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      Central sleep apnea (CSA) is frequent in patients 
with heart failure (HF), is promoted by elevated 

cardiac fi lling pressures,  1,2   and has been associated 
with disease progression and increased mortality risk.  3,4   
In contrast to the general population, CSA is more 
prevalent than obstructive sleep apnea (OSA) in 
patients with HF.  5   Recent technical advances in noc-
turnal assisted ventilation have enhanced the manage-
ment of CSA.  6-10   Indeed, effective treatment of CSA 
improves sleep architecture, heart failure symptoms, 
cardiac function, and exercise capacity.  11,12   

 Although evaluation for symptoms of sleep-
disordered breathing has been advocated for all 
patients with HF, and formal sleep study has been sug-
gested for patients who remain symptomatic despite 

optimal HF therapy,  13   the diagnosis of CSA requires 
polysomnography (PSG), which is expensive, not widely 
available, and not recommended for all patients with 
HF.  14,15   Moreover, clinical history, symptoms, and phys-
ical signs are of limited usefulness in the identifi ca-
tion of patients for referral for PSG,  16   and no methods 
have been endorsed for routine application in patients 
with HF as screening tools for CSA.  17,18   

 Circulating brain natriuretic peptide (BNP) and atrial 
natriuretic peptide (ANP) are secreted in response to 
increased cardiac volume and pressure. BNP measure-
ment has been advocated for the diagnosis of HF,  19-21   
is related to disease severity and prognosis,  22   and may 
be useful for guiding therapy.  23   Whereas ANP measure-
ment initially appeared promising for HF detection, 
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 Sleep Evaluation 

 Diagnostic PSG was performed in the Center for Translational 
Science Activity Sleep Core Facility of the Clinical Research Unit 
and digitally recorded on Network Concepts Incorporated Dimen-
sions (Middleton, Wisconsin) or PSG Online2 E-Series (Compu-
medics; Abbotsford, Victoria, Australia) and scored using Uniquant 
or Profusion2 software. Recorded parameters included three-
channel EEGs, two-channel electrooculograms, oronasal airfl ow 
by pressure transducer and thermocouple sensors, submental 
and limb electromyograms, one-channel ECG, transcutaneous 
pulse oximetry (Ohmeda 3740; Madison, Wisconsin, and Compu-
medics integrated pulse oximetry), thoracic and abdominal respira-
tory effort by inductance plethysmography, snoring by tracheal 
microphone or piezo crystal sensor, and body position by 
closed-circuit video monitoring. Disordered breathing events were 
classifi ed as apneas or hypopneas and as either obstructive or cen-
tral. Apneas were defi ned as a cessation of airfl ow or  .  90% reduc-
tion in airfl ow from baseline for  .  10 s with an oxygen desaturation 
of  �  4%. Hypopneas were defi ned as a reduction in airfl ow of  �  50% 
with an oxygen desaturation of  �  4%. Events were classifi ed as 
central when the airfl ow criteria were met in the absence of respi-
ratory effort as recorded by thoracic and abdominal inductance 
plethysmography and as obstructive when airfl ow criteria were 
met despite continued or increased respiratory effort. As per pub-
lished guidelines, patients were considered to have CSA if the 
total apnea-hypopnea index (AHI) (events/h) was  �  15 with  �  50% 
disordered breathing events of central origin, regardless of the 
presence or absence of respiratory periodism.  28   

 Statistical Analysis 

 Group means were tested for differences by two-sided  t  tests 
or Wilcoxon rank sum tests depending on distribution. Differ-
ences in proportions were tested by Fisher exact test and contin-
uous variables were compared by linear least squares regression. 
The primary analysis was logistic regression comparing clinical 
variables to ANP and BNP concentrations for association with 
CSA, with results expressed as the OR with 95% CI. Variables 
that predicted CSA were evaluated by ROC analysis with results 
presented as area under the curve (AUC) and 95% CI derived by 
the Mann-Whitney  U  statistic. Sensitivity, specifi city, positive and 
negative predictive values, and positive and negative likelihood 
ratios were calculated for several cutoff values of ANP and BNP. 
Accuracy was defi ned as the ratio of the sum of true positives plus 
true negatives to the total number of subjects. Analyses were per-
formed with JMP, version 7 (SAS Institute; Cary, North Carolina). 
For all comparisons, a two-tailed  P  value  ,  .05 was considered 
signifi cant. 

