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ABSTRACT
We review the previous literature and our own cases to describe the conditions reflected by Cheyne-Stokes Breathing

(CSB) % variability based on data downloaded from CPAP devices in patients with Obstructive Sleep Apnea (OSA)

and the possibility of detecting abnormalities in these conditions by telemonitoring CSB. Telemonitoring of CSB can

allow early clinical prediction of heart disease onset and exacerbation. In addition, incorporating changes in cycle

length may improve the accuracy of anomaly detection, and CSB telemonitoring may also reflect dynamic changes in

loop gain phenomena.　Furthermore, it may be able to reflect pathologies other than heart disease. However, there

are still challenges to be overcome for further clinical application of telemonitoring of CSB.

Keywords: Telemonitoring; Obstructive sleep apnea; Cheyne-Stokes Breathing (CSB); Body mass index; Acute heart

failure

Abbrevations: AHF: Acute Heart Failure; AHI: Apnea-Hypopnea Index; Af: Atrial fibrillation; BMI: Body Mass

Index; CHF: Chronic Heart Failure; CL: Cycle Length; CPAP: Continuous Positive Airway Pressure; CSA: Central

Sleep Apnea; CSB: Cheyne-Stokes Breathing; Gc: Gain controller; Gp: Plant gain; LG: Loop Gain; LVEF: Left

Ventricular Ejection Fraction; OSA: Obstructive Sleep Apnea; PB: Periodic Breathing

INTRODUCTION
Continuous Positive Airway Pressure (CPAP) devices have 
advanced to serve not only as therapeutic devices but also as 
devices for monitoring their usage and therapeutic effects [1]. In 
addition, it has been suggested that longitudinal monitoring of 
sleep indices such as Cheyne-Stokes Breathing (CSB) in 
individual patients can enable clinical prediction of heart failure 
[2-4]. In other words, these devices can be used as "Health 
Monitors" for early detection of cardiovascular pathological 
exacerbation of patients [5].

LITERATURE REVIEW

Overlapping mechanisms of OSA and CSB

The mutual interactions among the following four endotypes are 
thought to be involved in the pathogenesis of OSA: "Anatomic 
Traits of the Upper Airway," "Low Arousal Threshold," "Upper 
Airway Dilator Muscle Responsiveness," and "Respiratory

Control Instability” [6]. Especially, for respiratory control
instability in the non-REM phase, the theory of Loop Gain
(LG), which is an engineering term, has been applied [7]. It is
considered that there are three important factors affecting the
LG in the respiratory system: Changes in the partial Pressure of
Arterial Carbon Dioxide (PACO2) due to changes in the
ventilation volume (plant gain; Gp), circulation delay, and
change in the ventilation volume in response to the stimulation
of chemoreceptors by PACO2 (controller gain; Gc). Sands, et al.
[8], have reported that this LG allows prediction of immediate
responses to CPAP. Orr, et al. [9], have reported that Central
Sleep Apnea (CSA)-CSB and treatment emergent CSA can be
almost always explained as the consequences of an increase in
this LG and that there is sufficient evidence for the overlapping
mechanisms of OSA and CSA. Naughton, et al. [10], have
suggested that the LG can be an important index for the severity
of apnea in addition to the standard indices such as the AHI.
Thus, we analyzed data collected at our hospital and from
previous reports with a focus on the LG in each disease and
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whom the circulation time is presumably delayed [21]. There has 
been a report of a decrease in CSA after mitral clip placement 
[22]. In our previous study, we have also detected increased 
ratios of early mitral inflow velocity to early diastolic mitral 
annular velocity and a history of heart failure despite favorable 
ejection fractions on echocardiography in patients who did not 
experience CSB at CPAP initiation but subsequently developed 
CSB [5]. We assume that CSB occurs in patients with mild 
pulmonary congestion even during relatively stable 
hemodynamic conditions; thus, increased Gc and Gp may be 
factors for the onset of CSB. In other words, CSB% monitoring 
data also reflect the severity of pulmonary congestion and 
diastolic dysfunction.

