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     Sleep-disordered breathing (SDB) encompasses 
a diverse group of disorders characterized by 

abnormal respiration during sleep. Although com-
monly associated with obstructive or central sleep 
apnea syndromes, SDB also complicates diseases 
of the neuromuscular system (eg, amyotrophic lateral 
sclerosis), chest wall (eg, kyphoscoliosis and obesity), 
heart (congestive heart failure [CHF]), and lung (eg, 
COPD).  1   Most forms of SDB are generally viewed as 
chronic conditions whose adverse effects are expressed 
gradually over months to years. However, some patients 
with SDB may present with acute cardiopulmonary 
failure largely or entirely due to decompensated SDB. 

Such patients may be given a misdiagnosis if the cli-
nician is not alert to the possibility of SDB as a cause 
of acute illness, leading to the administration of inef-
fective and potentially harmful therapies in the acute 
setting and a missed opportunity for long-term treat-
ment upon hospital discharge. Indeed, without defi ni-
tive long-term treatment of SDB, such patients are 
at risk of future episodes of cardiopulmonary fail-
ure and death, even when short-term stabilization is 
achieved. 

 Unfortunately, multiple factors confound the timely 
diagnosis of acute cardiopulmonary failure from SDB. 
SDB is relatively common but it may be subtle in its 
presentation.  2   Furthermore, many affected patients 
have not yet received a diagnosis at the time of 
presentation to the ICU. Full montage polysomnog-
raphy (PSG) is labor intensive and is not routinely 
available in many ICUs. Finally, the presence of other 
common comorbidities such as asthma or diastolic 
heart failure may distract the clinician from consid-
ering latent SDB. Because of these issues and because 
successful therapy for obstructive sleep apnea (OSA) 
requires specifi c interventions, a high index of suspi-
cion is necessary. 

 We believe that physicians should routinely con-
sider decompensated SDB in the differential diagno-
sis of acute cardiopulmonary failure. To inform timely 
diagnosis and therapy, this review presents an overview 
of the acute cardiopulmonary manifestations of SDB, 
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focusing on acutely decompensated OSA, the obesity 
hypoventilation syndrome (OHS), and the so-called 
“overlap syndrome” of patients with both COPD and 
OSA. An exhaustive review of these disorders is 
beyond the scope of this article. Instead, we describe 
three clinical phenotypes of acute cardiopulmonary 
failure that may be seen in patients with these disor-
ders, including acute ventilatory failure, acute CHF, 
and sudden death.  

 OSA: a Major Cause of SDB 

 Population-based studies have shown that the 
prevalence of moderate or severe OSA (defi ned as 
apnea-hypopnea index [AHI]  �    15) is 7% to 14% in 
men and 2% to 7% in women.  3   Still, the vast majority 
of affected individuals in the community have prob-
ably not been given this diagnosis.  4 , 5   Typical clinical 
features should prompt suspicion for OSA, including 
unrefreshing sleep, excessive daytime somnolence, 
witnessed apneas or choking during sleep, loud snor-
ing, morning headaches, diffi culty concentrating, and 
depressed mood or energy. 

 When the history is not available or is inconclusive, 
clinicians may need to base a presumptive clinical 
diagnosis on the presence of known or putative risk 
factors, including older age, increased BMI, increased 
waist and neck circumference, crowded oropharynx, 
high Mallampati score, short mandibular length, 
and alcohol or sedative use.  2 - 3   Prolonged bedside 
observation may reveal the presence of excessive day-
time somnolence or obstructive respiratory events, 
and nursing reports of intermittent and cyclic noc-
turnal desaturation should prompt consideration 
of SDB. Laboratory data are occasionally helpful: 
polycythemia is infrequent but it suggests long-
standing hypoxemia in this context. The presence 
of an elevated bicarbonate level may implicate OHS 
or other causes of chronic ventilatory failure, and an 
arterial blood gas measurement should be obtained.  6   

 An increasing body of evidence links OSA to 
hypertension, coronary artery disease, CHF, stroke, 
impaired glucose metabolism, arrhythmia, and neu-
rocognitive abnormalities.  7   Furthermore, several large, 
prospective, longitudinal, population-based studies 
have shown that OSA is associated with an increased 
risk of all-cause mortality, particularly in cases of severe 
OSA and in middle-aged men.  8 - 13   