 Results 

 Of the 44 consecutive subjects with HF studied 
by PSG who did not have OSA, 27 (61%) met criteria 
for CSA. Men were signifi cantly more likely to have 
CSA than women (24 of 33 vs three of 11; OR, 7.1; 
95% CI, 1.5-32.9;  P   ,  .01). Given that only three 
women were found to have CSA, and because CSA 
may be a disorder that affects primarily men,  16,29   fur-
ther analyses were restricted to the 33 men. Patients 
with HF with CSA had lower LVEF, whereas age, 
BMI, NYHA class, and eGFR were similar ( Table 1  ). 
Subjects with CSA had signifi cantly higher mean AHI 
and greater time with arterial oxygen saturation  ,  90% 
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it is not a widely used biomarker.  24   Whereas BNP is pri-
marily secreted from the ventricles, ANP is secreted 
predominantly from the atria, and therefore poten-
tially closely related to pulmonary congestion and lung 
J-receptor stretch, which elicit the characteristic hyper-
ventilation and periodic breathing of CSA.  1,25   In addi-
tion, hypoxia downregulates the expression of the 
ANP clearance receptor leading to higher ANP concen-
tration in animal models.  26   Therefore, we hypothesized 
that natriuretic peptide elevations are predictive of the 
presence of CSA, and that ANP is superior to BNP 
for detection of CSA. Accordingly, the specifi c aims of 
this study were to evaluate the receiver-operator char-
acteristics (ROCs) of ANP and BNP concentrations 
for detection of CSA. 

 Materials and Methods 

 This study was approved by the Mayo Clinic Institutional 
Review Board (IRB# 923-02). Consecutive ambulatory outpa-
tients were prospectively enrolled from the Mayo Heart Failure 
Clinic. Consideration for enrollment required that patients have 
stable HF with no change of New York Heart Association (NYHA) 
class or medical therapy in the preceding 3 months and left ven-
tricular ejection fraction (LVEF)  �  35% as measured by echocar-
diography. BMI was computed as weight in kilograms divided by 
body surface area in square meters. Estimated glomerular fi ltra-
tion rate (eGFR) was calculated by the Cockroft-Gault formula.  27   
All subjects underwent laboratory-based, overnight, attended 
PSG for the detection of OSA or CSA. Subjects found to have 
OSA or mixed apneas in which  �  50% of disordered breathing 
events were obstructive were excluded from analysis (n  5  11). 

 Measurement of Natriuretic Peptides 

 ANP and BNP concentrations were measured from serum 
drawn on the same day as PSG. Measurement of ANP was per-
formed by radioimmunoassay for the N-terminal ANP (Phoenix 
Pharmaceuticals; Burlingame, California). Measurement of BNP 
was evaluated by either the Shionogi immunoradiometric assay 
(Shionogi & Co, Ltd; Osaka, Japan) or DxI 800 immunoassay 
(Beckman Instruments; Chaska, Minnesota). The coeffi cient of 
variation of these latter two BNP assays was  .  0.99. 
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(95% CI, 0.52-0.94), sensitivity of 83%, and specifi city 
of 56% ( Table 4  ). 

 Discussion 

 The novel observations of this study are that ANP 
and BNP concentrations are increased among patients 
with HF with CSA compared with those without CSA 
and that ANP and BNP concentrations perform sim-
ilarly for the detection of CSA. In patients with CSA, 
the magnitude of the AHI appears related to the 
severity of left atrial hypertension.  2   Because circu-
lating ANP and BNP concentrations are related to the 
hemodynamic severity of HF, it follows that these 
biomarkers may be related to CSA, which our data 
support. However, ROC analysis did not support the 
hypothesis that ANP is superior to BNP concentration 
for the detection of CSA. Whether this refl ects the 
disassociation of ANP secretion from the atria and 
BNP secretion from the ventricles as can be seen 
in HF,  30   secretion of both ANP  31-37   and BNP  36-41   in 
response to hypoxia, biologic variability of ANP and 
BNP concentration, or the pathophysiology underlying 
ventilatory control instability in CSA  42   is unknown. 

 In contrast to a prior report showing a modest 
correlation between BNP and the AHI ( r   5  0.50, 
 P   ,  .01),  43   we did not see a signifi cant correlation of 
either ANP or BNP to the AHI. The reasons for these 
results are unclear and may be related to different 
methodologies used to obtain PSG data (attended 
vs unattended PSG), differences in scoring classifi -
cation, the apparent weak association between pul-
monary capillary wedge pressure and CSA,  1,2   variation 
in the correlation between elevated cardiac fi lling 
pressures and natriuretic peptide concentrations, a 
nonlinear relationship between markers of elevated 
cardiac fi lling pressures and AHI, or lack of statis-
tical power. 

