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I
n 2015, SERVE-HF study data led to 

a profound shift in the prescribing of 

adaptive servo-ventilation (ASV) for 

congestive heart failure patients with 

central sleep apnea. The study iden-

tified a statistically significant increased 

risk of cardiovascular mortality for a sub-

set of patients who received ASV therapy 

compared to those in the control group.1 

Based on findings from this 1,325-patient 

study, ASV is contraindicated for patients 

with a left ventricular ejection fraction 

(LVEF) of less than or equal to 45% and 

predominant central sleep apnea (CSA).2 

At the same time, prescribing ASV to 

patients who are not in the contraindi-

cated group—such as those with central 

or complex sleep apnea and heart failure 

but with a preserved ejection fraction—

became more intricate. 

Clinicians can prescribe CPAP, but 

research indicates that for nearly half of 

patients with CSA, continuous positive 

airway pressure does not adequately con-

trol their sleep-disordered breathing.3 

Similarly, in patients who have both 

obstructive and central sleep apnea (also 

known as “complex sleep apnea”), CPAP 

is ineffective or even causative for the 

appearance of the central apneas. ASV 

typically works better—but the poten-

tial benefits must be balanced against a 

long-term need to also review their clin-

ical status at regular intervals to ensure 

that heart failure does not evolve, placing 

them into the contraindicated population.

Sorting patients into those who might 

benefit and those who might be harmed 

is the type of complexity in prescrib-

ing confronting many specialties today. 

Medical treatments are increasingly 

tailored to specific patients’ needs in a 

“precision medicine” world. As a sleep 

medicine physician, managing this com-

plexity is challenging, but it is also a sign 

of how medicine is changing to serve 

patients better, says Teofilo Lee-Chiong, 

MD, professor of Medicine at National 

Jewish Health in Denver and at the 

University of Colorado Denver School of 

Medicine, as well as chief medical liaison 

at Philips, an ASV device developer.

“The science of medicine has changed 

tremendously,” Lee-Chiong says. “Part of 

it is driven economically. Part of it is driv-

en by access to information by our heart 

failure patients and their families. But it 

is also partly because the way we have 

practiced medicine was inadequate for 

the needs of the patients.”

The traditional prescriptive approach 

to medicine is one where patients see 

specialists individually and each pre-

scribes a standard treatment for the 

diagnosed conditions—according to 

clinical guidelines without a lot of dis-

cussion between the various specialists 

or between specialists and the patient 

and patient’s family. But research is 

New findings on ASV use in particular patient groups mean the best sleep clinicians 

weigh more data than ever in determining what device to try.
By Lena Kauf fman
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increasingly leading to more personal-

ized, precise treatments as well as great-

er choice for patients. Providing the 

highest level of care for sleep medicine 

patients will increasingly require stay-

ing informed about the latest research 

developments, sharing decision making 

with patients to take into account their 

goals and desires, and working as part of 

multidisciplinary patient management 

teams, Lee-Chiong says. In sleep, ASV is 

one example of this in action.

“Every clinician should advocate first 

and foremost for the patients,” he says. “I 

think it’s our duty and our responsibility 

to manage our patients the best we can. 

And the only way we can do that is to 

keep updated or abreast of the ongoing 

research. We cannot simply stop learn-

ing. So we need to understand and keep 

up with the ASV research as it unfolds.” 

WHY USE ASV
There is considerable evidence that 

untreated OSA and CSA pose risks.4,5,6 

Patients who have untreated sleep-disor-

dered breathing typically either have or 

are at risk for:

• Intermittent hypoxemia–reoxy-

genation; 

• Hypercapnia–hypocapnia;

• Increased sympathetic activity;

• Reduced LVEF;

• Excessive arousals; 

• Shift to light sleep stages, with 

many being unable to reach 

REM sleep;

• Large negative swings in intra-

thoracic pressure; 

• Excess morbidity;

• Greater hospital readmission 

rates; and

• Higher mortality rates.

And then there is an opportunity to 

improve health-related quality of life. 

When sleep apnea is controlled and 

patients sleep better, there is often a 

marked improvement in quality of life.7 

Patients have more energy, and this 

in turn may help them tackle difficult 

lifestyle changes needed to get back to 

activities they enjoy. 

