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Abstract

Sleep disorders in chronic obstructive pulmonary disease (COPD) can occur in 60-70% of patients. They have
adverse outcome in terms of both morbidity and mortality of COPD. The various sleep disorders seen in COPD are
insomnia, restless leg syndrome (RLS), obstructive sleep apnea (OSA), nocturnal hypoventilation, and nocturnal
oxygen desaturation (NOD). Of these disorders,insomnia and RLS can be diagnosed on history. OSA, sleep
hypoventilation, and NODmay require type I polysomnography with/without transcutaneous or exhaled CO2
monitoring. Management consists of either conservative management or drug therapy for insomnia and RLS. If
pharmacotherapy is required, ramelteon for insomnia and dopaminergic drug for RLS may be given. Treatment of
OSA is continuous positive airway pressure, which relieves both OSA and COPD. Nocturnal hypoventilation usually
requires oxygen along with noninvasive ventilator. Treatment of only NOD is controversial, but nocturnal oxygen
may be given after ruling out nocturnal hypoventilation. This review emphasises the need of sleep disorders
evaluation for comprehensive management of COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD)
has a high and increasing morbidity and mortality
worldwide and is estimated to be the third

leading cause of death by 20201. COPD exhibit worse
sleep quality and more sleep-related problems when
compared with other chronic health problems2. Sleep-
related problems in COPD are insomnia,restless leg
syndrome (RLS), overlap syndrome or comorbid
obstructive sleep apnea (OSA), nocturnal sleep
hypoventilation, and nocturnal oxygen desaturation
(NOD)3. These disorders diminish quality of life and
lead to multifarious adverse consequences.

Prevalence

More than 50% of patients report noteworthy disturbance
in sleep quality4. It has been estimated that the prevalence
of sleep disturbance varies from 34% to 78% in various
studies5-13. A study by Price et al13. showed that, although
78% of patients reported nighttime symptoms, only 67%
of clinicians reported that their patients were bothered
at night. Thus, the prevalence is underestimated.
Although comprehensive evaluation of all sleep disorders
in COPD has not been reported in a single study,
different studies have evaluated different sleep disorders
and shown prevalence as follows: RLS,29-36% patients14-16;
overlap syndrome or comorbid OSA, 11–16%
patients17,18; insomnia, 27-53% patients5,19; and NOD,
38-40% patients with moderate-to-severe COPD.
Although the exact prevalence of sleep hypoventilation
is not known in COPD, high body mass index (BMI),
elevated baseline PaCO

2
, and increased time spent in

rapid eye movement (REM) sleep are predictors of the
severity of sleep hypoventilation3,20,21.
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Pathogenesis

The pathogenesis of sleep disorders is spearheaded by
both sleep impacting respiration in COPD patients and
impaction of COPD on sleep.

Impact of Sleep on COPD,i.e.,Effect of
Sleep on Ventilation in COPD Patients

There are normal physiological adaptations during sleep,
which result in mild hypoventilation in normal
subjects.These changes are more pronounced during
REM sleep compared with non-REM sleep22. These
physiological changes during sleep are: (1) diminished
respiratory center control in terms of decreased input
and output resulting in reduced tidal volume and minute
ventilation,23,24 (2) circadian changes in airway caliber
leading to mild nocturnal bronchoconstriction,25

(3)decreased ribcage contribution to breathing owing to
a marked reduction in accessory muscle activity,26 and
(4) reduction in functional residual capacity (FRC)
because of respiratory muscle hypotonia, cephalad
displacement of the diaphragm, and a decrease in lung
compliance leading to ventilation/perfusion (V/Q)
mismatch.These changes are worse in COPD patients
compared withnormal individuals22.

Apart from these physiological anomalies during
sleep, COPD patients can also exhibit: (1) shift in the
oxyhemoglobin dissociation curve owingto baseline
hypoxemia. This leads to a greater fall in SaO

2
when they

hypoventilate during sleep1,17. (2) Accessary muscles
activity, which is essential for some of the COPD
patients, is compromised during sleep. This leads to
massive reduction inFRC during sleep.

