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ABSTRACT

Background: Limited data exist regarding the long-term prognosis of percutaneous coronary intervention
(PCI) in young adults. The aim of this study was to retrospectively assess the long-term clinical outcomes
in young patients who underwent PCIL.

Methods and results: Between 1985 and 2011, 7649 consecutive patients underwent PCI, and data from
69 young adults (age <40 years) and 4255 old adults (age 265 years) were analyzed. A Cox proportional
hazards regression analysis was used to determine the independent predictors of a composite endpoint
that included all-cause death and acute coronary syndrome (ACS) during the follow-up period. The mean
age of the 69 young patients was 36.1 £+ 4.9 years, and 96% of them were men. Approximately 30% were
current smokers, and their body mass index (BMI) was 26.7 + 5.0 kg/m?. The prevalence of diabetes and
hypertension was 33% and 48%, respectively. All patients had >1 conventional cardiovascular risk factor.
At a median follow-up of 9.8 years, the overall death rate was 5.8%, and new-onset ACS occurred in 8.7%.
Current smoking was an independent predictor of the composite endpoint (hazard ratio 4.46, confidence
interval 1.08-19.1, p=0.04) for young adults.

Conclusion: Current smoking and obesity (high BMI) are the important clinical characteristics in young
Japanese coronary heart disease patients who undergo PCI. The long-term prognosis in young patients
is acceptable, but current smoking is a significant independent predictor of death and the recurrence of

ACS in young Japanese coronary heart disease patients who are obese.
© 2014 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.

Introduction

Coronary heart disease (CHD) is recognized as one of
the lifestyle-related diseases [1]. Since lifestyle-related burden
increases the risk of CHD events by age, CHD mainly occurs in
patients over 40 years of age. On the other hand, young adults <40
years of age rarely suffer from CHD, and epidemiologic data show
that this group accounts for only about 3% of all coronary artery
disease (CAD) cases [2]. However, autopsies have shown that about
50% of young individuals have progressive coronary atherosclerosis
even though they were not diagnosed with CHD [3].
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of Medicine, 2-1-1 Hongo, Bunkyo-ku, Tokyo 113-8431, Japan. Tel.: +81 3 5802 1056;
fax: +81 3 5689 0627.
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Several studies suggest that young CHD patients already have
multiple lifestyle-related risk factors and consequently have the
potential to develop coronary atherosclerosis [4,5]. One study
has shown that cigarette smoking, diabetes, and dyslipidemia are
prominent risk factors for the development of early atherosclerosis
in young populations [6]. Previous studies regarding differences in
characteristics of CHD between younger and older patients demon-
strated that smoking, obesity, and the presence of diabetes were
associated with CHD in younger patients [7,8]. Despite multiple
lifestyle-related risk factors, younger CHD patients have a better
short-term clinical outcome compared with older CHD patients [9].
However, there are few reports investigating the long-term clinical
outcome and the predictors of a poor long-term prognosis in young
CHD patients.

Thus, the purpose of this study was to examine the long-term
clinical outcomes and assess the predictors of a poor long-term
prognosis in young patients (<40 years old) who underwent per-
cutaneous coronary intervention (PCI).

0914-5087/$ - see front matter © 2014 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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Methods
Patients and data collection

Data from consecutive patients who underwent PCI at Juntendo
University Hospital (Tokyo, Japan) between February 1985 and
February 2011 were analyzed. The data collected on each patient
included age, gender, body mass index (BMI), blood pressure
(BP), total cholesterol (TC), high-density lipoprotein-cholesterol
(HDL-C), low-density lipoprotein-cholesterol (LDL-C), triglyceri-
des, fasting blood glucose (FBG), smoking status, family history of
CHD, medication use, revascularization procedure-related factors,
and comorbidities. Young adults were defined as those <40 years of
age, because that is the most commonly used cut-off point for young
age in previous studies [10,11]. Hypertension was defined as a sys-
tolic BP > 140 mmHg, a diastolic BP > 90 mmHg or treatment with
antihypertensive medications. Diabetes mellitus (DM) was defined
as a fasting plasma glycemic level >126 mg/dl or treatment with
oral hypoglycemic drugs or insulin injections. A current smoker was
defined as one who smoked at the time of PCI or had quit smok-
ing within 1 year before PCI. In all patients, indications for PCI were
based on objective evidence of myocardial ischemia (positive stress
test), ischemic symptoms or signs associated with significant angi-
ographic stenosis. The hospital’s internal review board approved
this study. At our institution, informed consent to record patient
data is obtained from all patients who undergo PCI.