 Recent research has elucidated the mechanisms by 
which OSA leads to adverse health effects. OSA 
is characterized by repeated cycles of upper airway 
obstruction  , apnea, and arousal.  14   This causes repeti-
tive cycles of intermittent hypoxemia and sympathetic 
activation, with numerous deleterious consequences, 
including adverse mechanical cardiopulmonary inter-
ac tions, endothelial dysfunction, infl ammation, and 

impaired glucose metabolism.  7   Accordingly, OSA may 
be particularly dangerous when superimposed upon 
chronic diseases such as CHF and COPD,  15   under-
scoring the importance of identifying untreated OSA 
in the setting of decompensated cardiopulmonary 
disease.  

  The Role of Obesity in SDB 

 The relationship between obesity and SDB deserves 
further consideration before we address the broader 
problem of acute cardiopulmonary failure in SDB. 
Obesity is a major risk factor for OSA, and BMI and 
other measures of adiposity such as an increased neck 
circumference and a high waist to hip ratio correlate 
with its severity as measured by the AHI.  16 , 17   Alarm-
ingly, there has been a dramatic rise in severe obesity 
(BMI  �    40 kg/m 2 ) over the past 2 decades.  18       

 However, uncomplicated OSA is not the only form 
of SDB in obese patients. Obese patients display a 
spectrum of abnormal breathing during sleep, and 
some obese patients develop reduced daytime ven-
tilation.  19   These latter patients are said to have 
OHS, defi ned by the presence of awake hypercapnia 
(room air resting Pa co  2   �    45 mm Hg at sea level) 
and SDB in patients with BMI  �    30 kg/m 2  (after 
other causes of hypercapnia have been excluded).  17   
Although OSA is not necessary for the diagnosis of 
OHS, it is present in 90% of all patients with OHS.  20   
In obese patients with chronic hypoventilation, day-
time hypercapnia is associated with severity of OSA, 
higher BMI, and degree of restrictive chest wall 
mechanics.  21   In summary, breathing during sleep may 
have a variable relationship with obesity, with three 
main groups of patients: obese patients with normal 
breath ing during sleep, obese patients with OSA but 
with normal daytime ventilation, and obese patients 
with nighttime and daytime hypoventilation (OHS), 
most of whom have concurrent moderate to severe 
OSA.  

  Phenotypes of Acute Cardiopulmonary 
Failure in SDB 

 There are few prospective studies that have sys-
tematically addressed the problem of acute car dio pul-
monary failure from SDB. Most evidence implicating 
SDB in acute cardiac or respiratory failure comes 
from laboratory experiments, retrospective and descri p-
tive studies, case reports, and extrapolation from 
related clinical studies. From these, we can identify 
three main phenotypes, which we discuss following. 
These syndromes may occur in isolation but may 
develop more often in patients with comorbid car-
diopulmonary disease.   
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 Acute Ventilatory Failure 

 Characterized by inadequate alveolar ventilation, 
this form of respiratory failure is marked by acute or 
acute-on-chronic respiratory acidosis. Specifi c causes 
are diverse and often multifactorial and result from 
an imbalance among respiratory drive, strength, and 
load. Patients with SDB are susceptible to ventilatory 
failure from a variety of insults ( Figure 1   ).  22   Although 
many such patients are readily given a diagnosis of 
acute ventilatory failure after routine evaluation, 
patients who present with the more subtle manifesta-
tions of decompensated SDB, such as lethargy and 
confusion, may be given a misdiagnosis if SDB is 
not considered.      

 Ventilatory Failure Related to OSA:   In patients 
with OSA, acute ventilatory failure may develop when 
illness increases ventilatory load or when medications 
acutely attenuate respiratory drive or airway patency. 
The latter phenomenon is an important considera-
tion in postoperative patients with OSA.  23   Anesthetic 
agents may promote hypoventilation by affecting 
upper airway patency while simultaneously causing 
respiratory depression, effects that may persist over 
several days.  24   Similarly, medical patients with iso-
lated OSA may develop acute ventilatory failure in 
the setting of acute neuromuscular weakness, new 
toxic or metabolic encephalopathy, pharmacologically 
induced CNS depression, acute sleep deprivation, 
or other disorders that affect airway patency or 
respiratory drive.  25 , 26     