An estimated 5.7 million people in 

the United States have heart failure,8 and 

between 40% and 60% of them have a 

preserved ejection fraction.9,10 Having a 

LVEF above 45% means that ASV is con-

sidered safe to adequately control their 

apnea-hypopnea index (AHI), provided 

they are regularly monitored for changes 

in cardiovascular status. But the remain-

ing group faces challenges because there 

is not the same range of treatments avail-

able for them, explains Salma Imran 
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In a precision medicine world, sleep physicians must weigh benefits and harms of therapy modalities using each patient’s specific circumstances.
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Patel, MD, MPH, assistant professor of 

medicine at the University of Arizona 

College of Medicine in Tucson. 

Among those with sleep apnea and 

heart failure with a reduced LVEF, 

around a third will have CSA and 

another 12% to 30% will have OSA.11,12 

(By comparison, heart failure patients 

with preserved LVEF have a lower inci-

dence of CSA, 23%, but a higher inci-

dence of OSA, 25%.13) The obstructive 

sleep apnea group usually responds 

well to CPAP, but many in the central 

sleep apnea group do not have their 

AHI adequately controlled with CPAP 

alone.3 “We need other therapies to treat 

patients who have heart failure with 

CSA,” Patel says. 

An analysis of insurance claim data 

on 1,324,414 heart failure patients con-

ducted by Patel and colleagues showed a 

statistically significant reduction in hos-

pitalizations in patients on all types of 

positive airway pressure therapy (bilevel, 

CPAP, and bilevel-spontaneous timed) 

compared to patients without positive 

airway pressure therapy.14 What’s more, 

preliminary results from a study on US 

Veterans Administration patients hos-

pitalized with acutely decompensated 

heart failure show a reduction in 30-day 

hospital readmission rates for those who 

received ASV therapy compared to the 

patients who only received usual medi-

cal management.15

Additionally, it should be noted that 

the Cardiovascular Improvements with 

Minute Ventilation-targeted Adaptive 

Servo-Ventilation Therapy in Heart-Failure 

(CAT-HF) trial published in 2017 did not 

find improved cardiovascular outcomes 

for hospitalized patients who had moder-

ate-to-severe sleep-disordered breathing 

and received ASV at the six month fol-

low-up interval. But the researchers were 

intrigued by how ASV was linked with 

substantial reductions seen in left atrial 

volume among patients with both reduced 

and preserved LVEF, which could indicate 

improved diastolic function.16

For Patel, her own findings and those 

of others underscores the urgency of 

finding out why ASV was associated 

with higher mortality in some patients 

in the SERVE-HF study and figuring out 

if it is a correctable issue so that ASV 

might be put back into the mix for all 

heart failure patients with sleep-disor-

dered breathing. 

KNOWING WHAT WE DON’T KNOW
One of the biggest questions ASV 

prescribers face is why a treatment that 

was so helpful for some patient groups 

was also linked to a higher mortality rate 

in a subset of congestive heart failure 

patients with predominant CSA. Sairam 

Parthasarathy, MD, professor of medi-

cine, chief of the Division of Pulmonary, 
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Trying to understand the physiological process behind the findings could identify whether the results of SERVE-HF were due to a product class effect or to a 
device-specific effect.
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Allergy, Cr it ical Care and Sleep 

Medicine, and director of the Center 

for Sleep and Circadian Sciences at the 

University of Arizona, became interested 

in finding out.

A failed experiment, meaning one 

where you do not get the results you 

were expecting, is not really a failure or 

the end of the story, he believes. Rather, 

it is a clue to the next important finding. 

Parthasarathy and Patel have been 

investigating whether there are features 

of the ASV device used in the SERVE-

HF study that might lead to theories 

behind the results. In March of 2019, 

Parthasarathy and colleagues published 

results of a comparison of four ASV 

devices,17 including the ASV device uti-

lized in the SERVE-HF trial. He had 14 

patients with CSA with LVEF of greater 

than 45% receive ASV over four nights 

in a sleep lab. Each night, the device was 

swapped and then hidden so that neither 

the patient nor the sleep study scorers 

could tell which device was being used. 

Everything but the device, including the 

mask interface and device settings, was 

the same each night. What the research-

ers found was different physiological 

performances between the devices. 