The follow-up period ended on October 31, 2011. Survival data
and data on incident acute coronary syndrome (ACS) were col-
lected by serial contact with the patients or their families, and were
assessed from the medical records of patients who had died or of
those who were followed up at our hospital. Information about the
circumstances and date of death were obtained from the families of
patients who died at home, and details of the events or the cause of
death was supplied by other hospitals or clinics where the patients
had been admitted. All data were collected by blinded investigators.
ACS was identified if patients had ST-elevation myocardial infarc-
tion (STEMI), non-ST-elevation myocardial infarction (NSTEMI), or
unstable angina (UAP). STEMI was determined based on symptoms
of ischemia with ST-segment elevation on the electrocardiogram
and increased serum levels of cardiac enzymes [troponin, crea-
tine kinase (CK-MB, CK =2-fold increase] [12,13]. NSTEMI was
determined based on symptoms of ischemia without ST-segment
elevation on the electrocardiogram and increased serum levels of
cardiac enzymes [ 14]. UAP was determined based on the symptoms
ofischemia at rest or with a crescendo pattern of symptoms or new-
onset symptoms associated with transient ischemic ST-segment
shifts and normal serum levels of cardiac enzymes [14].

Statistical analysis

The results are expressed as the mean+SD for continuous
variables and as a percentage for categorical variables. To deter-
mine factors associated with the composite endpoint of all-cause
death and ACS, univariate Cox regression analysis was performed.
Variables which had a significant or borderline significant asso-
ciation (p<0.10) with the composite endpoint were included in
multivariate Cox regression analysis along with age and gender
as independent variables for both young and old adult groups.
In young adults, BMI was added as a covariate because it was an
important feature of young patients. Survival curves were drawn
using the Kaplan-Meier method and the log-rank test was used to
compare two survival curves. A p-value <0.05 was considered sig-
nificant, unless otherwise indicated. All data were analyzed using
JMP10.0 MDSU statistical software (SAS Institute, Cary, NC, USA).

Results
Characteristics of patients

Among 7649 patients who underwent PCI, 69 patients (1.3%)
who were below 40 years and 4225 patients (55.2%) who were
above 65 years were identified as young adults and old adults,
respectively. The baseline characteristics of these patients are
shown in Tables 1 and 2. Young patients were predominantly men
and the mean age was 36 years. Thirty percent of them were cur-
rent smokers, and the mean BMI was 26.7 + 5.0 kg/m?. All patients
had >1 conventional cardiovascular risk factor, and 75% of them
had single vessel disease.

Univariate and multivariate analysis for the composite endpoint

Outcome data were fully documented during the follow-up
period (median 9.8 years, interquartile range: 3.9-18.8 years).

In young adults, during the follow-up period, 4 (5.8%) patients
died (2 sudden death, 1 STEM], 1 sepsis), and 6 (8.7%) suffered from
ACS (3 STEMI, 1 NSTEM], 2 UAP). In univariate analysis, current