Another index that should be noted is the Cycle Length (CL). 
The subanalysis of the SERVE-HF trial has shown that the 
baseline CL was significantly longer in patients with adverse 
events [23]. Our previous study has also reported that the cut-off 
CL was 68.9 s, which significantly distinguished between 
patients with and without exacerbation of heart failure. Since 
our previous study is a single-center retrospective study affected 
by biased selection of cases and small sample size, this cut-off CL 
cannot be a generalized reference value [3]. However, it is 
sufficiently plausible that monitoring of the CL in addition to 
the CSB% would contribute to further improvement in the 
sensitivity for detecting exacerbation and abnormalities and to 
stratification of the risks of patients with heart failure.

Atrial fibrillation

CSB telemonitoring gets confusing in the presence of Af. 
Among studies on the improvement in CSB after treatment of 
Af. Fox, et al. [24], reported that the incidence of central 
respiratory events decreased immediately after defibrillation in 
116 patients with Af or atrial flutter. In the first place, the 
cumulative incidence of Af is higher in patients with OSA than 
in those without OSA. In this regard, Gami, et al. [25], have 
described the mechanisms of acute onset of Af and progression 
to chronic Af as follows: Mechanisms of acute onset of Af:

Presence of comorbidities such as hypertension, diastolic 
dysfunction, heart failure, and obesity

• Factors for sympathetic nervous system surge due to increased
left atrial pressure and vagal-sympathetic disequilibrium

• Changes in the intrathoracic pressure and extension of the
atria and pulmonary vessels

Mechanisms of progression to chronic Af

• Persistence of the comorbidities described above
• Increased activity of cardiac sympathetic nerves
• Atrial fibrosis, remodeling, and enlargement

The CSB% often increases with the onset of Af. Our previous
study has also reported that the CSB% increases with the
perpetuation of Af, in other words, the progression from
transient to persistent Af [5]. Conversely, this suggests that
perpetuation of Af could be predicted by monitoring the CSB%
in these patients.
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explored whether CSB monitoring with CPAP devices was 
clinically useful in patients with OSA.

CSB% as an indicator

In our previous study, the median CSB% was as low as 0.34% in 
stable long-term CPAP users. However, the CSB% was high in 
patients with comorbidities such as Af or CRBBB, and it is 
difficult to set a standard value because of individual differences 
even during the stable period. It is still important to examine 
the time-series variation in a single patient [5].

Clinical usefulness of CSB telemonitoring in heart
disease

In heart disease, low cardiac output, highly activated 
sympathetic nervous system, and pulmonary congestion (i.e., 
elevated left atrial pressure) induce circulation delay and 
increase Gc and Gp. Moreover, these conditions mutually 
interact to cause the CSB pattern. In each disease, the LG 
appears to change depending on the severity of the disease, 
disease stage (e.g., the acute and chronic phases), and posture 
(e.g., recumbency) even in the same patient. It is complicated to 
consider the involvement and changes in these multiple factors 
[11]. However, changes in the CSB% often indicate an 
exacerbation during an increase and stable condition during a 
decrease in CSB in the real-world setting for individual patients.

Acute heart failure

Javaheri, et al. [12], have reported that CSB may be the first sign 
of mild heart failure even before the onset of symptoms of 
orthopnea or paroxysmal nocturnal dyspnea. We have also 
reported that the CSB% demonstrated an increase in most of 
the patients in the AHF group approximately 8–10 days before 
they visited the outpatient clinic with symptoms. Therefore, the 
most important mechanism for the onset of CSB appears to be 
an increase in the Gc due to increased sensitivity of 
chemoreceptors [3]. The increased sensitivity of chemoreceptors 
has been attributed to increased left atrial pressure. A rapid 
increase in left atrial pressure increases the sensitivity of 
chemoreceptors [13]. In addition, increased pulmonary capillary 
wedge pressure is common in CSB and is considered to correlate 
with the severity of CSB [14-16]. Yumino, et al. [17], CSB is also 
reported to be associated with the state of the body fluid, 
including the degree of overnight peritoneal fluid shift, which 
suggests that CSB may increase the Gp in the LG [17]. Thus, 
increased CSB in AHF may be associated with an increase in the 
Gc, mainly the Gp. Close monitoring of the CSB% allows 
detection of abnormalities at an early stage.