Specifically, the device in the SERVE-

HF trial had the greatest minute ventila-

tion and respiratory rate of all the tested 

devices (including a more technological-

ly advanced later-generation device from 

the same manufacturer).

“What we found was that the minute 

ventilation, not during sleep but during 

wakefulness, was different in those 

devices,” he says. “Why does that matter? 

It matters because when you go to sleep, 

you’re not completely 100% asleep…you 

wake up transiently and you slip right 

back to sleep. That’s exactly what was 

happening in these patients. And when 

it happened, the minute ventilation sud-

denly bounced up by about 30% to 40% 

and then tried to settle down when they 

fell back asleep. But that kind of oscilla-

tion causes an instability in the breath-

ing that of itself can perpetuate central 

apnea, and the machine is programed 

to take care of central apnea. So what it 

does is it gives more pressure and more 

ventilation to reduce the instability. But 

every time the patient wakes up, now 

their breathing can overshoot even more. 

And because the breathing is unstable, 

the machine cranks up a little bit higher. 

So what’s happening is a closed loop. It’s 

like a runaway phenomenon.”

Newer devices have more advanced 

algorithms with guardrails on them to 

prevent this type of feedback loop from 

leading to over-ventilating the patient, 

Parthasarathy explains. But prior to 

2015, when the SERVE-HF study was 

conducted, this potential issue had not 

yet been fully understood. 

Finding out if the device could have 

been over-ventilating patients is import-

ant, Parthasarathy says, because it opens 

up at least two possible theories on how 

the device might have harmed patients. 

One is that the greater minute ventila-

tion led to more pressure from the lungs 

on the heart. In someone who has a weak 

heart, this added pressure may interfere 

with fluid coming back into the heart so 

that the heart cannot refill with blood 

between beats the way it is supposed to. 

“It is the same reason women who 

are pregnant and full term are advised 

to sleep on their side instead of their 

back because the pressure of the baby 

can obstruct the veins in the back of the 

abdominal cavity and reduce the amount 

of blood that goes to the heart so much 

that a woman can pass out just lying 

down, especially if she is carrying twins 

or triplets,” Parthasarathy says.

Another theory is that over-ventila-

tion might make the body blow off too 

much carbon dioxide (CO2). Carbon 

dioxide is acidic and if there is less of it 

in the blood, the blood becomes more 

alkaline, which in turn can interfere 

with the electrical signals in the heart 

and brain. This pathway of hypocapnia 

(respiratory alkalosis) leading to hypo-

kalemia leading to cardiac arrhythmias 

is well known among cardiologists.

“When the blood gets very alkaline, 

the electrical system in the heart can 

cause arrhythmias, the electrical system 

in the neurons in the brain can cause 

seizures,” Parthasarathy says. “We know 

this because when we take care of ICU 

[intensive care unit] patients on ventila-

tors, and a patient goes into an arrhyth-

mia or other things, we look at where 

their blood alkaline level is and see if we 

are blowing off too much CO2. If so, we 

go back down on the minute ventilation 

so that we make sure that we are not 

inciting that particular situation.”

Trying to understand the physiolog-

ical process of how ASV could be cor-

related with an increased mortality will 

both help make future ASV devices safer 

and could show whether the results of 

the SERVE-HF study were due to a prod-

uct class effect (meaning it is common to 

all ASV devices) or due to a device-spe-

cific effect (meaning related to a partic-

ular feature of a single device and not 

necessarily true for all ASV devices).

APPROACHES TO  
COMPLEX PRESCRIBING

Parthasarathy, who is also medical 

director of the Center for Sleep Disorders 

at Banner — University Medical Center 

in Tucson, sees staying on top of the 

latest research developments and clearly 

explaining to patients what we know 

and don’t know about the effect of ASV 

treatment on heart failure as an import-

ant part of responsibly caring for these 

patients. However, he also recognizes 

that different physicians will have differ-

ent approaches to prescribing ASV and 

managing the complexity of when and 

when not to prescribe it. 