 Ventilatory Failure in Patients With OSA and 
COPD:     The phrase “overlap syndrome” has been used 
to describe the coexistence of OSA and COPD in the 
same patient. The prevalence of this syndrome among 
consecutive patients with OSA is between 10% and 
15%.  6 , 27 , 28   The prevalence of COPD in patients with 
OSA, however, is similar to its prevalence in the 
general population.  29   

 The overlap syndrome has important pathophys-
iologic consequences. Patients with the overlap 
syn drome experience profound nocturnal oxygen desat-
uration and are more likely to have abnormal daytime 
blood gas values than are patients with either COPD 
or OSA alone.  30   Correspondingly, right-sided heart 
failure (cor pulmonale) is common.  31   A stark illustra-
tion of the synergy between OSA and COPD is evi-
dent in a clinical study that found that 86% of overlap 
patients had pulmonary hypertension, compared with 
16% of patients with OSA alone.  32   Finally, some data 
suggest that patients with the overlap syndrome have 
a blunted CNS response to hypercapnia.  33   

 In the overlap syndrome, the pathophysiologic syn-
ergy may cause chronic hypercapnia at a lower BMI 

than that of patients with OHS, and at a higher FEV 1  
than that of hypercapnic patients with severe COPD. 
The cause of this hypoventilation is likely multifactorial 
and is not entirely explained by measures such as 
AHI, BMI, or pulmonary function studies.  28   

 Patients with the overlap syn drome are vulnerable 
to developing acute venti latory failure. Sleep hypoven-
tilation, particularly during rapid eye movement 
sleep, is common in patients with COPD who present 
with hypercapnic respiratory failure.  34 , 35   In addition, 
patients with the overlap syndrome are at increased 
risk of death and hospitalization due to COPD com-
pared with patients with only COPD of similar 
severity.  36   These data reinforce the importance of 
considering OSA when patients present with venti-
latory failure otherwise attributed to COPD. This is 
particularly true given that many COPD exacerbations 
are not associated with an obvious cause, leaving open 
the possibility that untreated OSA has a role.  36 , 37     

 Ventilatory Failure in Patients With OHS:     Similar 
to patients with the overlap syndrome or with uncom-
plicated COPD, patients with OHS may present with 
acute-on-chronic respiratory failure. Hypercapnia 
has been reported to be present in 10% to 20% 
of obese ambulatory patients with OSA.  16   More-
over, in a case series of obese patients with OSA 
and respiratory failure, all patients had evidence of 
acute-on-chronic respiratory acidosis.  38   Alarmingly, 
even though the chronic hypoventilation of OHS is 
associated with excess morbidity and mortality in 
obese patients, it is frequently underdiagnosed and 
undertreated.  39 , 40   

 The effects of obesity on respiration are complex. 
Obesity reduces the compliance of the lung and the 
chest wall, while increasing airways resistance.  41   Obese 
patients have a blunted central response to hypercapnia 
and may also have relative neuromuscular weakness, 
with increased work of breathing.  1 , 16 , 42   Finally, obesity 
imposes a higher oxygen cost of breath ing and increases 
CO 2  production.  43 , 44   In summary, excess body fat 
imposes substantial mechanical and metabolic loads 
on the respiratory system and may also affect respira-
tory drive and strength. 

 In the context of these chronic pathophysiologic 
changes, the effects of acute insults are likely magni-
fi ed. In severely obese patients with OSA (most of 
whom have OHS), ventilation may be seriously com-
promised by even small increases in acute airfl ow 
obstruction or ventilatory load, or by minor depres-
sion of neuromuscular competence. Furthermore, 
even without new acute insults, patients with OSA may 
develop acute hypercapnia during sleep if there is 
insufficient ventilation time between nocturnal 
apneas to exhale the accumulated CO 2 .  45   Given these 
observations, it is imperative to suspect OSA when 
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obese patients develop seemingly acute ventilatory 
failure. 