Impact of COPD on Sleep

Sleep is essential in humans to maintain cognitive
performance and work productivity and physical,
psychological, andemotional well-being. Sleep
disturbances in COPD patients are common27. These
sleep disturbances are related to demographic factors,
such as age (most patients with COPD are older than
50 years of age), presence of obesity, pharmacotherapy,
and disease-specific symptoms such as wheezing and
cough28. Apart from these physiological and pathological
aspects of COPD leading to sleep disturbances,they may
also experience depression and RLS, which can
compromise sleep. Thus, COPD also affects the sleep
adversely.

Sleep Disorders in COPD Patients

The common COPD and sleep-related disorders are
insomnia, RLS, overlap syndrome, sleep hypoventilation,
and NOD.

Insomnia

Definition: Insomnia is defined as difficulty falling asleep,
staying asleep, waking up too early, or having
unrefreshing sleep despite adequate opportunity and
circumstances to sleep and it results in some form of
daytime impairment3,29. Insomnia usually refers to chronic
insomnia, which is present for at least a month unless
otherwise stated30.

Prevalence: Insomnia prevalence varies from 27% to
53%5,19 in various studies. The variation in the prevalence
is owing to the variation in population and diagnostic
methodology. Although the insomnia prevalence varies
in various studies, it is definitely high in patients with
COPD when compared with those without COPD31.
Some studies suggest worse sleep in severe COPD,32

while other studies have not shown any association
between forced expiratory volume in first second (FEV

1
)

and sleep quality17,33. Some studies have demonstrated a
beneficial effect of supplemental oxygen,33-35 while others
have not31,36. Presence of depression, anxiety, and current
tobacco use, however, have shown consistently higher
prevalence of insomnia in COPD3,33.

Etiology: Many factors are likely to be responsible for
insomnia. These are3,33: (a) respiratory symptoms
including cough, sputum production, and dyspnea;(b)
nicotine use, (c) nicotine withdrawal, (d) increased work
of breathing, (e) hypoxia, (f ) increased sympathetic
activity, (g) comorbid anxiety and depression, (h)
comorbid sleep disorders including OSA and RLS, and
(i) use of medications such as theophylline. The exact
role of each one leading to insomnia has not been
ascertained. However, it appears that multiple factors
may be responsible. Nocturnal hypoxia has been shown
to cause increased sympathetic activity and
hyperarousal37-38. However, studies have not shown
improvement in insomnia with nocturnal oxygen therapy
consistently. Thus, interplay of multiple factors with
presence of underlying anxiety/depression seems to be
responsible for insomnia39-40.

Consequences: Insomnia in COPD is associated with
poor sleep quality18. The consequences of which are
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usually similar to that seen in general population. These
consequences are increased risk of diabetes and
hypertension leading to atherosclerosis, increased risk
of myocardial infarction, and worse survival. They may
also suffer from neurocognitive deficit such as poor
concentration, memory, and irritability3.

Diagnosis: Insomnia is primarily a clinical diagnosis.3

A detailed inquiry regarding nocturnal and daytime
symptoms and underlying precipitating factor should be
made. Questionnaires are useful in determining the
underlying cause, comorbid conditions, and the severity
of daytime and nocturnal symptoms. There is a possibility
of comorbid disease such as RLS, sleep apnea, nocturnal
hypoxemia, and depression in patients of COPD. Global
Sleep Assessment Questionnaire (GSAQ) is useful in
ruling out some of these comorbid sleep disorder33.
Epworth sleepiness score and fatigue severity index are
useful in assessing daytime symptoms. Insomnia Severity
Index is the most commonly used index for assessing
the patient’s perception of insomnia30. Pittsburgh Sleep
Quality Index is yet another common index useful for
measuring the quality of sleep30. When in doubt, a 2-
week sleep log should be completed before treatment.
The sleep log should include bedtime, sleep latency,
number of awakenings and duration of each awakening,
wake after sleep onset, time in bed, total sleep time,
sleep efficiency percentage,i.e., total sleep time/time in
bed×100, and nap times30. Investigations such as
actigraphy is largely limited to research arena whereas
polysomnography (PSG) is useful in ruling out any other
cause for poor quality3. Finally, an effort should be made
to identify the cause of insomnia from among the
underlying factors mentioned earlier.

