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Abstract

Background—Hospitalized heart failure patients have a high readmission rate. We sought to
determine the independent risk due to central sleep apnea (CSA) of readmission in patients with
systolic heart failure (SHF)

Methods and Results—Prospective observational cohort study of hospitalized patients with
SHF. Patients underwent sleep studies during the hospitalization and were followed for 6 months
to determine their rate of cardiac readmissions. 784 consecutive patients were included. 165
patients had CSA and 139 had no sleep disordered breathing (SDB). The remainder had
obstructive sleep apnea (OSA). The rate ratio for 6 months cardiac readmissions was 1.53 (95% CI
(1.1, 2.2), p=.03) in CSA patients compared to no SDB. This rate ratio is adjusted for systolic
function, type of cardiomyopathy, age, weight, sex, diabetes, coronary disease, length of stay,
admission sodium, creatinine, hemoglobin, blood pressure and discharge medications. Severe
OSA was also an independent predictor of readmissions with an adjusted rate ratio of 1.49 (p=.
04).

Conclusion—In this first evaluation of the impact of SDB on cardiac readmissions in heart
failure, CSA was an independent risk factor for 6 month cardiac readmissions. The effect size of
CSA exceeded that of all known predictors of heart failure readmissions.
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INTRODUCTION

An increase in the incidence of heart failure in recent decades is attributed to improved
survival of cardiovascular disease, increased prevalence of diabetes(1), and aging of the
population(2). The clinical course of heart failure syndromes is characterized by recurrent
hospitalizations(3) accounting for a significant portion of the human and most of the
economic burden of heart failure(3). In addition, admissions for heart failure are the most
common hospitalizations in Medicare patients(4). Attention has focused in recent years on
evaluating predictors of heart failure readmissions as an indicator of quality of care and of
patient morbidity(5, 6). Several predictors of readmission have been identified; many of
which are non-modifiable demographic, physiological, or functional factors(7, 8). Most of
the interventions that are likely to improve outcomes such as b-blockers, angiotensin
converting enzyme inhibitors, close follow up, and multi-disciplinary teams are already part
of the standard of care(9, 10). Identification of independent risk factors that are modifiable
may provide clinicians with an effective intervention to decrease readmissions(11).

Sleep Disordered breathing (SDB) is highly prevalent in patients with heart failure(12, 13).
In particular, central sleep apnea (CSA) is common (20-40%)(14) in patients with advanced
systolic heart failure and has been associated with negative prognosis in these patients(15).
New therapeutic modalities were introduced for CSA that are starting to demonstrate some
benefit(16). The negative impact of CSA may be most pronounced during hospitalizations
and in the period following discharge in heart failure patients.

From this background, we sought to evaluate the effect of CSA on cardiac readmission risk
in hospitalized patients with heart failure. We reasoned that if CSA was independently
associated with an increase in heart failure related readmissions, then in-hospital diagnosis
of CSA could identify higher risk patients, and treatment of CSA might decrease cardiac
readmissions.

METHODS

Participants

All patients who were hospitalized at the Ohio State University Medical Center (OSUMC)
Heart Hospital with a diagnosis of decompensated heart failure between January 2007 and
March 2010 were targeted for this study. Only patients with left ventricular ejection fraction
(LVEF) less than or equal to 45% were included in this study. The sleep study orders are
part of the admission order set for heart failure at the OSUMC Heart Hospital. Subsequently,
they are activated in all patients who have heart failure as an admission diagnosis(12) on the
first or second night of hospitalization. Sleep studies may not have been done if the patient
declined or a shortage of devices precluded completion of the study during the
hospitalization.

Sleep studies and group definitions

The sleep studies were cardiorespiratory devices (Stardust Il, Respironics, Inc., Murrysville,
PA) attended by trained night shift nurses who note the patient's sleep time and any
interruptions to sleep. We considered the recordings interpretable if they included at least
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two hours of uninterrupted observed sleep. Segments of the study that included
simultaneously more than one missing signal were subtracted from the recording time. An
intact effort signal was required for any segment to be interpretable. SDB was defined as an
Apnea Hypopnea Index (AHI) 215 events/hour. Respiratory event scoring and classification
of OSA and CSA was according to standard clinical guidelines(17). An AHI cutoff of 15
events/hour was selected for the in-hospital study to mitigate against an expected increase in
respiratory control instability and oxygen desaturation during the heart failure episode. Heart
failure patients with AHI < 15 events/hour served as our comparison group for the CSA

group.