 In patients with the overlap syndrome or OHS, 
acute ventilatory failure likely develops because of a 
“vicious cycle” ( Figure 2 ).  7   At baseline, these patients 
have both intrathoracic and extrathoracic airfl ow 
obstruction. Acute insults (such as infection, pulmo-
nary edema, or pulmonary embolism) may lead to the 
typical consequences of muscle fatigue, hypoventi-
lation, and sleep deprivation. Crucially, however, in 
patients with concurrent OSA, sleep deprivation may 
worsen upper airway obstruction,  46   further compro-
mising ventilation. Even as Pa co  2  rises, some patients 
with the overlap syndrome or obesity have a blunted 
ventilatory response, and catastrophic acidosis and 
hypoxemia may result from seemingly small insults.       

  Acute CHF 

 Heart failure is associated with multiple patterns of 
abnormal breathing during sleep. One distinctive 
pattern, Cheyne-Stokes respiration with central sleep 
apnea, occurs mostly in patients with severe chronic 
heart failure and hypocapnia and is associated with a 
worse prognosis.  47   The management of this condition 
is controversial and is beyond the scope of this review. 
We instead focus on the role of OSA in acutely dec-
ompensated heart failure. 

 An association between OSA and heart failure 
has been shown in multiple clinical reports. In a 
recent prospective study of 395 consecutive patients 
admitted with acute decompensated heart failure 
who were able to complete inpatient sleep stud-
ies, Khayat et al  48   found that SDB was present in 
298 patients and that OSA was the predominant 
form of SDB (226 out of 298 patients, or 75%). In 
the Sleep Heart Health Study, one of the largest, 
prospective, longitudinal, community-based studies 
of OSA, 4,422 patients who were free of heart dis-

ease at the time of baseline PSG were followed for 
a median of 8.7 years.  49   The investigators found that 
OSA was signifi cantly associated with incident heart 
failure in multivariate analysis. 

 Multiple phenomena may converge to cause acute 
heart failure in OSA ( Figure 3 ).  50   During apnea events, 
patients with OSA generate substantial negative 
intrathoracic pressure as respiratory efforts continue 
against a partially or totally obstructed upper airway. 
This causes a dramatic increase in afterload, culmi-
nating in decreased left ventricular (LV) stroke volume.  51   
One group estimated that, for each 10 cm H 2 O fall in 
esophageal pressure below  2    10 cm H 2 O, LV stroke 
volume falls by 6.3 mL.  52   Patients with OSA may 
develop intrathoracic pressures as low as  2    70 cm H 2 O.   

 These effects on LV afterload and myocardial work 
may be particularly important in patients with coro-
nary artery disease. Scharf et al  53   examined the effect 
of large negative intrathoracic pressure swings in 
patients undergoing radionuclide ventriculography. 
During a Mueller maneuver, 64% of patients with 
coronary artery disease developed regional wall motion 
abnormalities, whereas patients without coronary artery 
disease maintained normal wall motion. 

 In addition to these mechanical interactions, noc-
turnal myocardial ischemia may contribute to epi-
sodes of acute heart failure in patients with OSA. 
Intermittent hypoxia and repeated surges in sym-
pathetic activity during arousal increase myocardial 
oxygen demand and compromise myocardial oxygen 
supply.  13   Susceptible patients are, therefore, vulner-
able to acute ischemic LV dysfunction.  14 , 54   Indeed, 
patients with nocturnal onset of myocardial ischemia 
have a high likelihood of having OSA, suggesting 
that acute neurohormonal and hemodynamic abnor-
malities of OSA may be a trigger for myocardial 
infarction.  55   

 Nocturnal cycles of apnea, hypoxemia, and arousal 
may also cause acute CHF by inducing arrhythmias. 

  
 Figure 1.      Mechanisms of ventilatory failure. OHS  5  obesity hypoventilation syndrome. (Adapted with 
permission from Schmidt and Hall 22 )     
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Signifi cant evidence shows an association between 
OSA and atrial fi brillation.  56 , 57   Moreover, in patients 
younger than 65 years, obesity and nocturnal oxygen 
desaturation are signifi cantly associated with incident 
atrial fi brillation.  56   Therefore, atrial fi brillation repre-
sents another mechanism through which OSA can 
lead to acute heart failure. 