Management: Evaluation for nocturnal oxygen therapy
and RLS with smoking cessation and optimum
management of COPD are the most important aspects
of management of insomnia because of COPD.
Cognitive behavioral therapy for insomnia (CBT-I) is
recommended if insomnia persists after dealing with the
above mentioned aspects of COPD. CBT-I is effective
therapy in primary insomnia owing to COPD and
appears to be superior to sedatives in the long-term,
especially because of potential hazardous effect of
pharmacotherapy41,42. Respiratory center depression and
other adverse effects precludes the use of benzodiazepine
in the management of insomnia owing to COPD.
Instead, melatonin receptor agonist, i.e., ramelteon is
preferred for the management of insomnia in COPD.
Ramelteon (8mg per night) increases sleep efficiency

without causing respiratory depression or worse
hypoxemia42-43. Another drug, which may be helpful in
the management, is doxepin, a histamine-1 receptor
antagonist. Low-dose (3-6 mg) doxepin is useful and less
likely to cause anticholinergic side effect. Other
histamine-1 receptor antagonists such astrazodone and
mirtazapine have not been adequately tried3.

Restless Leg Syndrome

Definition: RLS is a somatosensory network disorder.
Patients with RLS exhibit an urge to move and, generally,
but not solely, affects the legs44,45.

Prevalence: Studies have reported that 29.1% to 36.8%
of the COPD patients reveal RLS46. RLS is present in
2% to 15% of the general population47,48. The prevalence
of RLS has been shown to be higher in COPD patients
even in comparative studies between those with COPD
and those without COPD49.

Etiology: Although the exact pathogenesis of RLS is not
known, clinical observations suggest the role of
dopaminergic pathway as dopaminergic drugs that
alleviate the symptoms and dopamine antagonists trigger
or exacerbate them50. The impairment in dopaminergic
system is thought to be functional and metabolic rather
than anatomical. The exact mechanism by which RLS
affects COPD is yet to be clearly elucidated. However,
hypoxemia and/or hypercapnia have been considered as
causative mechanism for RLS. Hypoxia, through the
hypoxia-inducible factor-1 pathway, may lead to an
increase in tyrosine hydroxylase and vascular endothelial
growth factor. The former is a rate-limiting enzyme in
dopamine synthesis and is increased in RLS leading to
depletion of dopamine3.

Consequences: RLS exerts a huge impact on quality of
sleep and quality of life in general3. Owing to poor sleep
quality, RLS patients are more prone to the risk of
depression, anxiety, and panic disorder51. Presence of
COPD can have an additive effect on neuropsychiatric
consequences of RLS. Evolving evidence also proposes
that RLS is accompanied with metabolic dysregulation
and autonomic dysfunction. It has been shown that RLS
is probably associated with diabetes and impaired
glucose tolerance52.

Diagnosis: Diagnosis of RLS is based on a typical history
and does not need a PSG for confirmation. However,
RLS can be secondary to multiple causes ranging from
anemia, cardiovascular disease, obesity, diabetes,
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rheumatological disorders peripheral neuropathy, to
neurological disorders. These secondary causes should
be ruled out before labeling it as RLS owingto COPD.

There are four essential diagnostic criteria first
defined in 1995 and subsequently revised in 200353,54.
The diagnosis does not require any laboratory test, but
it is essential to fulfill all the criteria:

• An urge to move the legs, usually associated with
unpleasant leg sensations

• Exacerbation of symptoms by rest

• Symptom relief on activity

• Symptoms worse in the evening and at night.

The pneumonic for the same can be “URGE”55: urge to
move, rest induced, gets better with activity, and evening
and night accentuation.