Table 1
Baseline characteristics.
Young adults (age  Old adults (age 265, p-Value
<40,n=69) n=4225)
Age 36.1+4.9 731457 <0.0001
Male, n (%) 66 (95.7) 3210(75.7) <0.0001
Smoking, n (%) <0.0001
Current smoker 21(30.5) 671 (15.8)
Former smoker 31(44.9) 1925 (45.5)
Never smoker 17 (24.6) 1629 (38.7)
HT, n (%) 33 (47.8) 3104 (73.2) 0.003
DM, n (%) 23 (33.3) 1958 (46.2) 0.32
BMI 26.7+5.0 235433 <0.0001
LDL-C (mg/dl) 1279452.7 1104+£319 0.02
HDL-C (mg/dl) 41.8+20.8 426+129 0.81
TG (mg/dl) 174.1+89.7 1203+63.8 <0.0001
eGFR (ml/min/1.73m?) 90.1+21.6 61.44+22.1 <0.0001
EF{%) 59.1+11.2 613+13.7 0.41
ACS, n (%) 0.34
STEMI 12 (17.4) 666 (15.7)
NSTEMI 2(29) 55 (1.3)
UAP 8(11.6) 514 (12.8)
Family history of CHD,n 27 (40.9) 1136 (26.7) 0.03
(%)
Vessel disease, n (%) <0.0001
1VD 51 (75) 1648 (38.7)
2VD 13(18) 1364 (32.1)
3VD S5{7) 1243 (29.2)

HT, hypertension; DM, diabetes mellitus; BMI, body mass index; LDL-C, low-density
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglyce-
rides; eGFR, estimated glomerular filtration rate; EF, ejection fraction; ACS, acute
coronary syndrome; STEMI, ST-elevation myocardial infarction; NSTEMI, non-ST-
elevation myocardial infarction; UAP, unstable angina; CHD, coronary heart disease;
VD, vessel disease.

Table 2
Use of medications (young adults) at discharge.
n=69

Aspirin, n (%) 64(92.9)
Antiplatelet drug, n (%) 47(68.1)
ACE-1/ARB, n (%) 23(34.8)
3-Blocker, n (%) 21(31.8)
Calcium channel blocker, n (%) 31(46.9)
Statin, n (%) 30(45.5)
OHA, n (%) 6(8.7)
Insulin, n (%) 3(4.3)

ACE-], angiotensin-converting enzyme inhibitors; ARB, angiotensin-receptor
blockers; OHA, oral hypoglycemic agent.
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smoking was identified as the only significant predictor of the com-
posite endpoint (all-cause death and ACS) (Table 3). Survival curves
of patients with and without current smoking are shown in Fig. 1.
Multivariate Cox proportional hazards regression analysis revealed
that current smoking was a significant independent predictor of the
composite endpoint (HR 4.46, 95% CI 1.08-19.1, p=0.04) (Table 3).

In older adults, univariate analysis revealed age, EF, use of statin,
HDL-C, TG, and CKD were significant or borderline factors (p <0.10)
for the composite endpoint. Multivariate Cox proportional hazards
regression analysis adjusted for these factors revealed that age and
use of statins and EF were significant independent predictors of the
composite endpoint (HR 1.05,95% C11.03-1.07, p<0.0001; HR 0.65,
95% C1 0.54-0.78, p<0.0001; HR 0.98, 95% C1 0.97-0.99, p <0.0001,
respectively).

Discussion

The important new finding of this study is that current smok-
ing was a determinant of poor prognosis in young CHD patients
(<40 years old) who underwent PCI and young patients repre-
sented 1.3% of all who underwent PCI in our institution over a
26-year period. Previous reports indicated that the development
of CHD in young adults is rare ranging from 1 to 10% [2,15-18].
In agreement with previous reports, the features of background in
young patients of our study were higher prevalence of smokers and

gggl;r?)portional hazards model for the predictors of the composite endpoint.
Univariate Multivariate
HR 95% CI p HR 95% CI p
Age 1.02 092-1.17 0.78 1.01 0.89-1.21 0.95