Chronic heart failure

In patients with a history of heart failure, including those with 
an originally high CSB%, monitoring of the CSB% is less 
sensitive for the detection of abnormalities than in patients with 
AHF [3]. Classically, CSB has been attributed to increased 
circulation delay from the lungs to chemoreceptors [16,18-20]. 
Although the circulation delay appears to be one of the causes, 
CSB does not often occur in  CHF  patients  with  low  LVEF  in
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Figure 1: Fluctuations in CSB% over 1 year for each case. 

Index.

RESULTS AND DISCUSSION
From another perspective, the mechanism of the onset of CSB 
may differ between transient and persistent Af. It appears that 
transient Af is mainly affected by pulmonary congestion due to 
rapidly increased left atrial pressure, in other words, increased 
Gc or Gp, whe reas persistent Af is largely affected by left atrial 
enlargement and circulation delay. Thus, monitoring of the CSB
% may detect increases in the above-described factors, which are 
involved in the increase and progression of CSB. However, when 
the use of the CSB% is considered as a pathological index, the 
most important problem is that some patients with persistent Af 
show high CSB%, although their condition is relatively stable. 
The CSB% also demonstrates substantial fluctuation. Thus, the 
CSB% alone cannot be an index that facilitates a better 
understanding of pathological conditions.

Figure 2 shows Case F with recurrent heart failure and Case G 
without a history of heart failure. In both cases, the patients had 
persistent Af. The CL was clearly different between these cases. 
Furthermore, in Case F, the CL during exacerbation of heart 
failure (E-1) was longer than that during the stable phase (E-2). 
Although LVEF measured by echocardiography was ≥ 55% in 
both phases, the left atrial diameter was greatly different between 
Case E (82 mm) and Case F (49 mm). These findings suggest 
that the CL should be considered in patients with Af to 
determine whether CSB should be treated. In other words, in 
heart disease, the accuracy of abnormality detection may be 
improved by adding the mean value of CL and time-series 
variation of CL to the index.

Figure 3 shows the changes in CSB% over a one-year period in 
patients other than those with heart disease: Case H had 
spinocerebellar degeneration and was attending our outpatient 
clinic with progressive symptoms. Thus, CSB% may reflect 
patient conditions other than cardiac disease. There are some 
problems, such as the lack of uniformity of CSB calculation 
criteria for each CPAP device and the current situation where 
CL is not included in the downloadable items. Figure 4 shows 
the association between the pathophysiology-loop gain-
endotypes and CSB.
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Normal case

A 57-year-old man with a Body Mass Index (BMI) of 29.0 kg/m2 

at approximately 5 years after CPAP initiation.

Acute Heart Failure (AHF)

A 75-year-old woman with a BMI of 32.2 kg/m2 at 
approximately 7 years after CPAP initiation. AHF was caused by 
acute mitral regurgitation due to tendon rupture.

Acute myocardial infarction complicated by AHF
with a prior history of Af

A 64-year-old man with a BMI of 25.7 kg/m2 at approximately 2 
years after CPAP initiation. He had a history of persistent Atrial 
fibrillation (Af). Although he had remained in sinus rhythm for 
a while, his Af relapsed. Subsequently, he developed acute 
myocardial infarction, which was complicated by AHF.

Exacerbation of Chronic Heart Failure (CHF)

An 83-year-old man with a BMI of 24.0 kg/m2 at approximately 
13 years after CPAP initiation. He had poor adherence to 
medication because of cognitive decline. He repeatedly 
experienced acute exacerbation of paroxysmal Af and CHF over 
a short period of time.

Changes in the CSB% over 1 year in each case are presented in 
Figure 1.
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Figure 2: Comparison of CPAP telemonitoring raw waveforms 
in patients with permanent atrial fibrillation. Note: CPAP= 
Continuous Positive Airway Pressure.

Note: CSB=Cheyne Stokes Breathing, AHI=Apnea Hypopnea 

METHODOLOGY



Figure 3: Shows the association between the pathophysiology-
loop gain-endotypes and CSB. Note: Case G had a stroke in 
the right middle cerebral artery region and was admitted to a 
hospital on the date indicated by the arrow; Case I had 
depression and started taking antidepressants from the 
arrowed date.

ACKNOWLEDGEMENT
No funding was received f from public, commercial, or non-for-
profit entities.

CONFLICTS OF INTEREST
The author declare no conflicts of interest associated with this
manuscript. Availability of data and material. The datasets used
and/or analyzed during this manuscript are available from the
corresponding author on direct request.

