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Abstract:

Congestive heart failure (CHF) is the most common cause of hospital admission in United States costing the
taxpayers billions of dollars. Sleep disordered breathing (SDB) is a common co-morbid condition associated with
CHF with prevalence estimated to be 60-70%. Despite substantial evidence supporting the negative impact of SDB
on CHF, the condition is under-recognized and under-treated. Patients admitted to the hospital with CHF and SDB
are prime candidates for intervention with positive airway pressure therapy (PAP) as they form a “captive audience”,
and timely intervention and education may mitigate sub-optimal outcomes. In conclusion, this review explores

emerging data on the cost effectiveness and outcome of early intervention with PAP in hospitalized CHF patients.



Introduction

Congestive heart failure (CHF) is a major public health problem and a leading cause of hospital admissions in the
United States (1). CHF-related admissions account for more than $30 billion in direct and indirect medical costs and
loss of productivity every year (2), and a major proportion of costs result from re-hospitalizations. By conservative
estimates 20% of Centers for Medicare and Medicaid Services (CMS) enrollees are readmitted to the hospital within
30 days of discharge (3), and almost 50% are re-hospitalized within 6 months (4,5). As part of the quality metrics
under the Affordable Care Act, hospitals face major financial penalties if they are unable to decrease CHF
readmissions eempared-to-otherhespitals (3). It becomes imperative to examine independent predictors, including

co-morbid conditions, that increase readmissions in patients with CHF.

An estimated 40% to 70% of patients with CHF have sleep disordered breathing (SDB), and more than three
quarters of these patients have obstructive sleep apnea (OSA), with the rest being central sleep apnea (CSA) or
mixed sleep apnea (OSA and CSA) (6,7,8). Published data show that the prevalence is significantly higher in men
and increases with age. Additional risk factors for SDB in CHF include obesity, atrial fibrillation, left ventricular
ejection fraction (LVEF) and age (7). However, its detection can be challenging since patients with CHF often do
not have the hallmark symptom of SDB which is excessive daytime sleepiness (9). Lack of daytime sleepiness may
be due to a heightened adrenergic state in CHF patients. (10,11) Because of the absence of the typical symptoms
associated with OSA, administering screening questionnaires such as the Epworth Sleepiness Scale (ESS) (12) and
the STOP BANG questionnaire (13) independently has not been proven very helpful for detecting OSA in these
patients (9). However diagnostic algorithms including a clinical questionnaire and over-night pulse oximetry have
been found to be more accurate with significantly reduced false positive rates (14,15). SDB remains largely
underdiagnosed and undertreated. Overnight polysomnography, the gold standard for diagnosis, is expensive and not
available or practical in a hospital setting, thus further contributing to this under-detection (16). This paper will
review appropriate screening tools for detecting SDB in hospitalized CHF patients, as well as outcomes of SDB
treatment in this population. In addition, an algorithm is proposed for the screening, diagnosis, and treatment of SDB

among acute decompensated heart failure patients to improve detection rates and outcomes.



Impact of Sleep Disordered Breathing in Congestive Heart Failure

Sleep-disordered breathing (SDB) is a known risk factor for adverse cardiovascular outcomes and excess mortality
(17). Epidemiology studies demonstrate that OSA, the most common type of SDB, is a risk factor for the
development of CHF (18). Congestive heart failure patients with OSA have a higher mortality rate compared to
CHF patients without SDB (6,19) even after adjusting for confounding factors (8.7 vs. 4.2 deaths per 100 patient-
years). Recent data suggest that the hypoxemic burden more than the frequency of SDB events may influence
mortality in these patients (6). Both OSA and CSA increase the risk for ventricular arrhythmias and automated

defibrillator discharges (20)

In a recent study the prevalence of congestive heart failure in hospitalized medical patients was found to be around
17 % (21) and it was estimated that the prevalence of SDB was 18.7%. Since SDB is a risk factor for CHF, the
prevalence of both CHF and SDB in hospitalized patients is likely to be high as well. Both OSA (22) and CSA (23)
patients with CHF have higher hospital readmission rates than those without SDB, which underscores the

importance of identifying and treating SDB in this patient population.

Pathophysiology of Sleep Disordered Breathing in Congestive Heart Failure

Several mechanisms have been proposed to explain the deleterious effects of untreated SDB in CHF patients,
including; intermittent hypoxemia, elevated sympathetic activity secondary to recurrent arousals, and baroreflex
inhibition (24,25,26,27). Sleep disordered breathing can cause chronic intermittent hypoxia leading to oxidative
damage. This finding has been supported in animal models by observing the development of increased sympathetic
activity and hypertension on exposure to intermittent hypoxia (28). Increased sympathetic activity can result in
higher myocardial oxygen requirements mediated by elevations in systemic vascular resistance and consequent left
ventricular afterload (29). Hypercapnia accompanying apneic episodes may also contribute to sustained sympathetic
activation (30). Additionally, acute collapse of the pharynx during obstructive events results in important
hemodynamic consequences. Sudden negative intra-thoracic pressure leads to elevations in left ventricular
transmural pressure and consequent increased afterload. Negative intra-thoracic pressure also increases right filling

pressure due to increased venous return, resulting in elevated right sided pressures. This shifts the interventricular



septum leftward, reduces left ventricular filling and decreases cardiac output. Through these mechanisms, SDB

negatively impacts cardiac function and may contribute to worsening heart failure. (31)

