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Hypoventilation syndromes Overview

Summary
Hypoventilation syndrome comprises disorders associated with alveolar hypoventilation (an elevation in
PaCO₂ to levels >45 mmHg). Hypoxemia is also present in most cases, especially during sleep (PaO₂ <60
mmHg).

Alveolar hypoventilation can occur with obesity hypoventilation syndrome, restrictive thoracic disorders,
central sleep apnea syndromes, and COPD.

Symptoms are often nonspecific, but almost always include disturbed sleep and impaired daytime function.

Physical exam often reveals signs of cor pulmonale in addition to those associated with the primary disorder.

Diagnosis is usually made by the clinician's awareness that alveolar hypoventilation is often associated
with certain medical disorders. Investigations include arterial blood gas analysis, pulmonary function tests,
measurement of respiratory muscle strength, and an overnight polysomnogram.

Treatment involves nocturnal ventilation, including the use of invasive ventilation.

Definition
Alveolar hypoventilation, defined as an elevation in PaCO₂ to levels >45 mmHg, can occur with several
disorders: obesity hypoventilation syndrome, restrictive thoracic disorders, central sleep apnea syndromes,
and COPD.[1] These are referred to as the hypoventilation syndromes. Associated with hypercapnia is the
development of hypoxemia, which adds to the clinical manifestations and morbidity. In addition, during sleep,
hypoventilation becomes more profound and can worsen pre-existing hypercapnia and hypoxemia. In some
cases, hypercapnia and hypoxemia may develop only during sleep, which may be unsuspected based on
awake values.
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Epidemiology
The prevalence of the hypoventilation syndrome varies with the underlying cause. Approximately 10% to
20% of patients with obstructive sleep apnea (OSA) are reported to have obesity hypoventilation syndrome
(OHS).[2] [3] [4] However, approximately 10% of patients with OHS have an apnea-hypopnea index that is
normal at <5 events/hour.[2] [3] In patients with congestive heart failure and a left ventricular ejection fraction
of <45%, Cheyne-Stokes respiration is reported in 33% to 42% of patients, with a prevalence as high as 56%
in inpatients awaiting cardiac transplantation.[5] [6] [7] [8] In patients with underlying COPD, approximately
27% developed nocturnal hypoxemia, but only those with associated OSA (referred to as the overlap
syndrome) or with severe obstruction (FEV1 <35% predicted) may demonstrate associated hypercapnia.
In patients with restrictive thoracic disorders, such as chest wall deformities (e.g., kyphoscoliosis), the
prevalence of hypoventilation is dependent on the degree of spinal curvature (Cobb angle >120°), while
patients with neuromuscular diseases may all eventually develop hypoventilation syndrome, depending on
the underlying disease (e.g., Duchenne muscular dystrophy).

Etiology
Some disease states have been associated with hypoventilation syndromes. These include obesity
hypoventilation syndrome and restrictive thoracic disorders, such as in patients with chest wall deformities
(e.g., kyphoscoliosis, fibrothorax, or thoracoplasty) and neuromuscular disorders, particularly Duchenne
muscular dystrophy and other types of muscular dystrophies and spinal muscular atrophies. Also included
are patients with central sleep apnea syndromes, such as idiopathic central sleep apnea, and patients with
Cheyne-Stokes respiration. Another central but rare disorder is primary alveolar hypoventilation. Finally,
obstructive airway disease (in particular, COPD) can develop alveolar hypoventilation and be included in the
hypoventilation syndromes.

Pathophysiology
The mechanisms responsible for the development of hypoventilation include:

• A decrease in central respiratory drive
• Chest wall and lung parenchymal deformities
• Respiratory muscle weakness.