This inpatient testing method has been previously validated against polysomnography (PSG)
(18) and is accepted for the diagnosis of obstructive sleep apnea (OSA)(19). We have
validated the sensitivity for OSA of this method in hospitalized heart failure patients as
well(12). We also evaluated the predictive value of this inpatient approach for CSA. From
our cohort of patients who underwent inpatient sleep testing and lived within 100 miles from
the hospital draw area (determined by phone area code), we invited patients who were
classified as CSA on the inpatient testing in the first two years of testing (2007-2009) to
return for outpatient polysomnography within 6-12 months of discharge. Of the 78 invited,
43 patients returned for their validation PSG. Only 2/43 had AHI<5 on the PSG. Both of
these patients’ normalized AHI were explained by near complete normalization of LVEF at
the time of the PSG. The remainder of the patients continued to be classified as CSA on the
PSG.

Data collection and outcome measurements

Once our study patients were identified from our screening procedure, their cardiac
readmissions over a 6-month period after discharge were tracked. The dates of cardiac
readmissions were generated electronically for every patient using ICD codes with prefix
410-414 or 425-428. Two research coordinators, who were not directly aware of the patient's
SDB status, confirmed the cardiac nature of every admission using the following criteria. All
admissions had to be to a primary cardiology service in the OSU Heart Hospital. Elective
admissions and admissions for procedures were excluded. Mortality data were obtained
from the electronic medical records and from the state of Ohio's Vital Statistics website. If a
cardiac admission to an outside facility was noted in our medical records, we recorded it if it
complied with the criteria mentioned above. It was possible that some patients were
admitted to other institutions within the 6 months follow up period without any notation in
our records. However, most patients have established care in our Heart Hospital facilities
and so they continued seeking care here after the initial hospitalization episode. Also, the 6
month follow up period was recent enough after the initial hospitalization that patients were
being transferred back from outside facilities to our institution for continuity of care. To
address the possibility of missing readmissions, we contacted a subgroup of 194 of the study
cohort who were hospitalized and underwent sleep studies between March 2010 and
September 2010 and found that less than 4% of their 6 month cardiac readmissions were not
recorded in our system.

The study protocol was approved by the OSU Institutional Review Board [2007H0043] and
is listed under clinical trials number [NCT00701038]. This study complies with the
Declaration of Helsinki.

Statistical design and analysis

Our primary purpose was to compare post-discharge cardiac readmission numbers (rates) of
screen identified CSA with patients who screened negative for SDB (no SDB). In
multivariable modeling of the rates, we adjusted for a set of covariates that were found
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previously to distinguish severity or to predict negative outcomes in heart failure patients (7,
20, 21). We also added covariates that were significantly different at baseline between CSA
and no SDB patients (Table 1). The covariates used in the model were LVEF, age, body
mass index, sex, creatinine, diabetes, type of cardiomyopathy, coronary artery disease,
discharge systolic blood pressure (<110 vs. = 110), discharge angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers, discharge beta blocker, initial length of
stay, admission sodium, and admission hemoglobin.