Identification of Sleep Disordered Breathing in Hospitalized Patients

Polysomnography

Overnight multi-channel polysomnography (PSG), also commonly known as a sleep study, is the gold standard for
detecting SDB. The PSG recording includes electroencephalogram (EEG) monitoring to determine sleep stages,
physiological parameters such as oxygen saturation, heart rate and rhythm, air flow, respiratory effort, sound (i.e.,
snoring), as well as eye and leg movements. The diagnosis of SDB requires detection and calculation of the
frequency of apneas and hypopneas. Although PSGs are ideally performed in a dedicated sleep laboratory, they also
can be done in a hospital room. However, they require a trained technician for set up and monitoring, are expensive,
use relatively non-portable equipment and are burdensome for ill patients. Use of PSG’s in hospitalized patients is

generally cost prohibitive and not feasible as a diagnostic procedure in the inpatient setting.

Portable sleep study testing

Another practical tool to consider for evaluation of SDB in hospitalized patients is portable sleep testing. Portable
sleep testing (PST) records a limited number of respiratory parameters (depending on type of study), usually at a
minimum of pulse oximetry, airflow, and respiratory effort to evaluate SDB (32). Not all portable sleep monitors
have the ability/ algorithm to differentiate between obstructive and central apneas, however certain PST (type 2, a
few type 3) may help screen obstructive versus central events. In a recent study, all patients admitted to the hospital
for decompensated systolic CHF (ejection fraction (EF) <45%) were administered type 2 PST (with ability to
distinguish between obstructive and central events) on the first or second night of hospitalization. The prevalence of
CSA (defined as central events >50% of the total respiratory events) was 21% and prevalence of OSA (defined as
AHI >15/h) was 51%. CSA was an independent predictor of 6-month hospital re-admission, as was severe OSA
(defined as AHI > 30/h) (33). All PST’s require specialized expertise for study interpretation and considerable
logistical support for effective implementation. In addition, portable devices compared to high resolution pulse
oximetry (vide infra), have been shown to require higher rate of repeat testing (34). Currently, PST’s are not

recommended by the American Academy of Sleep Medicine (AASM) for the diagnosis of central sleep apnea (68).



However, it may provide useful information as a screening tool in guiding therapy for hospitalized patients with
CHEF. Future studies of hospital outcomes, based on PST directed interventions, may help determine its utility in
patients with acute decompensated heart failure (ADHF). Also, studies using other forms of PST such as Watch

PAT (peripheral arterial tonometry) may be informative in this setting.

High-Resolution Pulse-oximetry (HRPO)

High-resolution pulse oximetry has recently been shown to be effective for SDB screening in hospitalized settings
(19,35,36). A readily available technology, HRPO is a relatively simple, low-cost, and comfortable tool to
determine the oxygen desaturation index (oxygen desaturations of 4% per event per hour) and time in hypoxemia
(minutes and percentage of sleep with oxygen saturations below 90%). HRPO is available in most hospitals. While
pulse oximetry was once unreliable for detecting SDB, significant advances have occurred (37) to improve the

plethysmographic signal, reducing averaging time, motion artifacts, and false alarms (38).

Studies have evaluated the utility of HRPO signals versus gold standard full PSG. These studies identified a good
correlation between HRPO and PSG, with 80-94% agreement (35,36). Based on these findings and sensitivity
analyses, an oxygen desaturation index (ODI, the number of oxygen desaturations per hour of sleep) of >5 /hour was
observed to have an area under the curve (AUC) of 0.82 and thus has been proposed as a diagnostic cut-off. In a
recent prospective study on 105 consecutive patients admitted for acute heart failure, HRPO and PST were
performed simultaneously for one night. There was significant agreement between the ODI derived from HRPO
versus PST with an AUC of 0.89 for > 5 events/ hour. More significantly, 88% of patients identified as having
moderate to severe SDB by PST were correctly classified by HRPO. This finding provides further support for the
utility of HRPO as a cost effective screening tool in hospitals where resources are limited. (34) Based on pre-
discharge overnight HRPO, SDB was identified as a significant independent predictor of hospital readmission and
mortality over 14.2 months of follow-up (39). This clinical observation is consistent with a recent large study by
Oldenburg and colleagues demonstrating that the severity of nocturnal hypoxemia was an independent risk factor for
mortality in stable heart failure patients (19). Thus, several lines of evidence indicate that an HRPO derived ODI

may be a cost-effective tool to identify hospitalized patients with decompensated CHF for SDB.



Potential limitations of HRPO include inability to differentiate between central and obstructive events and the
possibility of false negatives due to poor sleep efficiency. Performing the study early during the hospitalization
(decompensated state) may over-estimate the severity of ongoing SDB. When used appropriately, this low-cost
strategy may function as screening tool for SDB in hospitalized patients (36) especially in centers where PST is not

available.