ETHICAL APPROVAL
All patients provided written informed consent after we
provided information regarding the study procedure. Informed
consent: Written informed consent was obtained from
participants.

REFERENCES
1. Li QY, Berry RB, Goetting MG, Staley B, Soto-Calderon H, Tsai

SC, et al. Detection of upper airway status and respiratory events by a
current generation positive airway pressure device. Sleep. 2015; 38(4):
597-605.

2. Prigent A, Pellen C, Texereau J, Bailly S, Coquerel N, Gervais R,et
al . CPAP telemonitoring can track Cheyne–Stokes respiration and
detect serious cardiac events: The AlertApnée Study. Respirology.
2022; 27(2):161-169.

3. Saito K, Takamatsu Y. Cheyne-stokes breathing as a predictive
indicator of heart failure in patients with obstructive sleep apnea; A
retrospective case control study using continuous positive airway
pressure remote monitoring data. FRONT CARDIOVASC MED.
2022.

4. Ullah MI, Tamanna S, Bhagat R. High nocturnal periodic breathing
reported by PAP adherence data predicts decompensation of heart
failure. J Clin Sleep Med. 2023; 19(3):431-441.

5. Saito K, Takamatsu Y. Periodic breathing in patients with stable
obstructive sleep apnea on long-term continuous positive airway
pressure treatment: a retrospective study using CPAP remote
monitoring data. Sleep Breath. 2021.

6. Eckert DJ, White DP, Jordan AS, Malhotra A, Wellman A.
Defining phenotypic causes of obstructive sleep apnea. Identification
of novel therapeutic targets. Am J Respir Crit. 2013; 188(8):
996-1004.

7. Khoo MC, Kronauer RE, Strohl KP, Slutsky AS. Factors inducing
periodic breathing in humans: A general model. J Appl Physiol.
1982; 53(3):644-659.

8. Sands SA, Edwards BA, Kee K, Turton A, Skuza EM, Roebuck
T,et al. Loop gain as a means to predict a positive airway pressure
suppression of Cheyne-Stokes respiration in patients with heart
failure. Am J Respir Crit. 2011; 184(9):1067-1075.

9. Orr JE, Malhotra A, Sands SA. Pathogenesis of central and complex
sleep apnoea. Respirology. 2017; 22(1):43-52.

10. Naughton MT, Kee K. Sleep apnoea in heart failure: To treat or not
to treat? Respirology. 2017; 22(2):217-229.

11. Szollosi I, Roebuck T, Thompson B, Naughton MT. Lateral
sleeping position reduces severity of central sleep apnea/Cheyne-
Stokes respiration. Sleep. 2006; 29(8):1045-1051.

12. Javaheri S, Blackwell T, Ancoli-Israel S, Ensrud KE, Stone KL,
Redline S. Sleep-disordered breathing and incident heart failure in
older men. Am J Respir Crit. 2016; 193(5):561-568.

Saito K

CONCLUSION
Continuous positive airway pressure devices can be used as 
"Health Monitors" for early detection of 　 cardiovascular 
pathological exacerbation of patients with obstructive sleep 
apnea. Telemonitoring of Cheyne-Stokes Breathing can allow 
early clinical prediction of heart disease onset and exacerbation. 
In addition, incorporating CL variation may improve the 
accuracy of anomaly detection. In addition to telemonitoring of 
Cheyne-Stokes Breathing reflecting the dynamic changes in the 
loop gain phenomenon. Furthermore, it may be able to reflect 
pathologies other than heart disease. However, there are still 
challenges to be overcome for further clinical application of 
telemonitoring of Cheyne-Stokes Breathing.

4

Figure 4: Imaginary diagram of pathophysiology-loop gain-
endotype and CSB linkage.