The rationale in adjusting for these was to estimate CSA's independent contribution to the
prediction of cardiac readmissions. The number of cardiac readmissions in a six-month
period for each patient was the dependent variable. The numbers of cardiac readmissions
were modeled using the Negative Binomial distribution, and so groups were compared on
their rates of readmission (22, 23) (Proc Genmod, SAS 9.2, SAS Inc, Cary NC, 2009). The
Negative Binomial distribution for the readmission counts can be justified based on the
assumption that given a patient's particular rate of readmission, a Poisson distribution could
adequately represent that person's number of readmissions, and if the distribution of rates
across patients followed a Gamma distribution, the observed number of readmissions across
all patients should follow a Negative Binomial(22, 23). For those who died before 6 months
or were lost to follow up before 6 months post discharge, rates were based on their specific
follow-up time. We also compared cardiac readmission rates of OSA patients to no SDB
patients to identify commonalities and differences from the CSA

Since BNP is used as an indicator of decompensation, it was important to address its
possible role as a covariate. There was substantial missing data for BNP (admission BNP
was not available for 58 CSA patients and 80 patients without SDB). The missing admission
BNP was attributed to practice variation and was not correlated to underlying severity of
heart failure. There was no difference in LVEF, age, type of cardiomyopathy or length of
stay among patients with recorded BNP and those without. Therefore, our first multivariable
model excluded this covariate. A second model included BNP by using a multiple
imputation technique to adjust for missing data bias(24) (Proc MI/MIANALYZE, SAS 9.2,
SAS Inc, Cary NC,2009). We applied the same approach to the 91 patients without 6 months
follow up. The missing follow up was equally distributed among the three groups (negative,
CSA, and OSA). There were no significant differences in baseline characteristics between
those with complete follow up and those without.

Participants’ Characteristics

Successful sleep studies were performed on 1244 consecutive patients with systolic heart
failure between January 2007 and March 2010. Of those, 889 patients had an LVEF<45%.
Fourteen patients died before discharge and were excluded from analysis (11 with OSA, 2
without SDB, and 1 with CSA). Another 91 patients had no recorded follow up or mortality
data and could not be reached by phone, and in a sensitivity analysis we imputed the
readmissions for them as addressed above. These patients were 18 CSA patients (11%), 21
patients with no sleep disordered breathing (13%); and 52 OSA patients (10%). Figure 1
describes the disposition of all patients in the study. The remaining 784 patients were
included in the following primary analysis. Table 1 provides a comparison of the
characteristics of the three groups. Note that we adjust for differences among the groups in
our multivariable models. The prevalence and type of SDB in this population was similar to
our previous findings(12) and other reports in similar populations(13).
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Effect of CSA on cardiac readmissions

CSA was a predictor of 6 month cardiac readmission (univariable rate ratio: 1.63, p=0.01),
and proved to be an independent predictor after adjustment for measured covariates as
detailed in Table 2 (adjusted rate ratio 1.53, p=.03). In other words, adjusting for all these
covariates resulted in a small decrease in the rate ratio, despite the possibility that we
overcorrected for covariates that might be intervening variables. We also addressed the rate
ratio for more immediate cardiac readmissions (within 1 month), and found that it was
similar to the 6-month (univariable rate ratio 2.0 (95%CI 1.1, 3.5), and after covariate
adjustment was 1.5 (95%CI 0.9, 2.8). This size of the CSA rate ratio was comparable to an
LVEF rate ratio. (When we dichotomized LVEF at its median value (LVEF=25%), the
lower LVVEF group rate ratio was 1.4). Using the model with multiple imputations for those
without BNP on admission, the rate ratio for CSA was 1.49. With multiple imputations for
those with missing follow up data (91 patients) the rate ratio for CSA was 1.43. When we
used multiple imputations for both BNP and missing follow up the rate ratio remained at
1.43.

To determine the sensitivity of our results to the use of the 50% cutoff for central apneas in
the classification of CSA, we lowered the ratio to 45% (central apneas =45% of total
apneas). With the lower cutoff, we included 20 more patients for a total of 185 patients. The
adjusted rate ratio for this group was still at RR = 1.48.

We did not hypothesize an effect of CSA on mortality during this short 6- month follow up.
In our exploratory analysis, we found no significant difference in 6-month mortality between
CSA and no SDB groups. The mortality odds ratio (comparing CSA to no SDB) was 1.1
(95%CI 0.6, 2.0), (p=0.7). Six-month mortality was 16% in CSA, and 15% in those with no
SDB.