Intervention with Positive Airway Pressure (PAP)

Treatment with PAP therapy has been shown to reduce high blood pressure, daytime sleepiness, and improve
ejection fraction in HFTEF patients with SDB (17), but it is greatly underutilized, especially in heart failure patients.

One study found that only 2% of CMS patients with CHF were diagnosed and treated for SDB (40).

Recent data (41,42) have specifically evaluated the role of PAP therapy in decreasing readmissions among CHF
patients. In a non-randomized evaluation of SDB among more than 100 patients hospitalized for heart failure,
arrhythmias, and myocardial infarction, Kauta et al. (41) found that none with adequate PAP adherence were
readmitted to the hospital or visited the emergency department (ED) within 30 days after discharge compared to

30% readmissions among those with partial or non-adherence to PAP therapy.

Another recent study (42) of consecutively admitted patients with decompensated CHF indicated that early
recognition and treatment of SDB in hospitalized CHF patients may reduce hospital readmissions and ED visits over
a 6-month period of time. In that study, consecutively admitted patients with acute CHF were screened for SDB in
the hospital and underwent PSG with subsequent PAP therapy after discharge if SDB was clinically suspected.
Subsequent hospital readmissions and ED visits were documented in both PAP therapy-compliant and non-
compliant patients. Change in clinical events (number of ED visits and hospital readmissions) pre and 6 months post
intervention were calculated for each patient, and the mean change for each clinical event was compared between
the two groups. Of the 70 patients with SDB, 37 (53%) were compliant with PAP therapy (>4 hours usage on 70%
or more nights). Both groups experienced a decrease in total readmissions (hospitalizations plus ED visits), although
compliant patients had a significantly greater reduction (mean + SE: - 1.5+ 0.2 clinical in events vs - 0.2 + 0.3) (p<
0.0001). This was the first study to evaluate the long-term benefit (6-month) of early intervention for SDB in
hospitalized CHF patients. However, studies comparing adherent with non-adherent groups are complicated by the

healthy user effect, emphasizing the need for randomized trials to draw rigorous conclusions.



Recent experience of the largest screening and intervention program in hospitalized patients is also supportive of a
positive impact of PAP intervention.(22) This study screened 5062 patients using a combination of the STOP or
STOP-BANG questionnaire and HRPO. Those patients confirmed to have SDB were offered treatment with PAP
therapy. Long term clinic follow-up of these patients showed that patients who were compliant with PAP therapy
had a survival benefit. The PAP adherence in the first 3-months was also found to be a predictive marker of

improved survival. (22) (Figure 1)

A recent study of the association between OSA risk and rapid response events (RRE) provides additional evidence
supporting the use of PAP therapy in hospitalized CHF patients (44). In that study, high risk OSA patients, many
whom had CHF, had increased rates of RRE. However, event rates were reduced if the patients were compliant with

PAP therapy.

Despite encouraging data from studies of CHF cohorts where OSA was the primary manifestation of SDB, the
impact of PAP therapy among CHF patients with central sleep apnea remains controversial. Investigators from the
CANPAP trial (Canadian Positive Airway Pressure Trial for Heart Failure Patients with Central Sleep Apnea)
showed that although CPAP improved CSA, nocturnal oxygenation, ejection fraction, and distance walked in six
minutes, it did not affect survival in patients who had CSA and heart failure. There was no effect from PAP therapy
on the number of hospitalizations or quality of life indices (45). The post-hoc subgroup analysis from the CANPAP
trial indicated that patients whose AHI was reduced to < 15 events per hour by PAP therapy had significant
improvement in ejection fraction and transplant-free survival compared to controls (46). This finding suggests a

subset of patients with CSA, with reduced systolic function, may respond favorably to PAP therapy.

Adaptive servo-ventilation (ASV) is an advanced PAP device which automatically adjusts the level of pressure
support ventilation to an individual patient’s ventilation requirements. Early studies indicated that ASV would be

beneficial in treatment of CSA in the setting of CHF (47,48).

The SERVE-HF (Adaptive Servo-Ventilation for Central Sleep Apnea in Systolic Heart Failure) study revealed that
ASVproduced no significant improvement on the primary endpoint [all-cause mortality, lifesaving cardiovascular
intervention (cardiac transplantation, implantation of a ventricular assist device, resuscitation after sudden cardiac
arrest, or appropriate lifesaving shock), or unplanned hospitalization for worsening heart failure] (49). In the patient

population with LVEF < 45% an increase in cardiovascular mortality was noted (10.0% of the ASV group



experienced a cardiovascular death each year compared to 7.5% of the control group, representing a statistically
significant 33.5% relative increased risk). This finding translated into a 2.5% annual absolute increase in
cardiovascular mortality for those randomized to ASV therapy compared to the control group (49). Hence, there is a

moratorium on use of ASV in patients with a LVEF < 45% until further data is available.