 Two prior reports described measurement of cir-
culating BNP concentration for detection of CSA in 
patients with HF. The fi rst study reported that BNP 
was higher among patients with CSA and that a BNP 
cutoff of 116 pg/mL yielded sensitivity of 62% with 

(T90%), although mean oxygen saturation was similar 
( Table 2  ). No statistical differences in the proportion 
of patients with ischemic etiology, atrial fi brillation, or 
renal dysfunction as measured by eGFR were observed 
( Table 1 ). 

 There was signifi cant covariation between ANP 
and BNP ( r   5  0.71,  P   ,  .01). ANP and BNP concen-
trations were higher among subjects with NYHA 
class III or IV HF compared with NYHA class I-II 
HF (4,784 pg/mL vs 2,703 pg/mL,  P   ,  .01 and 
945 pg/mL vs 586 pg/mL,  P   ,  .01, respectively) and 
inversely correlated to LVEF ( r   5   2 0.56,  P   ,  .01 
and r  5   2 0.64,  P  ,   0.01, respectively). Concentra-
tions of ANP and BNP were higher among subjects 
with CSA compared with subjects without CSA 
(4,336 pg/mL vs 2,510 pg/mL,  P   5  .03 and 746 pg/mL 
vs 379 pg/mL,  P   5  .05, respectively) ( Fig 1  ). However, 
the AHI was not related to either ANP ( r   5  0.11, 
 P   5  .55) or BNP ( r   5  0.04,  P   5  .84) by linear regression. 
Similarly, T90% was not related to either ANP ( r   5  0.19, 
 P   5  .29) or BNP concentration ( r   5  0.26,  P   5  .14). 

 Among men, age, LVEF, and NYHA class were 
not related to CSA. However, both ANP and BNP 
concentration were signifi cantly related to the pres-
ence of CSA (OR, 3.74 per 3,000 pg/mL;  P   5  .03 
and OR, 1.48 per 200 pg/mL;  P   5  .04, respectively, 
 Table 3  ). The optimal cutoff for ANP concentration 
was 3,024 pg/mL, with an OR of 10.50 (95% CI, 
1.70-65.00), an AUC of 0.75 (95% CI, 0.52-0.97), 
sensitivity of 79%, and specifi city of 78%. The optimal 
cutoff for BNP concentration was 210 pg/mL, with an 
OR of 6.25 (95% CI, 1.14-34.12), an AUC of 0.73 

 Table 1— Subject Characteristics  

Characteristic
HF Without 

CSA
HF With 

CSA  P  Value

No. 9 24 …
Age, y 61.1  �  12.4 66.7  �  9.9 .20
BMI, kg/m 2 28.2  �  4.0 27.7  �  4.6 .89
Ischemic etiology 5 15 .72
Atrial fi brillation 0 5 .29
NYHA I-II, No. 5 10 .70
NYHA III-IV, No. 4 14
LVEF, % 26.7  �  5.5 21.8  �  8.0 .04
eGFR, mL/min/1.73 m 2 76.1  �  25.5 66.8  �  20.4 .35
 b -Blocker, % 78 88 .52
ACE/ARB, % 100 96 .59
Aldosterone antagonist, % 33 25 .66
Diuretics, % 78 79 .95
Digitalis, % 77 75 .89
Nitrates, % 22 16 .74

Values are from the 33 male subjects only and presented as mean  �  SD 
unless otherwise noted. ACE/ARB  5  angiotensin converting enzyme 
inhibitor or angiotensin II receptor blocker; CSA  5  central sleep apnea; 
eGFR  5  estimated glomerular fi ltration rate; HF  5  heart failure; 
LVEF  5  left ventricular ejection fraction; NYHA  5  New York Heart 
Association.

 Table 2— Polysomnographic Findings  

Characteristic HF Without CSA HF With CSA  P  Value

AHI, events/h 4.5  �  4.4 44.6  �  18.8  ,  .001
Sleep Sa o  2 , % 93.0  �  5.1 93.0  �  3.0 .46
Awake Sa o  2 , % 95.7  �  2.0 94.8  �  3.2 .62
T90% 1.3  �  2.2 18.2  �  20.9 .006

Values are presented as mean  �  SD. AHI  5  apnea-hypopnea index; 
Sa o  2   5  arterial oxygen saturation by transcutaneous oxygen sensor while 
awake or during the entire sleep period; T90%  5  time with arterial 
oxygen saturation  ,  90%. See Table 1 legend for expansion of other 
abbreviations.
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tended polygraphy for diagnosis and also used a non-
standard defi nition of CSA. In contrast, our study 
used a subject cohort receiving contemporary med-
ical therapy studied by full, in-laboratory, attended 
PSG with CSA defi ned by consensus guidelines. 