Gender (F/M) 134 0.07-7.04 0.79 391 0.20-26.1 0.29
BMI 1.06 095-1.16 029 1.04 093-1.15 047
HT 1.87 0.59-637 0.28 -
DM 1.68 0.49-527 0.38 -
Metabolic syndrome 1.51 041-547 0.52 -
LDL-C 0.99 0.98-1.01 0.37 -
HDL-C 0.99 096-1.02 0.97 -
TG 1.01  099-1.02 0.71 -
Current smoker 3.79 1.05-13.1 0.04 446 1.08-19.1 0.04
Family history of CHD 1.24  0.38-4.64 0.72 -
CKD 1.72  0.10-13.3 0.66 -
OMI 2.02 0.40-9.17 0.37 -
EF 099 093-1.06 0.72 -

HR, hazard ratio; CI, confidence interval; BMI, body mass index; HT, hypertension;
DM, diabetes mellitus; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-
density lipoprotein cholesterol; TG, triglycerides; CHD, coronary heart disease; CKD,
chronic kidney disease; OMI, old myocardial infarction; EF, ejection fraction.
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Fig. 1. Kaplan-Meier curve for the composite endpoint of all-cause death or acute
coronary syndrome. Current smokers had a significantly worse outcome compared
with non- or former smokers (log-rank test; p=0.02). SM, smoker.

obesity, and three-quarters of patients had single-vessel disease.
The prevalence of diabetes and hypertension was 33% and 48%,
respectively. All patients had >1 conventional cardiovascular risk
factors. The risk factors associated with atherosclerosis in young
patients are similar to those in older patients, and nearly all young
patients had at least one conventional cardiovascular risk factor
[19]. Furthermore, although older patients had higher rates of dia-
betes and hypertension, younger patients showed higher rates of
smoking and obesity [20].

There are only a few previous reports that evaluated long-term
outcomes of young patients following PCI. Rallidis and colleagues
found that smoking was the most powerful predictor for recur-
rence of cardiac events in young AMI patients (age <35 years) [21].
Cole and colleagues found that DM, active smoking, and left ven-
tricular systolic dysfunction were predictors of increased mortality
in young patients (<40 years) with CHD [11]. In their study, the
number of subjects was large (843 patients <40 years with CHD)
and the subjects were followed for 15 years. However, the baseline
data were collected from 1975 to 1985 and revascularization was
performed in only 60% (27% underwent PCI and 34% underwent
coronary artery bypass surgery). Therefore, these results might
have been different from current results, which were derived from
current medical and revascularization practice of CHD treatment.
More recently, Meliga and colleagues found that active smoking
and a left ventricular ejection fraction <50% were independent
predictors of major adverse cardiac and cerebrovascular events in
young patients (<40 years) who underwent PCI [22]. The subjects
in their study were similar to those in our study in terms of patient
characteristics. Although a greater number of patients (214 patients
<40 years) underwent PCI in their study, the follow-up duration
was much shorter (median 757 days) compared with the present
study. Furthermore, there are no previous studies of PCI in young
patients in a Japanese population. Thus, our study is the first to
evaluate the long-term outcomes of PCl in young Japanese patients.

In general, patients with CHD usually have one or more tradi-
tional risk factors (e.g. hypertension, DM, dyslipidemia, obesity,
smoking, family history of CHD). This is true even in young CHD
patients and these patients often have multiple traditional CHD risk
factors. It was reported that young CHD patients were likely to be
smokers, men, obese and to have a positive family history of CHD
[10]. However, young patients are more likely to have less exten-
sive coronary atherosclerotic lesion (i.e. single-vessel disease) and
less complex CAD than elderly patients [5]. Indeed, in the present
study, 75% of patients had single-vessel disease. Azegami and col-
leagues compared the clinical characteristics of young (<40 years)
and old (=50 years) Japanese CHD patients who were diagnosed
with CHD between 1992 and 2002 [8]. In their study, young CHD
patients were more likely to be men, obese, smokers, and to have
hyperlipidemia. Similarly, patients in our study were obese (BMI
26.7 £5.0) and likely to be smokers.