There is little data available concerning the impact of implementing PAP therapy for SDB in CHF hospitalized
patients. In a pilot study, patients with acute decompensated heart failure and moderate to severe OSA were
randomly assigned to standard care versus standard with additional auto titrating bi-level PAP therapy (50). The
group receiving PAP therapy had an absolute 4.4% increase in LVEF while the control group had a 0.2% decrease.
The impact of PAP on long- term outcomes was not assessed. However, PAP therapy has been shown to improve
outcomes such as the need for intubation, ICU transfer and mortality in patients admitted with acute pulmonary
edema and hypoxemia (19,51,52,53). While none of the subjects in these studies had a confirmed diagnosis of SDB,
based on its high prevalence, it is reasonable to infer that some of the salutary effects of PAP therapy may be due to
its impact on underlying unrecognized SDB (51). Use of PAP therapy in unselected non-surgical hospitalized SDB

patients has not been observed to improve hospital length of stay (54,55,56).

SDB Screening, Evaluation, and Treatment Protocol in Hospitalized CHF Patients

In a protocol devised and instituted at Thomas Jefferson University, all patients admitted to the heart failure service
were screened for SDB by a trained respiratory therapist using a validated simple clinical questionnaire, the STOP
or STOP-BANG. Patients with known history of OSA and on therapy were excluded. If a patient screened positive
for SDB (2/4 positive for STOP and 3/8 for STOP-BANG), the admitting team was informed of the high-risk status
of the patient. If they determined that an in-house evaluation of the patient was necessary, the hospital pulmonary
sleep medicine team performed a consult. They performed a comprehensive sleep evaluation in the context of the
patient’s admitting diagnosis, made both short-term and long-term recommendations, and determined when to

perform HRPO (see Table 1).

Overnight pulse-oximetry was performed in relatively stable conditions, either on room air or a maximum of 2 liters
per minute of nasal oxygen. A board-certified sleep specialist reviewed the overnight pulse-oximetry tracing and

data the subsequent day. An ODI of > 5/h was considered presumptive of SDB, and an ODI of > 15/h with major



oxygen desaturations (defined as saturations < 89 % for more than 5 minutes cumulative) was considered high risk

and a potential candidate for initiation of therapy in the hospital. (Figure 1)

Since there is no currently published algorithm or guidelines for PAP intervention in the treatment of hospitalized
CHF patients with SDB, we propose the following criteria, developed from our experience at a tertiary care

academic center (Thomas Jefferson University, Philadelphia). (21,34,57)

PAP therapy is recommended if

e  HRPO or PST shows ODI/AHI > 15/h or
e there is ODI >5/h and oxygen desaturations <89% for more than 5 mins over the entire study (see Figure

2).

Initiating PAP Therapy

Patient hospitalization presents a unique opportunity for education and acclimation to PAP therapy given the close
monitoring, access to the healthcare team, and lack of additional adherence barriers. A dedicated respiratory
therapist team that is well versed with SDB and the various PAP therapy options can be a huge asset in delivering
care to hospitalized patients. At Thomas Jefferson University, patients are educated about the cardiovascular
implications of untreated SDB, provided HRPO results, and given the opportunity to discuss the potential impact on
their current conditions with the sleep specialist. Patients are then given an acclimation trial, which typically
includes discussions concerning the appropriate interface and pressure, and a trial of masks to assess comfort. Once
patients are comfortable with their choice, the PAP device pressure is initiated at 5 cm of H,O pressure and
gradually increased to maximum of 9 cm of H,O pressure during the acclimation trial. The interface is tested for

leaks. After a successful acclimation trial, the patient is scheduled for nightly PAP therapy.

We prefer CPAP for patients with heart failure or pulmonary edema, and we avoid pressures of more than 10 cm of
H20 since unexpected drops in blood pressure can occur in dehydrated CHF patients (58). A repeat HRPO on the
initial setting is sometimes ordered if a need for supplemental oxygen is suspected. CPAP set at a fixed pressure is
interrogated the next morning for any residual events (AHI), and pressures are adjusted based on the residual AHI
and patients’ comfort. If central apnea is suspected (CPAP shows worsening apneas/ hypopneas), nightly PAP

therapy is discontinued and a clinical decision is initiated to consider oxygen supplementation, close cardio-



pulmonary monitoring and aggressive heart failure management . Medical management of heart failure has been
shown to improve central apnea in prior studies (31,59,60). The role of ASV in the inpatient setting is evolving but
would be reasonable to consider in select patients. Patients suspected and treated for SDB in the hospital are
discharged with a strong recommendation to undergo an outpatient confirmatory sleep study and given an

appointment at an accredited sleep disorders center for follow up (Figure 1).

Based on our data, the 3-month PAP adherence among CHF patients diagnosed in the hospital setting was 52%, and
compliance at 3 months was associated with better prognosis at the 3-year follow up. (43) We believe that the
inpatient education and acclimation process are substantial contributors to this outcome. Earlier data in CHF patients

with SDB also found an association between good PAP adherence and a reduction in 6-month readmission (42).