Among the covariates used in the multivariable modeling, the predictors, other than CSA,
that achieved p<0.05 significance for 6 month cardiac readmissions after adjustment for all
other covariates in the model (Figure 3), were lower LVEF (p=.01), younger age (p=.003),
longer initial length of stay (p=.02), and lower admission hemoglobin (p<.0001). Figure 2
shows the distribution of cardiac readmission counts for the CSA and no SDB groups. Note
that the Negative Binomial distribution fits the counts almost perfectly. For the CSA patients
each observed count was within 1% of the counts fitted by the Negative Binomial, and
similarly for the no SDB group, they were within 2.5%.

Exploration of the effect of OSA on cardiac readmissions

In the exploratory analysis for OSA, the 6 month cardiac readmission rate (compared to no
SDB) was higher, but not significantly (cardiac readmissions rate ratio: 1.32 p=.10).
However, there was a stronger effect on cardiac readmission in patients with more severe
OSA. For those with AHI=30 events/ hour the rate ratio was 1.49 (95% ClI, 1.0, 2.2), p=.04,
but for those with AHI<30 the rate ratio was 1.22 (95% Cl, 0.9, 1.8), p=.28. Half of the OSA
patients had an AHI< 30. In contrast, only 17% of CSA patients had AHI< 30.

Because the effect of OSA on readmissions depends on its severity, we sought to further
explore the effect of OSA in patients with more severe systolic dysfunction. We found that
in OSA patients with AHI=30 and EF < 25 % the cardiac readmission rate ratio was 1.8
(95%CI 1.0, 3.2), while for those with AHI=30 but EF>25, the rate ratio was 1.1 (95% ClI
0.7, 1.7).
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DISCUSSION

This is the first evaluation of the impact of CSA on post discharge cardiac readmission risk
in patients with heart failure. In this prospective study of previously unscreened hospitalized
systolic heart failure patients, CSA identified during the hospitalization was an important
independent predictor of 6-month cardiac readmission with a rate 43-50% higher than the no
SDB comparison group. We also found that when AHI was >30 events/hour, OSA was an
independent predictor of 6-month cardiac readmissions. Adjustment to all known predictors
of cardiac readmissions made only a minor (less than 10%) decrease in these effect sizes.

The occurrence of CSA during hospitalizations with heart failure episodes may be promoted
by the increased cardiac filling pressure(25), fluid shift(26) and impaired cerebral
vasomotion(27). These abnormalities may be ameliorated after resolution of the
decompensation episode, decreasing the severity or the persistence of CSA itself. However,
CSA remains a prevalent respiratory disorder in stable and optimally treated outpatients with
heart failure(14, 28). It is likely that a significant degree of CSA would persist in our
patients into the stable outpatient setting and can be treated with newer pressure delivery
devices that target the respiratory control instability (16, 29). Our validation procedure
confirmed that CSA was indeed still present in all the patients whose cardiac dysfunction
persisted through their outpatient polysomnography. The prevalence and distribution of SDB
in hospitalized heart failure have been reported previously in studies that were designed
specifically for that (13, 30). It must be noted, however, that discrepancies in prevalence and
distribution of SDB in this population have already been reported. Recent reports suggest
that increased filling pressures as is the case during decompensation may actually increase
upper airway collapsibility and give rise to OSA (26). Simultaneously, the interstitial edema
(25) can give rise to central apnea in these patients. The increased weight of the population
may simply account for a significant increase in reported OSA cases in patients with heart
failure. Finally, we caution that scoring criteria for OSA and CSA vary among centers
particularly regarding use of hypopneas in the classification(17).

CSA is likely to exert has multiple negative neurohumoral and functional effects in heart
failure patients. CSA is associated with episodic hypoxia which increases the sympathetic
tone(31, 32) and may worsen the vascular endothelial function and increase the cardiac
afterload(33). Patients with systolic heart failure and CSA have increased sympathetic
activity compared to those with heart failure and no CSA (34, 35). Increased sympathetic
tone in CSA patients results in increased ventricular irritability and arrhythmia (36), which
also responds to treatment of CSA (37). Another important effect of CSA on heart failure
patients appears to be decreased functional capacity. Patients with heart failure and CSA
have worse exercise capacity than those without CSA(38), which improves with treatment of
CSA(39, 40).