In many disorders that provoke hypoventilation, more than one mechanism is responsible. In addition, in
many disorders hypoventilation may first occur during sleep, when hypoxic and hypercapnic ventilatory
responses are normally decreased compared with during wakefulness, and REM-sleep-related inhibition of
spinal motor neurons can have a major effect.[9] [10] CO₂ retention during sleep will lead to a compensatory
retention of bicarbonate by the kidney, which further blunts central drive and promotes more CO₂ retention,
contributing to sleep fragmentation with arousals. In patients with obesity-related hypoventilation, a blunted
central response, decreases in chest wall and lung parenchymal compliance, presence of obstructive sleep
apnea (OSA), and a leptin-resistance state (a satiety protein that increases ventilation) all contribute.[11]
[12] [13] [14][15] In patients with neuromuscular disease, hypoventilation, especially during REM sleep, is
the result of the loss of accessory muscle contribution to breathing in the setting of a weakened diaphragm,
as well as upper airway obstruction resulting in OSA.[16] Similar mechanisms are responsible for the
hypoventilation in patients with thoracic cage abnormalities.[17] Hyperventilation-induced hypocapnia, in the
presence of an increased central and peripheral responsiveness to CO₂, seems an important mechanism for
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the development of Cheyne-Stokes respiration during sleep in patients with congestive heart failure.[18] [19]
[20] [21] [22]

Case history
Case history #1
A 52-year-old woman with a history of chronic obesity (BMI = 38 kg/m²) presents with a 2-week history
of increasing shortness of breath and lower-extremity swelling. In addition, the patient reports increasing
daytime sleepiness and morning headaches. Vital signs are significant for a pulse oximetry reading of
86% on room air. Physical exam reveals a small, crowded oropharynx; an enlarged neck circumference
(48 cm); an increased P2 on cardiac auscultation; an enlarged abdomen; and 3+ lower-extremity edema.
Basic laboratory investigations are remarkable for an elevated serum bicarbonate of 32 mEq/L. An arterial
blood gas is obtained revealing a pH of 7.28, PaCO₂ of 68 mmHg, PaO₂ of 56 mmHg, and SaO₂ of 85%.

Other presentations
In many of the underlying conditions that make up the hypoventilation syndromes, patients may present
initially with complaints associated with disturbed sleep, including frequent nocturnal awakenings,
nonrestorative sleep, loud snoring, and witnessed apneas. In addition, in those patients with conditions
associated with respiratory muscle weakness, impaired cough and repeated lower respiratory tract
infections may also complicate the patient's course of illness. Finally, some patients may present in overt
respiratory failure requiring emergent ventilatory support.
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Approach
Clinical suspicion is central to diagnosing hypoventilation syndromes. Many of these disorders commonly
present with, or develop, alveolar hypoventilation. It is with this knowledge that clinicians should first question
and then confirm whether the patient's signs and symptoms can be explained by the diagnosis of alveolar
hypoventilation.

Disease states that have been associated with the hypoventilation syndromes include:[1]

• Obesity hypoventilation syndrome (OHS)
• Restrictive thoracic disorders, such as patients with chest wall deformities (e.g., kyphoscoliosis,

fibrothorax, or thoracoplasty)
• Neuromuscular disorders, particularly Duchenne muscular dystrophy and other types of muscular

dystrophies and spinal muscular atrophies
• Central sleep apnea syndromes, such as idiopathic central sleep apnea, and Cheyne-Stokes

respiration (CSR)
• Congenital central alveolar hypoventilation, which is a rare disorder
• Obstructive airway disease (in particular, COPD).

This topic focuses on OHS, restrictive thoracic disorders, Cheyne-Stokes respiration, and COPD.

See Central sleep apnea , Obstructive sleep apnea , and Muscular dystrophies .