Conclusion

Sleep disordered breathing is a highly prevalent condition in patients with CHF and it has a major impact on clinical
outcomes. The condition remains under-diagnosed and undertreated. The ideal treatment of SDB (especially CSA)
in patients with CHF remains controversial. In patients with heart failure and obstructive sleep apnea, CPAP therapy
may improve cardiac function, blood pressure, exercise capacity, and quality of life

(61,62,63,64,65,66,67). However, large randomized controlled trials assessing hard outcomes such as mortality are
lacking. The present body of evidence is limited because most studies evaluated the impact of SDB therapy on
surrogate outcomes (e.g., blood pressure, catecholamine levels, cardiac function) and did not measure clinically

important hard outcomes (e.g., quality of life, hospitalizations, mortality, functional class).

When patients are hospitalized, there is an opportunity to screen and recognize this condition. This has been made
easier by reliable and cost-effective screening strategies. While preliminary data suggest that early intervention of
SDB in hospitalized CHF patients can improve outcomes and mitigate readmissions, no randomized controlled trials
yet demonstrate these findings conclusively. The data on the impact of PAP on OSA in CHF align in the direction of
positive clinical benefit and physiological plausibility; however, optimal treatment of CSA in CHF patients

management is far from clear.

Acknowledgments/ COI disclosure

Dr. Sharma has received unrestricted research grants from ResMed Inc.



Dr. Quan has served as a consultant for Jazz Pharmaceuticals.

Dr. Malhotra is P1 on NIH RO1 HL085188, K24 HL 132105, T32 HL134632 and co-investigator on R21 HL121794,
RO1 HL 119201, RO1 HL081823. As an Officer of the American Thoracic Society, Dr. Malhotra has relinquished
all outside personal income since 2012. ResMed, Inc. provided a philanthropic donation to the UC San Diego in
support of a sleep center. The content is solely the responsibility of the authors and does not necessarily represent
the official views of the NIH.

Drs. Ankit and Dr. Oldenburg have no conflicts of interest or financial ties to disclose.



References:

1. Massie BM, Shah NB. Evolving trends in the epidemiologic factors of heart failure: rationale for preventive

strategies and comprehensive disease management. Am Heart J,1997 ;133:703-712

2. Heidenreich PA, Trogdon JG, Khavjou OA, Butler J, Dracup K, et al. Forecasting the future of cardiovascular

disease in the United States: a policy statement from the American Heart Association, Circulation,2011, 123:933-44.

3. Medicare Payment Advisory Commission (MedCAP) (2012) Report to the Congress: creating greater efficiency

in Medicare.

4. Joynt KE, Jha AK. Who has higher readmission rates for heart failure, and why? Implications for efforts to

improve care using financial incentives. Circ Cardiovasc Qual Outcomes 2011;4:53- 59.

5. Chun S, Tu JV, Wijeysundera HC, Austin PC, Wang X, Levy D, Lee DS. Lifetime analysis of

hospitalizations and survival of patients newly admitted with heart failure. Circ Heart Fail 2012; 5:414-421.

6. Wang H, Parker JD, Newton GE, Floras JS, Mak S, Chiu KL, et al. Influence of obstructive sleep apnea on

mortality in patients with heart failure. ] Am Coll Cardiol. 2007 Apr 17;49(15):1625-31

7. Arzt M, Woehrle H, Oldenburg O, Graml A, Suling A, Erdmann E, Teschler H, Wegscheider K; SchlaHF
Investigators.Prevalence and Predictors of Sleep-Disordered Breathing in Patients With Stable Chronic Heart

Failure: The SchlaHF Registry. JACC Heart Fail. 2016 Feb;4(2):116-25

8. Oldenburg O, Lamp B, Faber L, Teschler H, Horstkotte D, Topfer 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 Mar;9(3):251-7.



9. Arzt M, Young T, Finn L, Skatrud JB, Ryan CM, Newton GE, Mak S, Parker JD, Floras JS, Bradley TD.
Sleepiness and sleep in patients with both systolic heart failure and obstructive sleep apnea. Arch

Intern Med. 2006 Sep 18;166(16):1716-22

10. Leimbach WN JrWallin BGVictor RGAylward PESundlof GMark AL Direct evidence from
intraneural recordings for increased central sympathetic outflow in patients with heart

failure. Circulation 1986;73913-919

11. Aggarwal AEsler MDLambert GWHastings JJohnston LKaye DM Norepinephrine turnover is
increased in suprabulbar subcortical brain regions and is related to whole-body sympathetic activity in human heart

failure. Circulation 2002;1051031- 1033

12. Johns MW .A new method for measuring daytime sleepiness: the Epworth sleepiness

scale. Sleep 1991;14540- 545

13. Chung F, Yegneswaran B, Liao P, et al. STOP questionnaire: a tool to screen patients for obstructive sleep

apnea. Anesthesiology 2008; 108:812-21.

14. Garner, S. L., Traverse, R. D. Use of an evidence-based protocol to screen for sleep- disordered breathing in

a heart failure disease management clinic. Journal of Nursing Care Quality, 2104;29(3), 230-236.