 Interestingly, just as OSA may cause acute CHF, 
decompensated heart failure may worsen OSA. Heart 
failure leads to fl uid retention. When affected patients 
sleep in the supine or recumbent positions, fl uid is 
displaced from the legs into the thorax and neck. Sev-
eral investigators have shown that such rostral fl uid 
displacement causes extrathoracic airfl ow obstruc-
tion by worsening pharyngeal collapsibility.  58   In this 
regard, patients with comorbid OSA and CHF may 
also develop a vicious cycle, analogous to the one 
discussed previously for patients with the overlap 
syndrome or OHS. Indeed, the Sleep Heart Health 
Study investigators recently reported that incident 
cardiovascular disease was independently associated 
with worsening of SDB over 5 years.  59   The mutually 
reinforcing interactions between OSA, heart failure, 
fl uid retention, and worsening pharyngeal obstruc-
tion may underlie many episodes of acute CHF. 

 The phenomena outlined above are likely directly 
relevant in OSA patients with established CHF. How-
ever, a clinical syndrome of acute pulmonary edema 
has been reported in OSA, without LV dysfunction. 
In an animal model of obstruction, Fletcher et al  60   
showed that pulmonary edema developed after as little 
as 8 h, despite normal pulmonary capillary wedge pres-
sure and cardiac function. Similarly, multiple reports 

  
 Figure 2.      Proposed “vicious cycle” of acute ventilatory failure in 
patients with obstructive sleep apnea (OSA). Diverse acute insults 
may occur (eg, pulmonary embolism, infection, or abdominal sur-
gery). Because obese patients or patients with overlap syndrome 
have substantial chronic respiratory loads, they develop hypoven-
tilation with a lower degree of acute insult. OSA compounds this 
hypoventilation because some patients with OSA have a blunted 
ventilatory response to hypercapnia. As respiratory failure pro-
gresses to somnolence and exhaustion, upper airway tone is com-
promised, further loading the respiratory system, and reinforcing 
the deleterious effects of the acute load. See  Figure 1  legend for 
expansion of abbreviations.    

describe a syndrome of acute pulmonary edema in 
patients with OSA but normal LV function.  61 , 62   The 
mechanism of this pulmonary edema is unclear. It 
may be related to the mechanical interactions and 
other phenomena outlined above, or it may refl ect the 
development of so-called “negative pressure edema” 
as respiratory effort persists against an obstructed 
upper airway. However, regardless of LV function, 
clinicians should suspect untreated OSA when obese 
patients present with acute pulmonary edema or CHF.   

 Acute Cor Pulmonale:     OSA has received much 
atten tion as a cause of pulmonary hypertension, but 
its role in isolated severe acute right-sided heart fail-
ure is probably limited. Although it has been reported 
that pulmonary hypertension can be present in 20% 
to 40% of patients with isolated OSA, the degree 
is usually mild.  14 , 63   Factors such as age, BMI, lung 
function, and comorbid left-sided heart disease are 
more important than AHI as determinants of severe 
pulmonary hypertension in patients with OSA.  64 , 65   
Accordingly, when confronted with acute cor pulmo-
nale in patients with OSA, clinicians should search 
for other causes of pulmonary hypertension, in addi-
tion to OSA, including coexisting diastolic dys func-
tion, OHS, COPD, chronic thromboembolic disease, 
and others. Indeed, severe pulmonary hyper tension 
should never be assumed to be due to OSA alone. 

 In patients with acute cor pulmonale, respiratory 
failure can be particularly challenging to treat. Insti-
tuting mechanical ventilation may provoke hemo-
dynamic instability, sometimes with catastrophic 
consequences. Positive pressure ventilation reduces 
right ventricular stroke volume (and consequently 
cardiac output) by reducing venous return.  66 , 67   This 
effect may be poorly tolerated in some patients with 
right-sided heart failure. In addition, positive pressure 
ventilation has complex effects on pulmonary vascu-
lar resistance, reducing it in circumstances in which 
hypoxic pulmonary vasoconstriction is alleviated  68   but 
increasing it when lung hyperinfl ation occurs.  69   These 
effects are likely to be less prominent with noninva-
sive ventilation (NIV) than with conventional mechan-
ical ventilation, providing a further rationale for the 
use of NIV in these circumstances. Still, patients should 
be monitored closely, and if endotracheal intubation 
is anticipated, preparations should be made to sup-
port the circulation simultaneously. Volume boluses 
should be used cautiously, and the use of inotropes 
and vasopressors is often required.  70     