J Sleep Disord Ther, Vol.12 Iss.6 No:1000445

https://academic.oup.com/sleep/article/38/4/597/2416933?login=false
https://academic.oup.com/sleep/article/38/4/597/2416933?login=false
https://www.frontiersin.org/articles/10.3389/fcvm.2022.790331/full
https://www.frontiersin.org/articles/10.3389/fcvm.2022.790331/full
https://www.frontiersin.org/articles/10.3389/fcvm.2022.790331/full
https://www.frontiersin.org/articles/10.3389/fcvm.2022.790331/full
https://jcsm.aasm.org/doi/10.5664/jcsm.10346
https://jcsm.aasm.org/doi/10.5664/jcsm.10346
https://jcsm.aasm.org/doi/10.5664/jcsm.10346
https://link.springer.com/article/10.1007/s11325-021-02510-0
https://link.springer.com/article/10.1007/s11325-021-02510-0
https://link.springer.com/article/10.1007/s11325-021-02510-0
https://link.springer.com/article/10.1007/s11325-021-02510-0
https://www.atsjournals.org/doi/10.1164/rccm.201303-0448OC
https://www.atsjournals.org/doi/10.1164/rccm.201303-0448OC
https://journals.physiology.org/doi/abs/10.1152/jappl.1982.53.3.644
https://journals.physiology.org/doi/abs/10.1152/jappl.1982.53.3.644
https://www.atsjournals.org/doi/10.1164/rccm.201103-0577OC
https://www.atsjournals.org/doi/10.1164/rccm.201103-0577OC
https://www.atsjournals.org/doi/10.1164/rccm.201103-0577OC
https://onlinelibrary.wiley.com/doi/10.1111/resp.12927
https://onlinelibrary.wiley.com/doi/10.1111/resp.12927
https://onlinelibrary.wiley.com/doi/10.1111/resp.12964
https://onlinelibrary.wiley.com/doi/10.1111/resp.12964
https://academic.oup.com/sleep/article/29/8/1045/2708458?login=false
https://academic.oup.com/sleep/article/29/8/1045/2708458?login=false
https://academic.oup.com/sleep/article/29/8/1045/2708458?login=false
https://www.atsjournals.org/doi/10.1164/rccm.201503-0536OC
https://www.atsjournals.org/doi/10.1164/rccm.201503-0536OC


13. Solin P, Bergin P, Richardson M, Kaye DM, Walters EH,
Naughton MT. Influence of pulmonary capillary wedge pressure on
central apnea in heart failure. Circulation. 1999; 99(12):1574-1579.

14. Chenuel BJ, Smith CA, Skatrud JB, Henderson KS, Dempsey JA.
Increased propensity for apnea in response to acute elevations in left
atrial pressure during sleep in the dog. J Appl Physiol. 2006; 101(1):
76-83.

15. Olson TP, Frantz RP, Snyder EM, O'Malley KA, Beck KC,
Johnson BD. Effects of acute changes in pulmonary wedge pressure
on periodic breathing at rest in heart failure patients. Am Heart J.
2007.

16. Oldenburg O, Bitter T, Wiemer M, Langer C, Horstkotte D, Piper
C. Pulmonary capillary wedge pressure and pulmonary arterial
pressure in heart failure patients with sleep-disordered breathing.
Sleep med. 2009; 10(7):726-730.

17. Yumino D, Redolfi S, Ruttanaumpawan P, Su MC, Smith S,
Newton GE,et al. Nocturnal rostral fluid shift: a unifying concept for
the pathogenesis of obstructive and central sleep apnea in men with
heart failure. Circulation. 2010; 121(14):1598-1605.

18. Javaheri S, Parker TJ, Liming JD, Corbett WS, Nishiyama H,
Wexler L, et al. Sleep apnea in 81 ambulatory male patients with
stable heart failure: types and their prevalences, consequences, and
presentations. Circulation. 1998; 97(21):2154-2159.

19. Oldenburg O, Lamp B, Faber L, Teschler H, Horstkotte D, Töpfer
V. Sleep‐disordered breathing in patients with symptomatic heart
failure A contemporary study of prevalence in and characteristics of
700 patients. Eur J Heart Fail. 2007; 9(3):251-257.

20. Mortara A, Sleight P, Pinna GD, Maestri R, Capomolla S, Febo O,
et al. Association between hemodynamic impairment and Cheyne-
Stokes respiration and periodic breathing in chronic stable congestive
heart failure secondary to ischemic or idiopathic dilated
cardiomyopathy. Am J Card. 1999; 84(8):900-904.

21. Bitter T, Langer C, Vogt J, Lange M, Horstkotte D, Oldenburg O.
Sleep-disordered breathing in patients with atrial fibrillation and
normal systolic left ventricular function. Dtsch rztebl Int. 2009;
106(10):164.