15. Chung, F., Liao, P., Elsaid, H., Islam, S., Shapiro, C., Sun, Y. Oxygen desaturation index from nocturnal
oximetry: A sensitive and specific tool to detect sleep-disordered breathing in surgical patients. Anesthesia &

Analgesia.2012; 714, 993-1000.

16. Sharma S. Hospital sleep medicine: the elephant in the room? J Clin Sleep Med

2014;10: 1067-1068

17. Kaneko Y, Floras JS, Usui K, Plante J, Tkacova R, Kubo T, Ando S, Bradley TD.Cardiovascular effects of
continuous positive airway pressure in patients with heart failure and obstructive sleep apnea. NEngl J Med

2003;348:1233-1241.



18. Gottlieb DJ, Yenokyan G, Newman AB, et al. Prospective study of obstructive sleep apnea and incident

coronary heart disease and heart failure: the sleep heart health study. Circulation. 2010;122(4):352-60.

19. Oldenburg O, Wellmann B, Buchholz A, Bitter T, Fox H, Thiem U, Horstkotte
D, WegscheiderK.Nocturnal hypoxaemia is associated with increased mortality in stable heart failure patients.

Eur Heart J. 2016 Jun 1;37(21):1695-703.

20. T. Bitter, N. Westerheide, C. Prinz, ef al.Cheyne-Stokes respiration and obstructive sleep apnoea are
independent risk factors for malignant ventricular arrhythmias requiring appropriate cardioverter-defibrillator

therapies in patients with congestive heart failure. Eur Heart J, 32 (2011), pp. 61-74

21. Sharma S, Mukhtar U, Kelly C, Mather P, Quan SF. Recognition and Treatment of Sleep-Disordered
Breathing in Obese Hospitalized Patients May Improve Survival. The HoSMed Database. Am J Med. 2017

Oct;130(10):1184-1191

22. Sommerfeld A, Althouse AD, Prince J, Atwood CW, Mulukutla SR, Hickey GW. Obstructive sleep apnea

is associated with increased readmission in heart failure patients. Clin Cardiol. 2017;40:873—-878

23. Khayat R, Abraham W, Patt B, Brinkman V, Wannemacher J, Porter K, Jarjoura D. Central sleep apnea is a
predictor of cardiac readmission in hospitalized patients with systolic heart failure. J Card Fail. 2012 Jul;18(7):534-

40

24.Leung RS, Bradley TD. Sleep apnea and cardiovascular disease. Am J RespirCrit Care Med 2001;164:2147-65.

25. Mehra R, Benjamin EJ, Shahar E, et al. Association of nocturnal arrhythmias with sleep disordered breathing:

The Sleep Heart Health Study. Am J RespirCrit Care Med 2006;173:910-6.

26. Kusuoka H, Weisfeldt ML, Zweier JL, Jacobus WE, Marban E. Mechanism of early contractile failure during
hypoxia in intact ferret heart: evidence for modulation of maximal Ca2 -activated force by inorganic phosphate.

Circ Res 1986;59:270-82.

27. Bradley TD, Tkacova R, Hall MJ, Ando SI, Floras JS. Augmented sympathetic neural response to

simulated obstructive apnea in human heart failure. ClinSci 2003;104:231- 8



28. Fletcher EC. Effect of episodic hypoxia on sympathetic activity and blood pressure. Respir Physiol. 2000

Feb;119(2-3):189-97

29. TRemme WJ.The sympathetic nervous system and ischaemic heart disease. Eur Heart J. 1998 Jun;19 Suppl
F:F62-71.
30. Morgan BJ, Crabtree DC, Palta M, Skatrud JB. Combined hypoxia and hypercapnia evokes long-lasting

sympathetic activation in humans. J Appl Physiol 1995;79:205-13

31. Dark DS, Pingleton SK, Kerby GR, et al. Breathing pattern abnormalities and arterial oxygen desaturation
during sleep in the congestive heart failure syndrome: improvement following medical therapy. Chest. 1987;91:833—
836

32. Khayat RN, Jarjoura D, Patt B, Yamokoski T, Abraham WT. In-hospital testing for sleep-disordered
breathing in hospitalized patients with decompensated heart failure: report of prevalence and patient
characteristics. J Card Fail. 2009;15:739-46

33. Khayat R, Jarjoura D, Porter K, et al. Sleep disordered breathing and post-discharge mortality in patients
with acute heart failure. European Heart Journal. 2015;36(23):1463-1469.

34, Sharma S, Mather PJ, Chowdhury A, Gupta S, Mukhtar U, Willes L, Whellan DJ, Malhotra A, Quan SF.
Sleep Overnight Monitoring For Apnea in patients hospitalized with Heart Failure (SOMA-HF study). J Clin Sleep

Med. 2017 Oct 15;13(10):1185-1190.

35. Amir O, Barak-Shinar D, Henry A, Smart FW. Photoplethysmography as a single source for analysis of

sleep-disordered breathing in patients with severe cardiovascular disease. J Sleep Res 2012;21:94-100.