History
Many of the symptoms secondary to the disorder causing hypoventilation are nonspecific and of limited
value. In the early stages of the disorder, the patient may be totally asymptomatic. However, as the
syndrome progresses, dyspnea on exertion followed by dyspnea at rest is the most common symptom
encountered by patients with hypoventilation. Disturbed sleep and daytime hypersomnolence resulting
from nocturnal hypoventilation may progress and be associated with symptoms of morning headaches
and fatigue. If a disorder causes respiratory muscle weakness, impaired cough and repeated lower
respiratory tract infections may also complicate the patient's course. In addition, careful history-taking can
allow one to determine the rate of progression of the underlying disorder, in order to initiate appropriate
therapeutic interventions.

Congenital central alveolar hypoventilation typically presents in newborns, with symptomatic and
asymptomatic children surviving to adulthood.[25] [26] [27] In patients with neuromuscular disease, sleep-
disordered breathing, including nocturnal alveolar hypoventilation, presents in childhood.[16] [28] Patients
with obesity hypoventilation are usually middle-aged.[23] Patients with COPD and those with CSR are
usually in the age range of 40 to 60 years, but this can be variable. In patients with OHS, there is a 2:1
male-to-female ratio.[23]

Physical examination
The value of the physical exam is not only in characterizing the cause of hypoventilation (e.g., chest wall
deformity, obesity [BMI ≥30 kg/m²], severe COPD) but also in detailing the severity of the complications
that result from it (e.g., the presence of cor pulmonale). While a precipitating event such as a respiratory
tract infection can trigger acute respiratory failure at any time, most patients' physical exam reflects
the more usual, gradual progressive development of alveolar hypoventilation over months or years.
As a result of diurnal CO₂ retention and associated hypoxemia, patients may demonstrate signs of cor

6 This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Jul 11, 2024.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2024. All rights reserved.

https://bestpractice.bmj.com


Hypoventilation syndromes Diagnosis

pulmonale, including an increased pulmonic component of the second heart sound (P2), and lower-
extremity edema. An increased P2 can be seen with most causes of hypoventilation syndrome.[16] [23]
[28] Patients with OHS have a BMI ≥30 kg/m², with an increasing prevalence with increasing BMI.[23]
Lower-extremity edema and right-sided third heart sound (S3 gallop) are evident with most causes of
hypoventilation syndrome.[16] [23] [28]

Other conditions, such as CSR, may present with physical findings suggestive of left-sided congestive
heart failure (CHF), such as an S3 gallop, and inspiratory crackles on examination of the lungs. A left-
sided fourth heart sound (S4 gallop) can be seen in patients with CSR due to CHF.

Confirmatory investigations
An arterial blood gas analysis is required in all patients to document the presence of an elevated CO₂
and confirm the diagnosis. It is the definitive test used to confirm the diagnosis of alveolar hypoventilation
and to document the extent of associated hypoxemia.[29] If hypoventilation becomes more severe,
hypercapnia or hypoxemia becomes more evident, and respiratory failure may ensue, requiring ventilatory
support.

Pulmonary function tests, including spirometry, measurement of lung volumes, and measurements of
respiratory muscle strength, give important clues as to the cause and severity of the disease underlying
the hypoventilation. In patients with neuromuscular disease, sleep-disordered breathing is evident when
the FVC declines to <65% of predicted.[30] In patients with OHS, the restrictive pattern is accompanied by
a decrease in the expiratory reserve volume.[31] Respiratory muscle strength is known to be decreased
in patients with restrictive thoracic disorders, which correlates with the development of sleep-disordered
breathing.[16] It is also decreased in patients with OHS due to a combination of abnormal respiratory
mechanics and weak respiratory muscles.[32]

Because many of the disorders associated with the hypoventilation syndrome initially demonstrate
more significant hypoxemia during sleep (particularly REM sleep) an overnight polysomnogram is often
indicated. In addition, many disorders have associated obstructive and central sleep-disordered breathing
events that would require appropriate treatment if recognized. A polysomnogram is indicated in patients
with chest wall abnormalities and neuromuscular disease to identify patients who would benefit from
nocturnal ventilation.[33] [34] [35] [36] [37] It identifies associated obstructive sleep apnea (OSA) in
patients with OHS.[2] In addition, it may identify patients with OHS prior to developing awake elevations
in PaCO₂.[38] In CHF with a left ventricular ejection fraction <45% and disturbed sleep, a polysomnogram
identifies CSR.[5] [6] [7] [8] A polysomnogram is used in patients with COPD who have suspected overlap
syndrome (associated OSA), but use to identify REM-associated hypoventilation is undefined.