It will be a while, he says, before 

sleep medicine is as comfortable with 

complex prescribing scenarios as spe-

cialties like oncology are, where treat-

ments are increasingly tailored to 

patients’ specific tumor characteristics 

and unique genetic risk factors. He is 

confident sleep medicine will get there 

because the alternative, in his view, is 

practicing less than the best quality 

medicine. “It’s doable but it’s going to 

get very complex and people better get 

ready for it,” he says. “It’s going to get 

hot in the kitchen, and if you can’t han-

dle it, get out of the kitchen.”

Lee-Chiong agrees. “When you look 

at the ASV dilemma, we have a technol-

ogy that works for periodic breathing 

but might have different outcomes for 

different patients,” he says. “So what we 

need today is (A) to figure out wheth-

er we can improve the ASV technology 

and (B) to figure out whether we can 

identify patients who will benefit versus 

those who cannot benefit or who would 

actually suffer from, the treatment. It is a 

rather complex problem.”
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In the clinical setting, Parthasarathy 

and Patel manage this with informed 

decision making discussions with their 

patients and close ongoing patient mon-

itoring. It is very important not to pre-

scribe ASV for any patient with heart 

failure and a reduced LVEF, they say. 

But both do prescribe ASV for heart 

failure with a preserved ejection frac-

tion as it is not contraindicated in that 

group and research supports positive 

outcomes like reduced hospital read-

missions. 

Parthasarathy is aware that some phy-

sicians categorically refuse to prescribe 

ASV. He says, “They stay miles away from 

this device being adopted into their prac-

tice. But in those people for which it is 

not contraindicated, I feel that they’re 

being shorted for a particular treatment if 

we don’t offer it. We talk about precision 

medicine in healthcare, but when it comes 

to practicing precision medicine, it is a lot 

of hard work and so some clinicians don’t 

end up doing it.…Here’s an opportunity 

to practice precision sleep medicine.”

When a patient is not in the contra-

indicated group and could potentially 

have their AHI better controlled with 

ASV, Parthasarathy has an open discus-

sion with them about the potential risks 

and benefits. He explains that a large 

study found a risk of higher mortality for 

patients who have heart failure but only 

in a subgroup of which they are not cur-

rently a part. He then stresses that unless 

new findings come out that would change 

the earlier study’s findings, it is import-

ant their heart function be tested regu-

larly. If their ejection frac-

tion reduces, they could 

become a part of the group 

that ASV may be harmful 

for and they will need to 

stop using the device. 

“If you ever have a 

change in your heart con-

dition or medical condition 

that relates to the heart, 

then this contraindication 

may now apply to you, in 

which case you need to 

talk to your doctor and ask 

to be referred back to us so 

that we can actually do an 

assessment,” Parthasarathy 

says he tells patients.

Although some cl i-

nicians may worry that 

patients may not under-

stand and be able to fol-

low their more complex 

d i rect ions,  in Patel ’s 

experience, this is not 

something that has been 

a problem. Indeed, she’s 

found patients are typical-

ly open to frank discus-

sions about research and 

how to weigh potential 

risks and benefits. 

“Most patients are pretty 

sophisticated and they can 

understand basic stuff that 

we explain in terms like, 

‘You have sleep apnea, you 

have heart failure, but if 

your heart pumping func-

tion isn’t good, then maybe 

this device isn’t a good fit 

you,’” she says. “They can 

generally follow that train 

of thought and then you 
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Sleep Medicine Could Lower Cardiovascular Disease Costs

According to the Centers for Disease Control 

and Prevention, heart disease is the leading cause 

of death in the United States, with 1 in 4 deaths 

having heart failure as a contributing cause. All 

total, about 610,000 people die of heart disease in 

the United States each year.18 

US adults living with diagnosed heart disease 

now number 28.2 million, which is more than 10% 

of the population.19 Treating all of these patients 

is costly. In 2011, the American Heart Association 

estimated medical expenditures related to heart 

disease were growing at a rate of about 6% per 

year and that by 2030 direct medical costs related 

to heart failure will reach $92.6 billion (adjusted to 

2019 dollars).20

There is evidence that addressing sleep-dis-

ordered breathing in heart failure could be part of 

the broad range of solutions needed to tackle the 

cost problem. Researchers have recently noted 

a link between treatment of sleep-disordered 

breathing in heart failure patients and a reduced 

rate of hospitalizations,14,15 which in turn may 

mean lower healthcare costs. 