36. S. Sharma, P. Mather, J.T. Efird, D. Kahn, M. Cheema, S. Rubin, G. Reeves, R. Bonita, R. Malloy, D.J.
Whellan. Photoplethysmographic signal to screen sleep-disordered breathing in hospitalized heart failure patients:
feasibility of a prospective clinical pathway. JACC Heart Fail, 3 (2015), pp. 725-731

37. J. Lazaro, E. Gil, J. M. Vergara, and P. Laguna, "Pulse rate variability analysis for discrimination of sleep-
apnea-related decreases in the amplitude fluctuations of pulse photoplethysmographic signal in children," IEEE J.
Biomed. Health Inform., vol. 18, no. 1, pp. 240-246, 2014

38. Cannesson M, Talke P. Recent advances in pulse oximetry. F1000 Med Rep. 2009;1(pii):66

39. Takayasu Ohmura, Yoshitaka Iwama, Takatoshi Kasai, Takao Kato, Shoko Suda, Atsutoshi Takagi, and



Hiroyuki Daida. Impact of Predischarge Nocturnal Pulse Oximetry (Sleep-Disordered Breathing) on Postdischarge
Clinical Outcomes in Hospitalized Patients With Left Ventricular Systolic Dysfunction After Acute Decompensated

Heart Failure. Am J Cardiol 2014; 113:697-700

40. Javaheri S, Parker TJ, Liming JD, Corbett WS, Nishiyama H, Wexler L, Roselle GA.Sleep apnea in 81
ambulatory male patients with stable heart failure. Types and their prevalences, consequences, and presentations.

Circulation 1998 ;97:2154-2159

41. Kauta SR, Keenan BT, Goldberg L, Schwab RJ. Diagnosis and treatment of sleep disordered breathing in
hospitalized cardiac patients: a reduction in 30-day hospital readmission rates. J Clin Sleep Med. 2014 Oct

15;10(10):1051-9.

42. Sharma S, Mather P, Gupta A et al. Effect of Early Intervention With Positive Airway Pressure Therapy for
Sleep Disordered Breathing on Six-Month Readmission Rates in Hospitalized Patients With Heart Failure. Am J

Cardiol. 2016 Mar 15;117(6):940-5

43. Sharma S, Chakraborty A, Chowdhury A, Mukhtar U, Willes L, Quan S. Adherence and prognosis of

hospitalized heart failure patients diagnosed with sleep disordered breathing. JCSM. 2016 Dec 15;12(12):1615-1621

44. Sharma S, Chowdhury A, Tang L, Glynn B, Willes, L, Quan S. Hospitalized patients at high risk for obstructive
sleep apnea have more rapid response system events and intervention is associated with reduced events. PLoS One.

2016 May 11;11(5)

45. Bradley D', Logan AG, Kimoff RJ, Séri¢s F, Morrison D, Ferguson K, Belenkie I, Pfeifer M, Fleetham
J, Hanly P, Smilovitch M, Tomlinson G, Floras JS; CANPAPInvestigators. Continuous positive airway pressure for

central sleep apnea and heart failure. NEJM. 2005 Nov 10;353(19):2025-33

46. Arzt M, Floras JS, Logan AG, et al. Suppression of central sleep apnea by continuous positive airway pressure
and transplant-free survival in heart failure: a post hoc analysis of the Canadian Continuous Positive Airway
Pressure for Patients with Central Sleep Apnea and Heart Failure Trial (CANPAP). Circulation 2007; 115: 3173—

3180



47. Kasai T, Kasagi S, Maeno K, Dohi T, Kawana F, Kato M, Naito R, Ishiwata S, Ohno M, Yamaguchi T, Narui
K, Momomura S. Adaptive servo-ventilation in cardiac function and neurohormonal status in patients with heart
failure and central sleep apnea nonresponsive to continuous positive airway pressure. JACC Heart Fail. 2013

Feb;1(1):58-63.

48. Kasai T, Usui Y, Yoshioka T, Yanagisawa N, Takata Y, Narui K, Yamaguchi T, Yamashina A, Momomura SI;
JASV Investigators. Effect of flow-triggered adaptive servoventilation compared with continuous positive airway
pressure in patients with chronic heart failure with coexisting obstructive sleep apnea and Cheyne-

Stokes respiration. Circ Heart Fail. 2010 Jan;3(1):140-8.

49. Martin R. Cowie , Holger Woehrle, Karl Wegscheider et al. Adaptive Servo-Ventilation for Central Sleep Apnea

in Systolic Heart Failure. NEJM 2015;373:1095-110

50. Khayat RN, Abraham WT, Patt B, Pu M, Jarjoura D. In-Hospital Treatment of Obstructive Sleep Apnea During

Decompensation of Heart Failure. Chest 2009; 136:991-97.