Management: No specific studies have been conducted
to assess the therapy of RLS specifically in COPD
patients. For patients with mild or infrequent symptoms,
nondrug-based options may be sufficient to provide
symptom relief. It has been observed that only about
20% RLS patients require drugs56.  The
nonpharmacological management consists of avoidance
of alcohol, caffeine, smoking, over exertion, stress and
sleep deprivation, and following good sleep hygiene,
regular exercise, and relaxation techniques.

Pharmacological treatment is only required in patients
with50,57 symptoms that seriously impair quality of life,
sleep, or daytime functioning and in whom there are
more than two attacks per week despite reversal of iron
deficiency and removal of possible exacerbators/
secondary cause45. The pharmacological treatment
primarily consists of dopaminergic agents such
asropinirole, pramipexole, and rotigotine; α2 calcium-
channel ligands such as gabapentin and pregabalin; opioid
agonist such as tramadol and methadone; and
benzodiazepines57. Of these, ropinirole, 1.6-2.0 mg;
pramipexole (immediate/extended release),0.125-
0.75mg/day; and rotigotine (patch), 1-3 mg, are the most
extensively investigated and effective therapies for the
treatment of RLS and generally considered the first-line
agents. Augmentation and impulse control disorder
(ICD) are the commonly observed side effects with these
drugs. In case of side effects, it is recommended that
α2 calcium-channel ligands, which are the second most
commonly investigated drugs, should be used.
Somnolence and dizziness are the commonly observed

side effects with α2 calcium-channel ligands such as
pregabalin (100-300 mg/day) and gabapentin (300mg/
day)58. The other drugs are used only in refractory cases
as they are less effective, exertmore side effects, or have
not been well investigated.

Overlap Syndrome

Definition: Concurrence of OSA and COPD is termed
as “overlap syndrome3.”

Prevalence: The prevalence of overlap syndrome is very
different depending on the definition used in various
studies. However, one largest study of 5,954 participants,
done in conjunction with the Sleep Heart Health Study,
showed prevalence of OSA 14.0% among COPD
subjects and 18.6% in those without COPD59. Thus,
there is no difference between the prevalence of OSA in
general population and that in COPD patients.

Clinical features: The most common symptoms of OSA
patients include chronic loud snoring, excessive daytime
sleepiness (EDS), personality changes, and deterioration
of quality of life. Compared with the OSA-only group,
the overlap population tends to be older with higher
BMI59. The BMI is usually higher than in patients with
COPD alone but lower than in patients with only OSA.
They commonly do not show EDS, which makes
diagnosis difficult60. They commonly reveal hypoxemia
and hypercapnia and higher mean pulmonary artery
pressures61.

Etiology: Althoughthe coexistence of COPD and OSA
may likely just be a chance occurrence, some of the
studies have found the co-occurrence of the two disorders
more than mere coexistence62. Thus, there is a possibility
of one predisposing the other. This possibility of
increased prevalence of OSA in COPD and vice versa
is possibly owing to aggravated physiological changes
during sleep as mentioned earlier in patients with
COPD, which may lead to easy upper airway
collapsibility3. In addition, COPD patients may be using
high doses of steroid, which can cause increased neck
size and myopathy. Moreover, because of increased upper
airway edema from cor pulmonale, COPD patients may
be at increased risk of developing upper airway
obstruction3.

There is also a possibility of OSA aggravating COPD
because OSA leads to systemic inflammation, which may
contribute to lower airway inflammation3. Hypoxia from
OSA can cause upregulation of xanthine oxide reductase
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in pulmonary endothelial cells63, similar to that produced
by tobacco smoke64, which could also contribute to the
pathogenesis of COPD. Finally, smoking, obesity, allergic
rhinitis, and gastroesophageal reflux disease (GERD) if
present in either of the disorders can predispose to the
risk having the other disorder3.