 Sudden Death 

 Sudden death is an extreme manifestation of acute 
cardiopulmonary failure from OSA.  71   The associa-
tion between OSA and sudden cardiac death is most 
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apparent in outpatient studies. Doherty et al  72   found 
that sudden unexpected death was more likely in 
untreated OSA patients than in patients receiving 
continuous positive airway pressure (CPAP) therapy. 
Another seminal report found that OSA patients were 
much more likely to experience sudden death during 
the nighttime hours.  73   Intensivists may encounter this 
phenomenon when patients are brought to the ICU 
after being resuscitated from out-of-hospital cardiac 
arrest. However, these data also suggest that patients 
with OSA may be at risk of sudden, in-hospital car-
diac arrest, particularly if left untreated. 

 Multiple phenomena may cause sudden death in 
OSA patients. OSA is strongly associated with arrhyth-
mias including malignant ventricular rhythms, which 
could cause sudden death.  74 , 75   Such arrhythmias 
would be particularly dangerous in patients with 
signifi cant concurrent heart or lung disease. Sudden 
death may also result from extreme hypoxemia, par-
ticularly in morbidly obese patients with OSA. Obe-
sity reduces the functional residual capacity, meaning 
that the lungs contain much less oxygen at end-
expiration. With apnea, oxygen reserve is limited, and 
obese patients are well known to desaturate quickly. 
However, when the functional residual capacity is 
further reduced by acute illness, altered chest wall 
mechanics, or atelectasis, obstructive respiratory events 

  
 Figure 3.      Mechanisms of cardiac dysfunction in OSA. HR  5  heart rate; LV  5  left ventricle; SNA  5  sym-
pathetic nervous system activity. See  Figure 2  legend for expansion of other abbreviations. (Reprinted 
with permission from the American Thoracic Society. 50 )     

will cause abrupt and extreme oxygen desaturation.  76 , 77   
Rigorous clinical data are limited, but it is reasonable 
to infer that such periods of extreme hypoxemia may 
precipitate sudden death in susceptible patients, pos-
sibly by provoking arrhythmias or cardiac dysfunction. 

 Finally, sudden death may result from failure of 
the homeostatic response to pharyngeal closure. Nor-
mally, upper airway obstruction from OSA is resolved 
by either arousal or arousal-independent refl exive 
opening of the upper airway. However, if these mech-
anisms are attenuated, hypoxemia and hypoventi-
lation will worsen, causing cerebral and myocardial 
ischemia. As evidence of this, Khoo et al  78   reported 
the case of a 37-year-old with OSA and recurrent, 
nocturnal, in-hospital cardiac arrest. When the patient 
was studied with PSG, a 3-min apnea during which 
the oxygen saturation dropped   from 100% to 30% 
was observed. Cyanosis and diffuse electroencepha-
lographic slowing occurred. This apnea was only ter-
minated when the technician awoke the patient. This 
intriguing fi nding suggests that some episodes of 
“sudden” cardiac arrest among hospitalized patients 
may refl ect untreated OSA, particularly if acute sleep 
deprivation or another condition affecting the arousal 
mechanism and threshold (such as administration of 
sedatives and narcotics even at judicious doses) has 
developed during the course of hospitalization.   
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 Critical Care Considerations 

 Suspicion of SDB as a cause of acute cardiopulmonary 
failure should prompt several considerations ( Table 1 ). 
First, when decompensated SDB is suspected in 
patients with established or impending ventilatory 
failure, NIV should be instituted immediately, as long 
as no contraindications are present. In this setting, 
failure of NIV should be recognized promptly ( Table 2 ). 
Rapid recognition and treatment of OSA or OHS 
may interrupt the vicious cycle of ventilatory failure 
and avert further deterioration, but the effective use 
of NIV requires both a frequent bedside presence by 
trained personnel as well as careful attention to detail 
(see  Table 2 ).         