22. Spiesshoefer J, Spieker M, Klose S, Keymel S, Boentert M, Krueger
S, et al. Reduction of sleep-disordered breathing following effective
percutaneous mitral valve repair with the MitraClip system. Sleep
Breath. 2019; 23:815-824.

23. Javed F, Tamisier R, Pepin JL, Cowie MR, Wegscheider K,
Angermann C, et al. Association of serious adverse events with
Cheyne–Stokes respiration characteristics in patients with systolic
heart failure and central sleep apnoea: A SERVE‐Heart Failure sub
study analysis. Respirology. 2020; 25(3):305-311.

24. Fox H, Bitter T, Horstkotte D, Oldenburg O. Cardioversion of
atrial fibrillation or atrial flutter into sinus rhythm reduces nocturnal
central respiratory events and unmasks obstructive sleep apnoea. Clin
Res Cardiol. 2016; 105:451-459.

25. Gami AS, Hodge DO, Herges RM, et al. Obstructive sleep apnea,
obesity, and the risk of incident atrial fibrillation. J Am Coll Cardiol.
2007;49(5):565-571.

Saito K

J Sleep Disord Ther, Vol.12 Iss.6 No:1000445 5

https://www.ahajournals.org/doi/10.1161/01.CIR.99.12.1574
https://www.ahajournals.org/doi/10.1161/01.CIR.99.12.1574
https://journals.physiology.org/doi/full/10.1152/japplphysiol.01617.2005
https://journals.physiology.org/doi/full/10.1152/japplphysiol.01617.2005
https://www.sciencedirect.com/science/article/abs/pii/S0002870306008970?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0002870306008970?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S138994570800227X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S138994570800227X?via%3Dihub
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.109.902452
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.109.902452
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.109.902452
https://www.ahajournals.org/doi/10.1161/01.CIR.97.21.2154
https://www.ahajournals.org/doi/10.1161/01.CIR.97.21.2154
https://www.ahajournals.org/doi/10.1161/01.CIR.97.21.2154
https://onlinelibrary.wiley.com/doi/full/10.1016/j.ejheart.2006.08.003
https://onlinelibrary.wiley.com/doi/full/10.1016/j.ejheart.2006.08.003
https://onlinelibrary.wiley.com/doi/full/10.1016/j.ejheart.2006.08.003
https://www.ajconline.org/article/S0002-9149(99)00462-2/fulltext
https://www.ajconline.org/article/S0002-9149(99)00462-2/fulltext
https://www.ajconline.org/article/S0002-9149(99)00462-2/fulltext
https://www.ajconline.org/article/S0002-9149(99)00462-2/fulltext
https://www.aerzteblatt.de/int/archive/article/63690
https://www.aerzteblatt.de/int/archive/article/63690
https://link.springer.com/article/10.1007/s11325-018-1764-x
https://link.springer.com/article/10.1007/s11325-018-1764-x
https://onlinelibrary.wiley.com/doi/10.1111/resp.13613
https://onlinelibrary.wiley.com/doi/10.1111/resp.13613
https://onlinelibrary.wiley.com/doi/10.1111/resp.13613
https://onlinelibrary.wiley.com/doi/10.1111/resp.13613
https://link.springer.com/article/10.1007/s00392-015-0940-2
https://link.springer.com/article/10.1007/s00392-015-0940-2
https://link.springer.com/article/10.1007/s00392-015-0940-2
https://www.sciencedirect.com/science/article/pii/S0735109706028592?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0735109706028592?via%3Dihub

	Contents
	Application of CPAP Telemonitoring as a "Health Monitor"
	ABSTRACT
	INTRODUCTION
	LITERATURE REVIEW
	Overlapping mechanisms of OSA and CSB
	CSB% as an indicator
	Clinical usefulness of CSB telemonitoring in heart disease
	Acute heart failure
	Chronic heart failure
	Atrial fibrillation

	CASE PRESENTATION
	Normal case
	Acute Heart Failure (AHF)
	Acute myocardial infarction complicated by AHF with a prior history of Af
	Exacerbation of Chronic Heart Failure (CHF)

	RESULTS AND DISCUSSION
	CONCLUSION
	ACKNOWLEDGEMENT
	CONFLICTS OF INTEREST
	ETHICAL APPROVAL
	REFERENCES