Indeed, a 2016 independent analysis com-

missioned by the American Academy of Sleep 

Medicine noted that about 3.1 million patients 

have both sleep apnea and heart disease and 

they collectively contribute $6.7 billion to health-

care costs.21  

Since there is a known link between these con-

ditions, management of sleep-disordered breath-

ing in patients with heart failure could reduce 

costs related to the care of these very medically 

complex patients.

Patients may appreciate 
having a conversation with 
you about how study findings 
relate to their sleep apnea 
subgroup.
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can share research articles with them and 

say, ‘You know, this is why, or this is why 

not.’ Just having that transparency and 

conversation, I think makes it so much 

easier to take care of patients. And that’s 

what I would recommend to everybody, 

because even though we are physicians 

and we’re supposed to know everything 

in medicine, there’s a lot of unknowns.” 

NOT THE END OF THE STORY
New research will continue to 

expand on the ASV story. Indeed, a 

large multi-center study enrolling up 

to 800 patients is currently examining 

whether ASV improves cardiovascular 

outcomes in heart failure patients with 

sleep apnea. Results from the ADVENT-

HF trial are expected in June 2020, and 

although the study results are blinded 

from both participants and the inves-

tigators until the end of the study to 

avoid bias, so far compliance rates in 

this study are better than in previous 

similar studies, according to lead inves-

tigator T. Douglas Bradley, MD, at the 

University of Toronto. Furthermore, the 

study’s data safety monitoring board 

has reviewed the results five times since 

2015 when the SERVE-HF study came 

out and not found any safety concerns 

that would stop the study. 

Parthasarathy and Patel are retrospec-

tively and prospectively investigating the 

possible physiologic impacts of ASV in 

patients with and without heart failure 

and are eager to share the findings of 

their studies, when available.

When you look at how much the 

practice of sleep medicine has changed 

over the years, it is evident that it will 

continue changing, shifting, and evolv-

ing, notes Lee-Chiong. 

“When somebody comes in with a 

problem falling asleep, we gave them 

barbiturates,” he says. “Or 20 years ago, 

we gave them benzodiazepines. Now 

we rarely do that stuff because we have 

become better over time. What used to 

be accepted care is now no longer part 

of the regimen of solutions we give our 

patients, and I can almost guarantee that 

what we think is the best practice today 

will in the next five or 10 years no longer 

be so because science is progressive. We 

will abandon certain therapies and pick 

up new ones.”

For now, what clinicians should do is 

monitor patients on ASV closely for both 

benefits and harms, talk with patients 

about what is important to them in 

both quality of life and length of life, 

realize that there is no one-size-fits-all 

approach (as devices and patients vary), 

and finally keep up with new research, 

Lee-Chiong advises. 

“Every clinician who is using ASV 

or planning to use ASV for period-

ic breathing in heart failure should be 

aware of SERVE-HF and should join the 

discussions regarding SERVE-HF,” he 

says. “But they should also understand 

that the story of ASV did not end with 

SERVE-HF.” SR

Lena Kauffman is a freelance writer and former 

Sleep Review editor based in Ann Arbor, Mich.

REFERENCES
1. Cowie MR, Woehrle H, Wegscheider K, et 

al. Adaptive servo-ventilation for central sleep 

apnea in systolic heart failure. New Engl J Med. 

2015;373(12):1095-1105.

2. Safety notice: ASV therapy for central sleep apnea 

in heart failure. 15 May 2015. American Academy of 

Sleep Medicine. aasm.org/special-safety-notice-asv-

therapy-for-central-sleep-apnea-patients-with-heart-

failure

3. 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 Jun 

26;115(25):3173-80. 

4. Javaheri S, Corbett WS. Association of low PaCO2 

with central sleep apnea and ventricular arrhythmias 

in ambulatory patients with stable heart failure. Ann 

Intern Med. 1998 Feb 1;128(3):204-7.

5. Hudgel DW, Chapman KR, Faulks C, Henricks C. 

Changes in inspiratory muscle electrical activity and 

upper airway resistance during periodic breathing 

induced by hypoxia during sleep. Am Rev Respir Dis. 

1987;135:899-906.