An echocardiogram may be performed to evaluate for cor pulmonale and/or the presence of left-sided
CHF. It documents the development of pulmonary hypertension in patients with OHS, neuromuscular
disease, and COPD. In patients with CSR, an echocardiogram documents the severity of left ventricular
dysfunction.[3][5] [6] [7] [8] [39]

A chest x-ray should be performed to exclude other causes for hypoxemia.

Other investigations
While an elevation of serum bicarbonate, as well as a low oxygen saturation on pulse oximetry,
may suggest the presence of alveolar hypoventilation, they are not recommended as diagnostic
tests. Measurement of serum bicarbonate may be used to screen for the presence of alveolar
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hypoventilation, but does not confirm the diagnosis.[2] [40] Pulse oximetry suggests the presence of
alveolar hypoventilation, but does not confirm the diagnosis and should not be used to decide when to
measure PaCO₂.[40]

In the right clinical setting, other laboratory tests may be indicated. In patients with hypercapnia who
demonstrate signs of hypothyroidism, measurement of thyroid-stimulating hormone levels may be
indicated. Measurement of hematocrit is indicated in all patients with suspected or documented daytime
and/or nocturnal hypoxemia. If there is a clinical suspicion for congenital central alveolar hypoventilation,
mutations in the paired-like homeobox 2B (PHOX2B) gene should be evaluated, as mutations are noted
in up to 91% of these patients.[24] Patients with PHOX2B mutations exhibit respiratory-related cortical
activity on electroencephalograms at rest.[41]

History and exam
Other diagnostic factors
male sex (common)
• In patients with obesity hypoventilation syndrome, there is a 2:1 male-to-female ratio.[23]

dyspnea (common)
• Seen in most causes of hypoventilation syndrome.[16] [23] [28] As the syndrome progresses, dyspnea

on exertion followed by dyspnea at rest is the most common symptom encountered by patients with
hypoventilation.

daytime sleepiness (common)
• Can be seen with most causes of hypoventilation syndrome.[16] [23] [28] Daytime hypersomnolence

resulting from nocturnal hypoventilation may progress and be associated with symptoms of morning
headaches and fatigue.

morning headache (common)
• Can be seen with most causes of hypoventilation syndrome.[16] [23] [28]

impaired cough (common)
• Seen in patients with neuromuscular disease.[16] [28] Impaired cough in a disorder that causes

respiratory muscle weakness may complicate the patient's course.

repeated lower respiratory tract infections (common)
• Seen in patients with neuromuscular disease.[16] [28] If a disorder causes respiratory muscle

weakness, repeated lower respiratory tract infections may complicate the patient's course.

BMI ≥30 kg/m² (common)
• Seen in patients with obesity hypoventilation syndrome, which has an increasing prevalence with

increasing BMI.[23]

increased pulmonic component of second heart sound (P2) (common)
• Can be seen with most causes of hypoventilation syndrome.[16] [23] [28]
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lower-extremity edema (common)
• Can be seen with most causes of hypoventilation syndrome.[16] [23] [28]

right-sided third heart sound (S3 gallop) (common)
• Can be seen with most causes of hypoventilation syndrome.[16] [23] [28]

left-sided fourth heart sound (S4 gallop) (common)
• Can be seen in patients with Cheyne-Stokes respiration due to congestive heart failure.