There are two implications for our findings; the first is that CSA is an independent predictor
of cardiac readmission that can be used to identify patients at risk for negative outcomes
following the heart failure episode. The second implication is that CSA, a potentially
treatable disorder, may be targeted to positively affect the post-discharge outcome in heart
failure episodes. These two implications are applicable to OSA as well. OSA is more likely
to be an independent disorder and has an effective treatment. We have previously found that
in-hospital treatment of OSA patients can improve discharge LVEF in a similar group of
patients with systolic heart failure(41). It must be noted that to date there are no adequately
powered randomized controlled trials demonstrating positive effect for the treatment of CSA
in heart failure patients. CPAP is not beneficial in these patients(35), and the recently
introduced adaptive servo ventilators are just starting to show promise in small studies(40,
42). The recent findings of vast under-diagnosis of SDB in heart failure patients(43), along
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with our findings may support a systematic approach to the diagnosis of SDB during
hospitalizations with decompensated heart failure. Javaheri et al demonstrated an association
between CSA and increased mortality in patients with systolic heart failure(15). The 6
month mortality rate in the overall group approached that in a recent report on a similar
population of hospitalized patients(44). We did not expect an effect for CSA on mortality to
be apparent in the 6 month follow up period in these patients with severe chronic disease
and other significant comorbidities.

Only 4% of the CSA patients were put on treatment for a few weeks at the end of the 6
months follow up period, and we included them in the analysis. We reasoned that we would
only introduce a slight conservative bias toward the null hypothesis by including them. The
same applied to the OSA patients, in whom a larger percentage (13.6%) were treated for
OSA and less were verifiably adherent to their device therapy. We did not use the
polysomnography due to cost and inconvenience in the hospitalized setting. We had the
intention to use a practical and broadly generalizable method for the diagnosis in this high
risk population. The finding of an important clinical outcome such as increased readmissions
in patients identified as having CSA on this inpatient test provides additional clinical
validation for this diagnostic method.

It is critical to view CSA in this study as a manifestation of respiratory control instability
during heart failure hospitalization that predicts a significant increase in morbidity,
specifically, increased 6 month cardiac readmission rate. The effect of treatment of CSA
after discharge on cardiac readmissions should be addressed in subsequent work. The main
contribution of this study is in identifying a novel and potentially modifiable predictor of
heart failure readmissions. To date, there are no studies evaluating the effect of CSA on
cardiac readmissions. The design included consecutive hospitalized patients without prior
screening, providing clarity in the definition of the target population. The prospective design
of this study is also a strength that contributes to the validity of its findings.
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Figure-1. Selection and disposition of all patients
LVEF: Left ventricular ejection fraction; SDB: Sleep Disordered breathing; CSA: central
sleep apnea; OSA: obstructive sleep apnea
Fourteen patients died before discharge and were excluded from analysis (11 with OSA, 1
without SDB, and 1 with CSA). Another 91 patients had no recorded follow up or mortality
data and could not be contacted, so missing data strategy was applied as described in the
methods section (18 CSA patients, 21 patients with no SDB, and 57 OSA patients).
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Figure-2. Comparison of Distribution of Cardiac readmissionsin 6 months between patients
with CSA and patients with no SDB

Distribution of cardiac readmission counts within 6 months; SDB: Sleep Disordered
breathing; CSA: central sleep apnea; Note the higher percent of patients readmitted for each
count in the CSA group.
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Table-1

Comparison of baseline characteristics by Sleep Disordered Breathing group

| Mean (SD) or n (%)

Patient Characteristic | CSA (n=165) | OSA (n=480) | No SDB (n=139)
Age 60.3 (15.0) * 59.5(13.4) t 54.2 (15.9)
Sex (male) 137 (83%) “t | 347 (72%) s 70 (50%)