51. Peter JV, Moran JL, Hughes JP, et al. Effect of noninvasive positive-pressure ventilation (NIPPV) on mortality

in patients with acute cardiogenic pulmonary oedema: a meta-analysis. Lancet 2006;367:1155-63

52. Nieminen MS, Bohm M, Cowie MR, et al. Executive summary of the guidelines on the diagnosis and treatment

of acute heart failure. Eur Heart J, 2005;26:384-416.

53. Masip J, Betbesé AJ, Paez J. Noninvasive pressure-support ventilation versus conventional oxygen therapy in

acute cardiogenic pulmonary oedema a randomized trial. Lancet 2000;356:2126-32

54. Kamel G, Munzer K, Espiritu J. Use of CPAP in patients with obstructive sleep apnea admitted to the general

ward: effect on length of stay and readmission rate. Sleep Breath. 2016 Sep;20(3):1103-10..



55. Spurr KF', Graven MA, Gilbert RW. Prevalence of unspecified sleep apnea and the use of continuous positive
airway pressure in hospitalized patients, 2004 National Hospital Discharge Survey. Sleep Breath. 2008

Aug;12(3):229-34.

56. de Miguel-Diez J, Carrasco-Garrido P, Jiménez-Garcia R, Puente-Maestu L, Hernandez-Barrera V, Lopez de
Andrés A. Obstructive sleep apnea among hospitalized patients in Spain, analysis of hospital discharge data 2008-

2012. Sleep Breath. 2015 Sep;19(3):841-8.

57. Sharma S, Mather PJ, Chowdhury A, Gupta S, Mukhtar U, Willes L, Whellan DJ, Malhotra A, Quan SF.
Sleep Overnight Monitoring for Apnea in Patients Hospitalized with Heart Failure (SOMA-HF Study). J

Clin Sleep Med. 2017 Aug 29. pii: jc-17-00135. [Epub ahead of print]

58. Oldenburg O, Bartsch S, Bitter T, Schmalgemeier H, Fischbach T, Westerheide N, Horstkotte D Hypotensive
effects of positive airway pressure ventilation in heart failure patients with sleep-disordered breathing. Sleep

Breath. 2012 Sep;16(3):753-7

59. Solin P, Bergin P, Richardson M, et al. Influence of pulmonary capillary wedge pressure on central apnea in

heart failure. Circulation. 1999;99:1574-1579.

60. Baylor P, Tayloe D, Owen D, et al. Cardiac failure presenting as sleep apnea: elimination of apnea following

medical management of cardiac failure. Chest. 1988;94:1298-1300

61. Naughton MT, Benard DC, Liu PP, Rutherford R, Rankin F, Bradley TD. Effects of nasal CPAP on sympathetic

activity in patients with heart failure and central sleep apnea. Am J Respir Crit Care Med 1995;152:473-479.

62. Sin DD, Logan AG, Fitzgerald FS, et al. Effects of continuous positive airway pressure on cardiovascular

outcomes in heart failure patients with and without Cheyne—Stokes respiration. Circulation 2000; 102: 61-66.

63. Bradley, T. D., Logan, A. G., Kimoff, R. J., Sériés, F., Morrison, D., Ferguson, K., et al. (2005). Continuous

positive airway pressure for central sleep apnea and heart failure. N. Engl. J. Med. 353, 2025-2033



64. Mansfield DR, Gollogly NC, Kaye DM, Richardson M, Bergin P, Naughton MT. Controlled trial of continuous

positive airway pressure in obstructive sleep apnea and heart failure. Am J Respir Crit Care Med 2004;169:361-366.

65. Kaneko Y, Floras JS, Usui K, Plante J, Tkacova M, Kubo T, Ando S, Bradley TD (2003) Cardiovascular effects
of continuous positive airway pressure in patients with heart failure and obstructive sleep apnea. New Eng J Med

348:1233-1241.

66. Smith L.A., Vennelle M., Gardner R.S., McDonagh T.A., Denvir M.A., Douglas N.J., Newby D.E.; Auto-
titrating continuous positive airway pressure therapy in patients with chronic heart failure and obstructive sleep

apnoea: a randomized placebo-controlled trial. Eur Heart J. 28 2007:1221-1227.

67. Zhang XB, Yuan YT, Du YP et al (2015) Efficacy of positive airway pressure on brain natriuretic peptide in
patients with heart failure and sleep-disorder breathing: a meta-analysis of randomized controlled trials. Lung
193:255-260

68. Collop NA, Anderson WM, Boehlecke B, et al. Clinical guidelines for the use of unattended portable monitors in
the diagnosis of obstructive sleep apnea in adult patients. Portable Monitoring Task Force of the American Academy

of Sleep Medicine.J Clin Sleep Med 2007;3:737-47.



Table 1

High oxygen requirements (>2L/min)

Hemodynamically unstable

Severe insomnia or psychosis

Severe restless leg symptoms

Anticipating frequent medications (i.e., nebulizers, pain medications)

Frequent tests (i.e., lab draws, trips for imaging)
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Figure 1. Kaplan Meir survival curves for patient’s compliant with PAP therapy versus non-

compliant.



Figure 2: Algorithm for early diagnosis and intervention of SDB in hospitalized CHF patients
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