The presence of multiple coronary risk factors in young CHD
patients may play important roles in the secondary prevention of
CHD. In the present study, current smoking was the only inde-
pendent predictor of long-term outcome. There were three other
studies in which the predictors of morbidity and mortality in young
patients with CHD were assessed [11,21,22]. Although the inde-
pendent predictors of outcomes appear to vary across studies,
including ours, these differences are probably due to differences
in the characteristics of the study populations. However, smoking
was a consistent predictor of major adverse events in all studies.

Smoking may increase the risk of incident adverse events
through the activation of the inflammatory cascade and endothe-
lial dysfunction [23-25]. Zieske and colleagues found smoking was
strongly associated with presence of advanced atherosclerosis [26].
Furthermore, Burke and colleagues demonstrated that smoking is
associated with coronary thrombosis in both young men [27] and



174 H. Konishi et al. / Journal of Cardiology 64 (2014) 171-174

women [28]. The results of these studies and ours show the impact
of smoking on clinical outcomes in young CHD patients, and empha-
size the importance of smoking cessation in young adults [29], even
in those without other CHD risk factors.

Our study is subject to some limitations. First, the number of
subjects was limited and PCI was performed at a single center. Sec-
ond, the present study was observational in nature. Although we
adjusted our Cox proportional hazards model for known confound-
ing variables, other unknown confounders might have affected the
outcome.

Conclusions

In conclusion, current smoking and obesity (high BMI) are the
important clinical characteristics in young Japanese CHD patients
who undergo PCI. Although the long-term prognosis of young
Japanese CHD patients is acceptable, current smoking is a signif-
icant independent predictor of death and the recurrence of ACS in
young Japanese CHD patients who are obese.
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Two-thirds of heart failure (HF) patients are reportedly accompa-
nied by comorbid sleep disordered breathing (SDB) [1]. Pulmonary con-
gestion, low cardiac output and enhanced ventilatory response to
carbon dioxide in HF have been observed to cause Cheyne-Stokes respi-
ration [2,3]. Aside from the above, fluid accumulation and nocturnal ros-
tral fluid shift may also predispose to obstructive sleep apnea in this
particular group [4]. A community-based cohort study has shown that
comorbid obstructive sleep apnea is associated with an increase in the
risk of death in patients with HF [5]. Several existing non-randomized
studies have suggested that treatment with continuous positive airway
pressure improved the prognosis of such patients [5,6].

With the spread of awareness of these mutual relationships between
SDB and HF, sleep study has become one of the most fundamental ex-
aminations in current HF management [7] and a large number of
polysomnography studies are carried out on HF patients every year for
this very reason. Among the data obtained in polysomnography study,
the lag time from the start of re-breathing to the rising point of pulse
oximetric saturation (SpO,) during periodic breathing was reported to
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Maidashi, Higashi-ku, Fukuoka 812-8582, Japan.
E-mail address: shinando@sleep.med.kyushu-u.ac,jp (S. Ando).
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significantly correlate to the parameters of cardiac function [8,9]. Name-
ly, the lag time from the lungs to the fingertips (lung-to-finger circula-
tion time (LFCT), Fig. 1) is expected to lengthen in patients with lower
cardiac output, and this relationship has a strong possibility of being
used as an indicator of cardiac function in the subjects.

However, past studies conducted through the wuse of
polysomnography have been far from satisfactory from the standpoint
of daily clinical use. First, researchers had to manually and repeatedly
measure numerous LFCTs from the long readout of a whole night of re-
corded polysomnography. Second, the precise causal association be-
tween cardiac output and LFCT was undetermined, even though LFCT
is theoretically expected to correlate to the reciprocal value of cardiac
output. Hence, we set out to develop a novel algorithm that could auto-
matically and continuously detect LFCT from polysomnography data in
an attempt to better clarify the relationship between LFCT and cardiac
output.

The outlines of the algorithm detecting LFCT are illustrated in Fig. 1.
The algorithm begins by fully rectifying the respiratory airflow signal,
which then has a low-pass filter applied to it. Thereby, the resultant
shape of the converted rectified airflow wave becomes more similar to
that of the fingertip SpO, waveform. LFCT is then determined by a
cross correlation analysis between the modified air-flow signal and
the SpO, signal. This calculation can be automatically repeated every
2 min through to the end of the data collection period. Once the series
of LFCT readouts are obtained, the algorithm automatically removes un-
reliable values and outliers.