Consequences: Far worse than the possibility of two
disorders coexisting together is the consequences of
having both together. Complications of overlap syndrome
are high because overlap syndrome patients show higher
risk of prolonged oxygen desaturation at night than those
with OSA alone as both COPD and OSA can lead to
hypoxemia during sleep60. Prolonged hypoxemia increases
the morbidity and mortality considerably59. It predisposes
to daytime hypercapnia and hypoxemia, which is
independent of lung function65. Pulmonary hypertension
is also higher in OSA (16%) compared with overlap
syndrome (86%)66.

Both COPD and OSA are known to cause systemic
inflammation and increased cardiovascular risk67. Thus,
there are likelihood of increased prevalence of
cardiovascular complications among patients with
overlap68. Comorbid OSA has been reported to have
increase mortality in patients with COPD by Marin et
al69. The study involved over 600 patients exhibiting
COPD alone and overlap syndrome with and without
continuous positive airway pressure (CPAP) treatment.
It was shown that there was significantly higher mortality
and number of cardiovascular deaths in patients with
untreated overlap syndrome compared with treated
overlap syndrome patients and only COPD patients.
Moreover, the morbidity, i.e., exacerbations owing to
COPD, was also significantly higher in overlap group
compared with the other two groups69. Recent work by
Mermigkis et al70. showed that, in addition to increased
morbidity and mortality, patients with the overlap
syndrome also experience significantly worse quality of
life measured with the St George’s Respiratory
Questionnaire, when compared with COPD-only control
subjects70. So, overlap syndrome increases mortality and
morbidity and decreases quality of life, which can be
significantly improved with CPAP therapy68.

Diagnosis: COPD patients with symptoms suggestive
of OSA, such as snoring or witnessed apneas,3 should
be evaluated by PSG, as EDS is not common in patients
with overlap syndrome61. In addition, in patients with
COPD, presence of pulmonary hypertension out of
proportion to the disease severity may indicate comorbid

OSA, and PSG should be considered71. The diagnosis of
OSA is based on clinical findings along with a full-night
PSG showing apnea-hypopnea index (AHI)>5. Type I
studies,i.e., in-laboratory PSG with neurocardio-
respiratory channels, are preferred over type III studies
(limited or cardiorespiratory PCSG). This is because
type III studies are not validated in overlap syndrome,72

CO
2
 monitoring for hypoventilation may be required,

and accompanying insomniacan be ruled out. Similarly,
in-laboratory titrationPSG may be better than auto-CPAP
titration.

Management: Management of comorbidities such as
allergic rhinitis and GERD is important. Similarly,
smoking cessation, lifestyle changes, and obesity
management also have salutary effect on both OSA and
COPD3. CPAP does remain the standard of care for
overlap syndrome such as OSA59. In fact, CPAP not only
improves AHI  but also counteracts auto-PEEP generated
owing to COPD. CPAP also exerta mild bronchodilator
effect, because overall inflammatory stimulus to airways
is reduced73. So, CPAP works as double-edged sword
for the management of overlap syndrome.
Correspondingly, the trial have shown that CPAP helps
in improvement of sleep apnea symptoms, spirometric
parameters (FEV

1
and forced vital capacity), and gas

exchange (PaO
2
 and PaCO

2
)73. CPAP also reduces the

number of COPD-related severe exacerbations and
hospital admissions74. In a prospective cohort of 95
patients with moderate/severe COPD (GOLD stages II-
III) and moderate/severe OSA (AHI > 15), 5-year survival
estimate was 71% in CPAP-treated patients compared
with 26% in patients on long-term oxygen therapy (LTOT)
alone75.75 Similarly, in a trial by Marin et al69. described
earlier, it was shown that overlap syndrome patients
treated with CPAP revealed significant survival benefit
over those not treated with CPAP69. It is noteworthy that
oxygen therapy, which is useful in COPD-induced
hypoxemia, shows a detrimental effect on overlap
syndrome. This is because oxygen therapy worsens CO

2

retention3. NIPPV and Bi-PAP have not been adequately
tried in overlap syndrome, but it may have beneficiary
effect in patients with associated hypoventilation76.There
are no studies on oral appliances in overlap syndrome3.