 CPAP has been compared with bi-level positive 
airway pressure (PAP) in several randomized con-
trolled trials of patients presenting with acute cardio-
genic pulmonary edema. These studies reported no 
difference between these two modalities in terms of 
time to resolution of hypercapnia or need for endotra-
cheal intubation and mechanical ventilation.  83 - 86   How-
ever, CPAP and bi-level PAP therapy have not been 
systematically compared in patients with noncardio-
genic acute hypercapnic respiratory failure. We believe 
bi-level PAP should be considered fi rst-line therapy 
for noninvasive ventilatory support in patients with 
hypoventilation and SDB. This mode provides inspi-
ratory positive airway pressure (IPAP) and expiratory 
positive airway pressure (EPAP), each of which are 
set independently. EPAP maintains upper airway 
patency, whereas the difference between the IPAP 
and the EPAP supports ventilation. Therefore, 
increasing the level of IPAP over EPAP will lead 
to larger tidal volumes and increased ventilation. In 
obese patients, the EPAP typically needs to be set at 
a higher level than that for patients requiring NIV 
due to neuromuscular disease or acute exacerbation 
of COPD. 

 IPAP and EPAP settings should be tailored to each 
patient. A reasonable starting point is to set EPAP at 
5 cm H 2 O and IPAP at 10 cm H 2 O if there is no prior 
PSG to guide the clinician. Effective treatment 
should result in adequate tidal volumes (typically, 
6-8 mL/kg ideal body weight) and a reduction in the 
work of breathing. Arterial blood gases may improve 
as well, but in our experience do not always do so 
acutely, even in patients who ultimately are successfully 
treated with NIV, and, therefore, should not be inter-
preted in isolation. Higher settings are frequently 
required, however. In studies that have reported sig-
nifi cant improvement in hypercapnia and hypoxia 
with bi-level PAP therapy, the IPAP was set at least 8 
to 10 cm H 2 O above EPAP in order to achieve ade-
quate ventilation. Furthermore, patients with OHS 
in chronic steady state typically require an IPAP of 16 

to 20 cm H 2 O and an EPAP of 8 to 10 cm H 2 O.  20 , 87   
Therefore, clinicians should note that higher pressures 
may be needed to adequately splint open the upper 
airway and to ventilate the patient. In gen eral, how-
ever, patients have diffi culty tolerating IPAP above 
20 cm H 2 O. 

 In addition to selecting appropriate NIV settings 
and titrating them carefully, clinicians should appre-
ciate the need for proper equipment and support 
staff. Clinicians should ensure that the mask fi ts 
appropriately in order to minimize air leak and opti-
mize patient comfort. Furthermore, the benefi ts of 
having an attentive and experienced respiratory ther-
apist available cannot be overstated. 

 When instituting NIV, the clinician should be 
mind ful of its effects on left- and right-ventricular 

 Table 1   — Critical Care Considerations in the Patient 
With Suspected Sleep-Disordered Breathing   

  Recommendation Rationale  

  Consider comorbid OSA, OHS, 
or the overlap syndrome in 
patients with ventilatory 
failure.

Many patients with SDB have 
not received a diagnosis at the 
time of acute cardiopulmonary 
failure. 

 Failure to diagnose SDB may 
lead to increased morbidity or 
mortality. 

 Look for and treat OSA in CHF. NIV may improve left ventricular 
ejection fraction and outcomes. 

 Consider OSA in patients who 
survive cardiac arrest.

Untreated OSA may represent a 
potentially reversible cause of 
sudden death. 

 Consider early empiric NIV 
for ventilatory failure in 
appropriate candidates.

SDB is treated directly and 
complications of endotracheal 
intubation and sedation are 
avoided. 

 Consider extubation to NIV 
as a liberation strategy when 
patients require endotracheal 
intubation.

NIV may reduce postextubation 
respiratory failure. 

 Some obese patients are capable 
of spontaneous breathing even 
though they do not meet the 
traditional success criteria on 
spontaneous breathing trials. 

 Consider performing 
spontaneous breathing 
trials on higher CPAP 
or PEEP levels.

Higher levels of end-expiratory 
pressure may be necessary 
to offset increased chest wall 
elastic load even when lung 
compliance is acceptable. 

 Use sedation and analgesia 
judiciously.

Opiates and benzodiazepines 
promote pharyngeal 
collapsibility, blunt respiratory 
drive, and impair the arousal 
mechanism. 

 Limit sleep disruption at night. SDB is worsened by sleep 
deprivation. 

 Arrange close follow-up 
with sleep specialist.

Chronic SDB should be formally 
diagnosed and treated.  