Cardiomyopathy

Ischemic 106 (64%) 312 (65%) 75 (54%)
Dilated 35 (21%) 121 (25%) 47 (34%)
Others 24 (15%) 47 (10%) 17 (12%)
LVEF 2204 | 254 .7’ 29.2 (10.3)
BMI kglcm? | 28.4(62) | 31.2 (7.8) | 20.8 (10.4)
Length of Stay | 9.6 (10.7) | 8.8 (10.9) | 8.6 (9.7)
Creatinine (g/dl) | 139075) | 138082 | 132(074)
Coronary artery disease | 107 (65%) | 341 (11%) 7 | 79 (57%)
Diabetes | 57 (35%) 7 | 227 (47%) A | 41 (30%)
Discharged on ACEI or ARB | 133 (81%) | 407 (85%) T | 106 (76%)
Discharged on beta-blockers | 150 (91%) | 436 (91%) T | 118 (85%)
Discharge SBP < 110 mmHg | 51 (31%) | 135 (28%) | 46 (33%)
Admission Na | 136.8 (4.2) | 1365 (3.7) | 136.6 (3.5)
Admission Hemoglobin | 12.2 (1.8) | 12.1 (2.0) | 12.1 (2.0)

BMI; body mass index; SDB: sleep disordered breathing; CSA: central sleep apnea; OSA: obstructive sleep apnea. LVEF: Left ventricular ejection
fraction; ARB: angiotensin receptor blocker; ACEI: angiotensin-converting enzyme inhibitor, SBP: systolic blood pressure.
*

P<0.05 for the comparison between CSA and the NO SDB group

fP<0.05 for the comparison between OSA and the NO SDB group

JtP<O.05 for the comparison between CSA and OSA groups
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Table-2

Effect of CSA on 6 month Cardiac readmissions

Model

Rate Ratio (confidenceinterval), p value

Univariable model 1.63 (1.1, 2.4),p=.01

*
Multivariable model (adjusted for listed covariates )

153 (1.1, 2.2), p=. 03

Left ventricular ejection fraction, age, body mass index, sex, creatinine, diabetes, type of cardiomyopathy, coronary artery disease, discharge SBP
(<110 vs. = 110), discharge angiotensin-converting enzyme inhibitors or angiotensin receptor blockers, discharge beta blocker, initial length of

stay, admission sodium, and admission hemoglobin.

*
In addition to SDB group, the model included the following variables:
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Table-3

Rate ratios for readmission for all other covariates in the multivariable model

Readmission risk factor Rate Ratio® (95% confidenceinterval) p-value
LVEF 0.73 (0.6, 0.9) 0.01
Age 0.71 (0.6, 0.9) 0.01
Initial length of stay 1.28(1.1,1.6) 0.01
Admission hemoglobin 0.58 (0.5,0.7) <0.001
SBP 1.0 (0.9, 1.2) 0.59
Creatinine 1.2(0.8,1.9) 0.29
BMI 0.8 (0.6, 1.1) 0.12
Gender (male vs female) 1.16 (0.9, 1.5) 0.26
CAD 0.98 (0.7, 1.4) 0.90
Cardiomyopathy (ischemic vs. nonischemic) 1.14 (0.8, 1.6) 0.48
Cardiomyopathy (other vs. nonischemic) 1.18(0.8,1.7) 0.42
Diabetes 1.1(0.8,1.3) 0.68
Discharge beta-blocker 1.3(0.9, 2.0) 0.23
Discharge ARB or ACEI 0.8 (0.6,1.1) 0.19
Sodium 1.1 (0.9, 1.4) 0.39

LVEF: Left ventricular ejection fraction; SBP: systolic blood pressure; BMI: Body mass index; CAD: Coronary Artery Disease; ARB: Angiotensin
receptor blocker; ACEI: Angiotensin converting enzyme inhibitor.

Rate ratios are for a 2 standard deviation increase for these continuously measured risk factors (2 SD= LVEF 21%, age 29 years, Initial LOS 22

days, Admission Hemoglobin 3.8 g/dL, High SBP 21.9 mm Hg, Creatinine 2.7 mg/dL, BMI 16 kg/cmz, Sodium 7.8 mg/dl), the remaining
covariates were dichotomized or trichotomized (cardiomyopathy).
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