Sleep Hypoventilation

Definition: American Academy of Sleep Medicine
(AASM) in 2012 has revised the definition of nocturnal
hypoventilation to “An increase in the PaCO

2
to > 55

mm Hg for >10 minutes, or an increase in the PaCO
2
by
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>10 mm Hg above the awake supine value to a value
over 50 mm Hg for >10 minutes”77. The recent AASM
guidelines have also suggested that end-tidal PCO

2

(PETCO
2
) or transcutaneous PCO

2
 (tcPCO

2
) may be

used as surrogates of arterial PaCO
2
 for diagnostic and

tcPCO
2
for titration PSG. Since the guidelines have

included PETCO
2
 and tcCO

2
, it is much easier to detect

hypoventilation now than it was before the recent
definition.

Prevalence: Owing to difficulty in monitoring PaCO
2

during sleep, data regarding sleep-related hypoventilation
in COPD are scarce. In one of the studies on 54 stable
hypercapnic COPD patients without concomitant sleep
apnea or morbid obesity, 43% were found to reveal sleep
hypoventilation78. In yet another study of 80 clinically
stable hypercapnic COPD patients, 21% developed
nocturnal hypoventilation after a night of supplemental
oxygen therapy79. It is important to note that sleep
hypoventilation can develop on receiving oxygen therapy
which is an integral part of COPD management80.
Although most of the studies available are on stable
hypercapnic patients, it is not essential that patients of
sleep hypoventilation always exhibit daytime hypercapnia.
Sleep hypoventilation can also occur in normocapnic,
non-LTOT subjects81.

Clinical features: COPD with sleep hypoventilation
patients commonly experience morning headaches,
restless sleep, daytime sleepiness, orthopnea, recurrent
respiratory problems, and corpulmonale80.

Etiology: The mean PtcCO
2 

increases with sleep stages
and greater between deeper stages of sleep in subjects
with sleep hypoventilation versus those without sleep
hypoventilation. This supports the notion that, in COPD,
sleep hypoventilation is primarily the consequence of a
failing respiratory pump81. As arterial CO

2 
increases

owing to hypoventilation, the brains’ extracellular fluid
bicarbonate builds up, blunting the central ventilatory
drive, which in turn leads to further elevation of CO

2
82.

Thus, patients with daytime hypercapnia are more likely
to have nocturnal hypoventilation owing to their elevated
baseline bicarbonate levels. But, apart from daytime
hypercapnia, diminished ventilatory drive, increased
upper airway resistance, and mechanical disadvantages
imposed by hyperinflation also contribute toward
nocturnal hypoventilation3. Studies have also shown that
increased BMI contributes to the severity of sleep
hypoventilation3.

None of the available studies have shown direct
correlation of sleep hypoventilation with poor lung
function in COPD. In one of the studies, it was shown
that COPD patients with mean FEV

1
 of 1.0 Land PaO

2

ranging from 56 to 69 mm Hg revealed a high likelihood
of developing nocturnal desaturation52. This study was
performed before the revised definition of
hypoventilation; hence, nocturnal CO

2
 monitoring was

not performed. It is possible that some of these patients
experienced nocturnal hypoventilation. Thus, it is
possible that those with poor lung function show more
likelihood of developing nocturnal hypoventilation.

Consequences: Daytime hypercapnia can be a both cause
and consequence of sleep hypoventilation. Irrespective
of whether it is cause or consequence, hypercapnia is
known to decrease myocardial and diaphragmatic
contractility, increase pulmonary artery pressure, and
predispose to arrhythmias. Some of the consequences
of  hypoventilation, such as cor pulmonale and pulmonary
hypertension, may be irreversible83. Sleep-related
hypoventilation is also associated with a reduced life
expectancy84.