 In the absence of large screening trials, the opti-
mal methods for identifi cation of patients appro-
priate for referral for PSG remains poorly defi ned. 
Unlike OSA, in which certain features may suggest 
the disease, no signs or symptoms reliably suggest 
the presence of CSA.  16,18   Published guidelines endorse 
selected use of natriuretic peptides for the evalua-
tion of patients with suspected or established HF.  15,45   
Based on our observations, natriuretic peptides do not 
appear to have optimal characteristics as a screening 
tool for the presence (detection) of CSA. However, 
low concentration of either ANP or BNP appears to 
identify a patient population at low risk for CSA. The 
interpretation of natriuretic peptide concentrations 
with respect to the presence of CSA will depend on 
the prevalence of CSA in the population or the clini-
cian’s estimate of the pretest probability for CSA in 
a specifi c patient. Based on recently published data 
from men with HF on optimal contemporary phar-
macotherapy showing a prevalence of CSA of 24%,  29   
an ANP concentration  .  3,024 pg/mL or a BNP 
concentration  .  210 pg/mL would imply a posttest 
likelihood of CSA of 53% and 39%, respectively. 
Whether this would justify the widespread applica-
tion of PSG as has been suggested when the likeli-
hood is  .  50%  18   is not yet established. Conversely, 
an ANP concentration  ,  3,024 pg/mL or a BNP con-
centration  ,  210 pg/mL would suggest a posttest 
probability of CSA of just 8% and 6%. Accordingly, 
our data support the concept that the main usefulness 
of natriuretic peptide testing may be the exclusion of 
CSA as has been previously suggested.  43,44   Larger 
studies are needed to confirm these findings in a 
broader population of patients with HF, including 
larger numbers of women. 

 Limitations 

 Our sample size was modest and included only 
patients with systolic HF with LVEF  �  35%; the 
sample size limits the precision of our point estimates. 
Whether natriuretic peptides or other factors are 
predictive of CSA among patients with HF with 
preserved LVEF has not been reported, although 
BNP concentrations appear higher in patients with 
HF with preserved LVEF who have CSA and correlates 
with the magnitude of cardiac pressure elevation.  46   
We observed a high frequency of CSA in our study 
cohort, perhaps because the majority of the subjects 
had advanced HF. Hence, these fi ndings should not 
be generalized to patients with less severe HF. 

specifi city of 92% for detection of CSA.  43   However, 
in this study the mean age was 55 years, 77% of patients 
had NYHA class I-II HF, the frequency of CSA was 
low, a nonstandard defi nition of CSA was used, and 
only 35% of patients were treated with  b -blockers, 
raising concerns regarding the generalizability of the 
fi ndings. A more recent report  44   described similar 
observations, although this latter study relied on unat-

  Figure  1. A, Men with heart failure (HF) and CSA had signifi cantly 
higher mean ANP concentrations (4,336 pg/mL vs 2,510 pg/mL, 
 P   5  .03) compared with patients with HF without CSA, although 
considerable overlap between patient groups is present. B, Men 
with HF and CSA had signifi cantly higher mean BNP concen-
trations (746 pg/mL vs 379 pg/mL,  P   5  .05) compared with 
patients with HF without CSA, although considerable overlap 
between patient groups is present. ANP  5  atrial natriuretic pep-
tide; BNP  5  brain natriuretic peptide; CSA  5  central sleep apnea.   

 Table 3— Predictors of CSA  

Parameter OR 95% CI  P  Value

Age, per y 0.95 0.88-1.02 .18
LVEF, per % 1.09 0.98-1.23 .10
NYHA class, I-II vs III-IV 0.57 0.11-2.69 .48
ANP, per 3,000 pg/mL 3.74 1.12-18.76 .03
BNP, per 200 pg/mL 1.48 1.03-2.46 .04

ANP  5  atrial natriuretic peptide; BNP  5  brain natriuretic peptide. See 
Table 1 legend for expansion of other abbreviations.
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concentrations of natriuretic peptides who are at low 
risk for CSA. 
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