   CHF  5  congestive heart failure; CPAP  5  continuous positive airway 
pressure; NIV  5  noninvasive ventilation; OHS  5  obesity hypo ventilation 
syndrome; OSA  5  obstructive sleep apnea; PEEP  5  positive end-
expiratory pressure; SDB  5  sleep-disordered breathing .   
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function.  88   NIV improves LV function by reducing 
LV afterload and preload. Indeed, NIV (specifi cally, 
CPAP alone) is a class IIa recommendation by the 
European Society of Cardiology for the treatment 
of respiratory failure due to pulmonary edema,  89   
although caution is advised in patients with cardio-
genic shock and right ventricular failure, for the 
reasons discussed previously, or in patients with myo-
cardial ischemia or arrhythmias.  88   

 If endotracheal intubation is required, some 
patients with OSA and/or OHS may benefi t from NIV 
imme diately after extubation. A recent trial found that 
this strategy led to a signifi cant reduction in the risk 
of postextubation respiratory failure in severely obese 
patients.  90   Although this study did not report the 
severity of OSA, it supports the view that the routine 
application of NIV after extubation may be benefi cial 
in obese patients with severe OSA or OHS. 

 Sedation and analgesia should be used judiciously 
in patients with SDB and acute cardiopulmonary 
failure. When used overzealously to facilitate invasive 
mechanical ventilation, opiates and sedatives may 
hinder liberation. As discussed above, many sedatives 
and analgesics promote pharyngeal collapse, and their 
effects may persist for several nights after they are 
discontinued. Accordingly, some authors recommend 
limiting opiate doses in patients with OSA, and con-
sidering alternative or adjunctive agents such as ket-
amine or dexmedetomidine.  24   

 Finally, long-term treatment with NIV may improve 
morbidity and mortality in appropriate patients with 
hypoventilation or CHF.  7 , 8 , 36 , 40 , 58 , 91 - 93   Nocturnal posi-
tive pressure ventilation should almost always be 

 Table 2   — Ensuring Effective Noninvasive Ventilation   

  Assess for conditions that may reduce effi cacy or increase harm from 
NIV, including hemodynamic instability, multiple organ failure, 
abdominal distension, agitation, excessive secretions, 
or upper GI bleeding. 

 Ensure appropriate mask fi t. Most critically ill patients require 
oronasal or full-face masks. 

 Monitor and minimize leak. 
 Set initial bi-level PAP settings at 10/5 cm H 2 O to promote tolerance, 

but reassess frequently. Most patients require higher inspiratory 
and expiratory pressures to treat OSA and to achieve adequate 
ventilation. 

 Titrate IPAP to achieve effective minute ventilation (tidal volume 
of 6-8 mL/kg ideal body weight). 

 Administer supplemental oxygen to achieve saturation between 90% 
and 93%. (In a  subgroup of patients with COPD and OHS exces-
sive oxygen supplementation can worsen hypoventilation).  79 - 82   

 Reassess patients at least every 30 min  during the initial phase of NIV. 
 Monitor closely for NIV failure. Potential signs include 

hemodynamic instability, agitation, combativeness, persistent 
snoring or apneas, or lack of improvement in hypercapnia 
or hypoxia.  

   IPAP  5  inspiratory positive airway pressure; PAP  5  positive airway 
pressure. See  Table 1  legend for expansion of other abbreviations.   

continued after the resolution of critical illness, and 
prompt follow-up with a sleep specialist should be 
arranged. It may be useful to obtain a formal inpa-
tient sleep study prior to hospital discharge in order 
to confi rm the diagnosis of SDB and prescribe appro-
priate therapy. Furthermore, many such patients will 
likely benefi t from additional in-laboratory PSG and 
PAP titration with or without supplemental oxygen 
1 to 3 months after hospital discharge, when therapy 
can be titrated in a more stable clinical state.  94   How-
ever, implementation of PAP therapy should not be 
delayed while awaiting PSG.   

 Conclusion 

 Commonly thought of as a chronic problem, SDB 
may manifest as acute ventilatory failure, CHF, and 
sudden death. Clinicians should routinely suspect 
decompensated SDB in patients presenting with 
theses syndromes. If the role of SDB in acute critical 
illness is not recognized, clinicians may miss an 
important opportunity to impact long-term symp-
toms and outcomes.     
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