Diagnosis: Morning headaches in patients with COPD
may suggest nocturnal hypoventilation. If nocturnal CO

2

retention is suspected, CO
2 

monitoring should be
considered along with the PSG3. Sleep hypoventilation
can be easily missed and lead to detrimental outcome.
Hence, overnight screening with pulse oximetry is
important, especially before prescribing LTOT. If it
shows an evidence of nocturnal desaturation, an
overnight PSG with PETCO

2
 or tcCO

2
 or intraarterial

monitoring should be done. Since poor lung function
(FEV

1
< 49%, < 1 L) is a predisposing factor for nocturnal

desaturation and daytime hypercapna and obesity have
been definitely correlated with hypoventilation, the
overnight screening is indicated in these cases as well52,85.
The reliability and validity of these surrogates, especially
in severe COPD, may be limited, and correlation with
arterial blood gas analysis should be performed before
performing the study3.

Treatment: Noninvasive ventilation (NIV) during sleep
ameliorates nocturnal hypoventilation, leading to a
downward resetting of the respiratory center sensitivity
for CO

2
and improvement in nocturnal and daytime

PaCO
2

86. Daytime improvement in gas exchange leads
to improved sleep quality, daytime function, and quality
of life. Some of the studies have also shown survival
benefit87. The earlier studies performed on patients with
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chronic respiratory failure have shown that the average
baseline PaCO

2
improves better if they have higher daytime

PaCO
2

87. Studies specifically evaluating nocturnal
hypoventilation and its effect on quality of  life and survival
benefit have not been performed. Thus, the guidelines
accordingly for prescription of NIV laid down in 1999
and reiterated in 2006 are87,88: (1) symptomatic patient
where OSA is excluded and (2) daytime PaCO

2
is >55

mmHg or (3) daytime PaCO
2
is 50-54 mmHg with either

evidence of nocturnal hypoventilation based on nocturnal
oximetry showing sustained desaturation to <89% for
>5 min while patient is on his or her usual FiO

2
or

repeated hospitalizations (>2 in a 12-month period).
Because guidelines specifically for management of
nocturnal hypoventilation are not available, these
guidelines are followed for nocturnal hypoventilation as
well. Studies are required for patients with only nocturnal
hypoventilation and its correlation with survival and
quality of life benefit with NIV.

Average volume assured pressure support (AVAPS;
Philips Respironics) and intelligent volume assured
pressure support (iVAPS; ResMed) are newer hybrid
modes that use proprietary algorithms to calculate the
pressure support needed to achieve a target tidal volume
or alveolar ventilation, respectively. In stable chronic
hypercapnic COPD patients, iVAPS showed a greater
decrease in nocturnal hypercapnia and a trend toward
more restful sleep at 6 weeks of treatment89. Studies are
required to show its benefit in sleep hypoventilation3.

Nocturnal Oxygen Desaturation

Definition: There is no formal definition of NOD, and
various studies use different definitions. As per the
available studies/literature, it is given as “Oxygen
saturation during sleep to < 90% for more than five
minutes with a nadir of at least 85% or >30% of total
sleep time with SpO

2
 of < 90%”90-92. It should be noted

that nocturnal hypoventilation can also give rise to similar
desaturation at night. Nocturnal CO

2
monitoring can

only distinguish the two. Presence of only NOD is owing
to lung failure and the nocturnal hypoventilation is owing
to pump failure. The consequences of both can be
different. The management of NOD also differs from
nocturnal hypoventilation. Thus, an effort should be
made to exclude sleep hypoventilation before diagnosing
NOD.

Prevalence: NOD has been reported in 40-70% of
COPD patients with daytime saturations between 90%

and 95%85,90,92. It is also estimated that patients with
FEV

1
> 1.45 L or >49% predicted usually do not

experience nocturnal desaturation85. There have been no
studies on NOD, which have separated hypoventilation
from nocturnal hypoxemia. Thus, the prevalence of only
NOD without hypoventilation is not known.