As LFCT is expected to be shorter in smaller subjects in terms of
height if they have similar cardiac output, we adopted the use of the
measured cardiac index (CI), which is standardized by body surface
area, for the values that were to be compared to those of the LFCT.
Once again applying this algorithm, we performed following study to
determine the relationship between LFCT and Cl in 31 consecutive sta-
ble HF patients, who were admitted to our cardiovascular department
due to various underlying cardiac diseases that required a right-sided
standard cardiac catheterization: ischemic heart disease (n = 14), val-
vular heart disease (n = 6), cardiomyopathy (n = 4) and others
(n=17) (Table 1). The study protocol was approved by the institutional
ethics committee, and conducted in strict accordance with the Helsinki
Declaration. Cardiac output was measured principally by the standard
technique (Fick's method) during the right-sided catheterization.
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) Portable polysomnography (SAS-2100 Nihon-Kohden Corp, Japan) was
Raw air-flow performed within 3 days of the catheterization.

After we confirmed that the algorithm had detected appropriate

Full-rectified LFCT values compared with manually measured LFCT (RMSE of auto-
air-flow detection vs. manual detection: 2.3 4 1.9 s) in a representative patient,

we averaged all the overnight LFCTs to yield one mean value for each

Low pass filter \/’\/\\/‘\/ patient, and then compared them to the respective individual's CI. As
B > 2 3 shown in Fig. 2, the overnight mean LFCT values significantly correlated

(%) LFCT I Cross-correlation to the measured CI (R? = 0.44, p < 0.001). We approximated the rela-
) 100 4 analysis tionship to the hyperbolic function (Fig. 2, left), and calculated an esti-
Fingertip 95 mated CI from each obtained LFCT. The RMSE of the estimated CI vs.
SpO, '/r'-lll'L the actual measured CI was limited to 0.33 + 0.23 L/min/m?, which
90 4 T T T we believe would be acceptable for clinical use. The nocturnal trend of
0 50 100 150 200 LFCT and CI was clearly observed, as well as apnea/hypopnea events —
) as shown in Fig. 2, right - by overlaying this analysis on the polysomno-

graphic data.

Fig. 1. Outlines of the algorithm automatically detecting lung-to-finger circulation time ) ) e B
(LECT). Respiratory airflow and SpO in a patient with Cheyne-Stokes respiration are This study Sl:lowed fOI: the first time the feasibility of this newly-
shown. LFCT is defined as the lag time from the start of re-breathing to the rising point developed algorithm, and introduced an easy-to-use approach for auto-
of SpO,. First, the algorithm full-rectified airflow and applying a 1st order low-pass filter mated LFCT detection and Cl estimation, by utilizing airflow and fingertip
onto that W_Ithout phase dglay to attain a similar wayeform to tl'.nat of fingertip Sp_Oz. oxygen saturation data. Most importantly from this study's viewpoint,
After preparing respiratory signal, the algorithm determined LFCT using a cross correlation thi Itechni 1d visaall - i tput at
analysis between respiratory signal and SpO,. LFCT: lung to fingertip circulation time. 15 novg £C -nlq.ue COMIGLVISUA N y represen .no only cardiac ou _pu d
one specific point in the sleep period, but also its nocturnal trend without
the need for any additional apparatus or specialist operator skill.
We are aware of at least a couple of variable factors that could de-