6. Shepard JW Jr, Pevernagie DA, Stanson AW, et al. 

Effects of changes in central venous pressure on upper 

airway size in patients with obstructive sleep apnea. 

Am J Respir Crit Care Med. 1996;153:250-4. 

7. Walia HK, Thompson NR, Katzan I, et.al. Impact of 

sleep-disordered breathing treatment on quality of life 

measures in a large clinic-based cohort. J Clin Sleep 

Med. 2017;13(11):1255-63.

8. Mozzafarian D, Benjamin EJ, Go AS, et al on 

behalf of the American Heart Association Statistics 

Committee and Stroke Statistics Subcommittee. Heart 

disease and stroke statistics—2016 update: a report 

from the American Heart Association. Circulation. 2016 

Jan 26;133(4):e38-360.

9. Elesber AA, Redfield MM. Approach to patients with 

heart failure and normal ejection fraction. Mayo Clin 

Proc. 2001;76(10):1047-52.

10. Gottdiener JS, McClelland RL, Marshall R, et al. 

Outcome of congestive heart failure in elderly persons: 

influence of left ventricular systolic function. The 

Cardiovascular Health Study. Ann Intern Med. 2002 Oct 

15;137(8):631-9.

11. Javaheri S, Parker TJ, Liming JD, et al. Sleep apnea 

in 81 ambulatory male patients with stable heart failure. 

Types and their prevalences, consequences, and 

presentations. Circulation. 1998;97:2154–9.

12. MacDonald M, Fang J, Pittman SD, et al. The 

current prevalence of sleep disordered breathing in 

congestive heart failure patients treated with beta-

blockers. J Clin Sleep Med. 2008 Feb 15; 4(1): 38–42.

13. Bitter T, Faber L, Hering D, et al. Sleep-disordered 

breathing in heart failure with normal left ventricular 

ejection fraction. Eur J Heart Fail. 2009 Jun;11(6):602-8.

14. Patel SI, Vasquez M, Guerra S, et al. Treatment 

of sleep disordered breathing with posit ive 

airway pressure therapy reduces the number of 

hospitalizations in a large cohort of patients with heart 

failure. Poster presentation at AHA 2019.

15. Light M, Gadetto NJ, Owens RL, et al. Impact 

of adaptive servo-ventilation on cardiac stress 

biomarkers and renal function in patients with acutely 

decompensated heart failure. B66 SR: Current and 

Emerging Treatment Therapies to Improve Sleep 

(thematic poster session at ATS 2019). 20 May 2019. 

16. O’Connor CM, Whellan DJ, Fiuzat M, et. al. 

Cardiovascular outcomes with minute  ventilation-

targeted adaptive servo-ventilation therapy in Heart 

failure: The CAT-HF trial. J Am Coll Cardiol. 2017 Mar 

28;69(12):1577-87.

17. Knitter J, Bailey OF, Poongkunran C, et al. 

Comparison of physiological performance of four 

adaptive servo ventilation devices in patients with 

complex sleep apnea. Am J Respir Crit Care Med. 

2019 Apr 1;199(7):925-8.

18. CDC, NCHS. Underlying Cause of Death 1999-

2013 on CDC WONDER Online Database, released 

2015. Data are from the Multiple Cause of Death Files, 

1999-2013, as compiled from data provided by the 57 

vital statistics jurisdictions through the Vital Statistics 

Cooperative Program.

19. CDC. Summary Health Statistics Tables for U.S. 

Adults: National Health Interview Survey, 2017, Table 

A-1b, A-1c. Available at: https://ftp.cdc.gov/pub/Health_

Statistics/NCHS/NHIS/SHS/2017_SHS_Table_A-1.pdf

20. Heidenreich PA, Trogdon JG, Khavjou OA, et al. 

Forecasting the future of cardiovascular disease in the 

United States: a policy statement from the American 

Heart Association. Circulation. 2011 Mar 1;123(8):933-44.

21. Frost and Sullivan. Hidden health crisis costing 

America billions: Underdiagnosing and undertreating 

obstructive sleep apnea draining healthcare system. 

American Academy of Sleep Medicine. 2016. Available 

at: https://aasm.org/resources/pdf/sleep-apnea-

economic-crisis.pdf

2019 FEATURE REPORT sleepreviewmag.com • 7



Care Orchestrator