Etiology: Alveolar hypoventilation leading to decreased
minute ventilation may be the primary mechanism of
nocturnal hypoxemia. Minute ventilation can drop
approximately by 16% during non-REM sleep and 32%
during REM sleep in patients with COPD93. This is
because, during wakefulness, respiration is not only under
metabolic control but also influenced by voluntary
processes such as speaking and swallowing, and during
sleep, chemoreceptors and ventilatory centers are the
sole controllers of respiration.This leads to drop in PaO

2

by 3-10 mm Hg and elevation in PaCO
2 
by 2-8 mm Hg

during sleep. Those who have blunted receptors for CO
2

may develop sleep hypoventilation, whereas those with
high chemosensitivity to CO

2
 may develop NOD.

Patients with borderline saturation of 93% or below may
have saturation falling into steep part of oxyhemoglob in
dissociation curve at night leading to significant drop in
PaO

2
. Hence, daytime oxygen saturation is among the

strongest predictors of nocturnal desaturation in patients
with COPD94.

Consequences: Acute episodes of nocturnal desaturation
can cause elevation in systemic systolic and mean
pulmonary artery blood pressures95. These repetitive and
transient desaturations overtime can lead to chronic
pulmonary hypertension. Systematic inflammation is
positively activated by NOD96. Sergi et al97. found that
NOD in COPD patients may represent an independent
risk factor for the development of chronic respiratory
failure in COPD patients with daytime PaO

2
> 60 mm

Hg. Cardiac arrhythmias have also been linked with
nocturnal desaturations98 and may contribute to the
higher than expected nocturnal death rate in COPD
patients99. In a retrospective study of 169 patients with
COPD, Fletcher et al100. noted significantly decreased
survival among patients with NOD compared with those
without. It needs to be noted that these studies have
been based on only oxygenmonitoring and not with
CO

2
monitoring. Hence, only hypoxia or both hypoxia

and hypercarbia are the culprits is not known.

Diagnosis: COPD patients with relatively low daytime
saturation (<93%) and moderate-to-severe COPD may
be considered for overnight oximetry3,85. Home oximetry
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is an effective practical method for screening this
population19. A cyclical (sawtooth) pattern on overnight
oximetry suggests sleep-disordered breathing19. If
screening shows an evidence of NOD, PSG with CO

2

monitoring should be performed.

Management: The necessity of treatment of isolated
NOD in COPD has been debated for many years101.
This is because: (1) To date, only two randomized trials
have addressed the issue of nocturnal oxygen therapy in
patients with COPD with significant NOD who would
not qualify for LTOT102,103. Meta-analysis of which did
not show survival benefit (pooled odds ratio: 0.97; 95%
CI: 0.41-2.31)104 However, since the number of patients
in these trials was small, nothing can be concluded19. (2)
There has been no systemic study, which has separated
NOD from nocturnal hypoventilation in daytime
normocapnic, non-LTOT patients and evaluated the use
of nocturnal oxygen versus NIV. Nevertheless, Medicare
guidelines allow the use of nocturnal oxygen in daytime
normoxemic patients based on indirect comparison of
the British Medical Research Council Study104 and the
National Heart Lung and Blood Institute’s trial104showing
that patients receiving 12 h of oxygen/day (most of which
was provided at night) show better survival than those
receiving no oxygen therapy19. However, more research
is required for determining use of nocturnal oxygen
therapy. Among other modalities of treatment for NOD,
optimum treatment with bronchodilator and lung volume
reduction surgery decreases airflow obstruction, air-
trapping, and hyperinflation and improves sleep quality
and nocturnal oxygenation105.

Conclusion

Sleep is often a forgotten dimension in patients with
COPD. COPD patients show worse sleep quality and
more sleep-related problems when compared with
patients with other chronic health problems. Some of
the sleep disorders in COPD such as insomnia and RLS
can easily be diagnosed and treated. The others such as
OSA can exert a huge impact on morbidity and mortality
and can be easily managed with CPAP. Nocturnal
hypoventilation and NOD are poorly studied; hence,
more studies are required for these two disorders.
Nevertheless, both can lead to adversity in terms of
morbidity and mortality. Thus, sleep, which is an
important aspect of life, should not be forgotten while
treating the third leading cause of death of the century.
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