Table 1 range CI estimation. First, the estimation may be affected by sleeping

Patient characteristics. position (i.e. lateral or supine position) due to the position of elevation
Age 66.7 + 10.1 ) of the monitored fingertip relative to thg heart, which would alter
Male 61 (%) hydrostatic pressure. Second, contributing factors that may affect
Ischemic heart disease 45 (%) blood flow or its distribution, such as significant arterial stenosis or
320Dl 19 & 134 (/h) dialysis shunt in the monitored arm, may result in a misleading CI
LV ejection fraction 494 + 153 (%) t.y ti » May &
BNP? 288 + 303 (pg/ml) estimation. ) )
PAW pressure 95452 (mm Hg) This analysis can be routinely performed during or after every
Cardiac index 252 + 051 (L/min/m?) polysomnography, and could become a helpful tool for screening HF
2 Data of 3 patients were not available. ODI: oxygen desaturation index, LV: left ventricle, or evaluating the effects of treatment in the daily management of HF,

BNP: brain natriuretic peptide, PAW pressure: pulmonary artery wedge pressure. though a further, larger-sized study is needed in order to validate the

Overnight trend of LFCT and CI
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Fig. 2. Relationship between lung-to-finger circulation time (LFCT) and cardiac index. Left panel: Automatically detected LFCT was significantly correlated to cardiac index (R2 = 0.4, p < 0.001).
The relationship was approximated to the hyperbolic function. Right panel: A representative overnight chart obtained from polysomnography data and our analysis in patients with severe mi-
tral stenosis is demonstrated. LFCT was automatically derived from polysomnography data by our algorithm. Cardiac index was estimated by the identified hyperbolic function.
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accuracy of this method in a wider range of the population with various
cardiac diseases.

Conflict of interest

SA received unrestricted substantial research funding from Philips
Respironics and Teijin Home Healthy.

Acknowledgments

The authors thank Kaoru Tanaka, Kaori Horikoshi and Katsumi
Hayashi for technical assistance and Hilmi Dajani for suggesting edits
to the manuscript.

References

[1] D.D.Sin, F. Fitzgerald, ].D. Parker, et al., Risk factors for central and obstructive sleep
apnea in 450 men and women with congestive heart failure, Am. J. Respir. Crit.
Care Med. 160 (1999) 1101-1106.

[2] A.Guyton, J. Hall, GUYTON AND HALL Textbook of Medical Physiology, Regulation of
Respiration, 12th ed.Saunders, Philadelphia, 2011, pp. 505-513.

[3] S.Javaheri, A mechanism of central sleep apnea in patients with heart failure, N. Engl.
J. Med. 341 (1999) 949-954.

[4] D. Yumino, S. Redolfi, P. Ruttanaumpawan, et al., Nocturnal rostral fluid shift: a uni-

fying concept for the pathogenesis of obstructive and central sleep apnea in men

with heart failure, Circulation 121 (2010) 1598-1605.

H. Wang, ].D. Parker, G.E. Newton, et al., Influence of obstructive sleep apnea on mor-

tality in patients with heart failure, J. Am. Coll. Cardiol. 49 (2007) 1625-1631.

[6] T. Kasai, K. Narui, T. Dohi, et al., Prognosis of patients with heart failure and obstruc-

tive sleep apnea treated with continuous positive airway pressure, Chest 133 (2008)

690-696.

V.K. Somers, D.P. White, R. Amin, et al., Sleep apnea and cardiovascular disease: an

American Heart Association/American College Of Cardiology Foundation Scientific

Statement from the American Heart Association Council for High Blood Pressure Re-

search Professional Education Committee, Council on Clinical Cardiology, Stroke

Council, and Council On Cardiovascular Nursing. In collaboration with the National

Heart, Lung, and Blood Institute National Center on Sleep Disorders Research (Na-

tional Institutes of Health), Circulation 118 (2008) 1080-1111.

MJ. Hall, A. Xie, R. Rutherford, et al., Cycle length of periodic breathing in patients

with and without heart failure, Am. J. Respir. Crit. Care Med. 154 (1996) 376-381.

[9] Y. Kwon, T. Khan, M. Pritzker, C. Iber, Circulation time measurement from sleep stud-
ies in patients with obstructive sleep apnea, J. Clin. Sleep Med. 10 (2014) 759-765
(765A).

[5

[7

8






