AF and ventricular arrhythmias (50) and can predict the success 
of antiarrhythmic therapy (51). Wearable activity trackers and 
smartwatches can measure physiological indices, such as heart 
rate, breathing patterns, and cardiometabolic activity (52), and 
can even detect AF. Furthermore, smartphone applications have 
been successful in shortening the time to first response for sud-
den cardiac arrest. This confluence of novel technologies has 
also attracted much public interest and the promise to expand 
applications for cardiovascular monitoring. The advantages of 
ILRs include the capacity for long-term monitoring and consis-
tent ECG wave morphologies owing to a fixed spatial orientation. 
Paradoxically, such devices are suboptimal for the diagnosis of 
arrhythmias of short durations (tens of seconds to minutes) and 
for classifying the type of atrial arrhythmia (53). These limita-
tions might be overcome with improvements in signal process-
ing algorithms (54). Finally, numerous wearable ECG devices are 

available to the public. The Apple Watch (Apple, USA) and Kar-
diaMobile (Alivecor, USA) are approved by the Food and Drug 
Administration for rhythm monitoring and have clinical-level ac-
curacy for the detection of arrhythmias, such as AF (55). None 
of these devices provides continuous monitoring, although daily 
and nightly use for months might ultimately provide near-con-
tinuous recordings. However, at present, these devices require 
activation by the patient to record the ECG, and smartwatch 
pulse checks (through photoplethysmography) occur only in-
termittently. Therefore, these monitors can miss paroxysmal ar-
rhythmic events that are too short in duration or too catastrophic 
in nature to be captured by the patient and cannot measure ar-
rhythmia burden. As wearable devices become increasingly flex-
ible, stretchable, and weightless, they can be comfortably worn 
continuously to provide uninterrupted ECG data.

The major limitation of external loop recorders (ELR) for the 
diagnosis of unpredictable and infrequent symptoms, such as 
syncope, is that the patients must wear continuously external 
electrodes in order to activate loop memory. The ELR appears 
to have its greatest role in motivated patients with frequent (pre)
syncopes where spontaneous symptoms are likely to recur with-
in 4–6 weeks. This time frame is usually the maximum that a pa-
tient can comply with; shorter durations yield lower diagnostic 
yield. In randomized comparison studies, ELRs proved to yield a 
higher diagnostic value than conventional evaluation or Holter 
monitoring but a lower value than ILRs (56).

ILRs have the best yield (up to a 75% detection rate for the 
cause of syncope at 3 years). They do not need to be removed 
during certain activities, such as showering or swimming, and 
may identify significant cardiac rhythm abnormalities when the 
patient is sleeping. Patients can freely continue with their normal 
activities of everyday living and exercise. An identification card 
is usually given to the patient with the make and model of their 
ILR device. This information is valuable should the patient with 
recurrent symptoms present to the emergency department and 
need to have their device checked. The main purpose of the de-
vice is to record electrical activity and is therefore safe to travel 
with, and it is not affected by other electrical devices. Event re-
corders are the next most productive, and Holter monitors are 
the least effective unless events occur daily, which is not the 
case for most patients (57).

After the monitoring period, there are three possible combi-
nations of patient symptoms and ECG findings. The first possibil-
ity is when the patient has symptoms with corresponding ECG 
abnormalities, in which case appropriate therapy should be initi-
ated. Possible recommendations include implantation of a per-
manent pacemaker, implantation of an implantable cardiac de-
fibrillator, or a diagnostic electric study of the heart that may or 
may not be followed by a therapeutic procedure. If an arrhythmia 
is detected, such as AF, the patient may need to start a blood-
thinning medication to decrease the risk of a cerebral vascular 
accident. The second possibility is when the patient has symp-
toms without corresponding ECG abnormalities, in which case 
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the diagnosis is unlikely cardiac in nature, and other etiologies 
for the patient’s symptoms should be investigated. The patient 
can be referred to other more appropriate specialists if neces-
sary. The third possibility is when the patient has no symptoms 
and no ECG abnormalities during the monitoring period, and a 
cardiac etiology is unlikely, and no further ECG monitoring is 
required. If a diagnosis is made or no abnormalities were dis-
covered during the monitoring period, the patient can have the 
device removed in a similar fashion that it was implanted (56).

Although the relationship between CSA, cardiac arrhyth-
mias, and conduction disturbances has been analyzed in several 
studies, the arrhythmic implication of the CSA in adults with HF 
remains controversial. Taking into consideration the high rate 
of asymptomatic arrhythmias but with high mortality risk, es-
pecially concerning ventricular arrhythmias, bradyarrhythmias, 
and different types of heart blocks in patients with HF and CSA, 
the extended cardiac monitoring by ILR becomes compulsory in 
these groups of patients because in-time interventions could be 
life saving for them, but with the absolute lack of solid evidence 
in this field, there is an acute need of extensive randomized trials 
to further highlight the potential beneficial effect of ILR monitor-
ing in patients with CSA and HF.
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