Risk factors
Strong
body mass index (BMI) ≥30 kg/m²
• The prevalence of obesity hypoventilation syndrome in patients with obstructive sleep apnea

significantly increases with increasing BMI.[23]

restrictive thoracic disorders
• Patients with chest wall deformities (kyphoscoliosis, fibrothorax, or thorocoplasty) and neuromuscular

disorders, particularly Duchenne muscular dystrophy and other types of muscular dystrophies and
spinal muscular atrophies, are at risk of hypoventilation.

central nervous system disorders
• Disorders include central sleep apnea syndromes, such as idiopathic central sleep apnea,

and Cheyne-Stokes respiration. Another central but rare disorder is congenital central alveolar
hypoventilation.[24]

obstructive airway disease
• Obstructive airway disease (in particular, COPD) can develop alveolar hypoventilation.
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Investigations
1st test to order

Test Result
arterial blood gas

• Arterial blood gas is the definitive test used to confirm the diagnosis
of alveolar hypoventilation and document the extent of associated
hypoxemia.[29] [40]

PaCO₂ >45 mmHg

serum bicarbonate
• May be used to screen for the presence of alveolar hypoventilation,

but does not confirm the diagnosis.[2] [40]

>24 mEq/L

pulse oximetry
• May be used to suggest the presence of alveolar hypoventilation,

but does not confirm the diagnosis and should not be used to decide
when to measure PaCO₂.[40]

SaO₂ <90%

hematocrit (Hct)
• Indicated in all patients with suspected or documented daytime and/

or nocturnal hypoxemia.
• May be used to suggest the presence of alveolar hypoventilation, but

is not routinely done.

Hct >45%
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Other tests to consider

Test Result
pulmonary function tests

• In patients with neuromuscular disease, sleep-disordered breathing
is evident when the FVC declines to <65% of predicted.[30] This is
associated with the development of sleep-disordered breathing and
alveolar hypoventilation.[42] In patients with obesity hypoventilation
syndrome, the restrictive pattern is accompanied by a decrease in the
expiratory reserve volume.[31]

restrictive pattern on
spirometry with reduced
total lung capacity

respiratory muscle strength
• Known to be decreased in patients with restrictive thoracic disorders,

which correlates with the development of sleep-disordered
breathing.[16] Also decreased in patients with obesity hypoventilation
syndrome due to a combination of abnormal respiratory mechanics
and weak respiratory muscles.[32]

decrease in maximal
inspiratory and expiratory
pressures

CXR
• Used to exclude other causes of hypoxemia. In patients with chest

wall deformities such as kyphoscoliosis, a Cobb angle >120° (used
to measure the spinal curvature) is associated with the development
of nocturnal hypoventilation and the development of respiratory
symptoms.[43]

normal CXR in most
cases; may show signs of
congestive heart failure
or lower respiratory
tract infection if these
complicate the condition

polysomnogram
• Indicated in patients with chest wall abnormalities and neuromuscular

disease to identify patients who would benefit from nocturnal
ventilation.[33] [34] [35] [36] [37]

• Identifies associated obstructive sleep apnea (OSA) in patients with
obesity hypoventilation syndrome (OHS).[2] In addition, it may identify
patients with OHS prior to developing awake elevations in PaCO₂.[38]

• In congestive heart failure with a left ventricular ejection fraction
<45% and disturbed sleep, identifies Cheyne-Stokes respiration.[5]
[6] [7] [8]

• Used in patients with COPD who have suspected overlap syndrome
(associated OSA), but use to identify REM-associated hypoventilation
is undefined.

demonstrates
hypoventilation,
particularly during
REM sleep; may
show obstructive
or central apneas;
sleep architecture is
fragmented with an
increase in arousals
during the night

echocardiogram
• Documents the development of pulmonary hypertension in patients

with obesity hypoventilation syndrome, neuromuscular disease, and
COPD. In patients with Cheyne-Stokes respiration, documents the
severity of left ventricular dysfunction.[3][5] [6] [7] [8] [39]

• In patients with congestive heart failure and left ventricular ejection
fraction <45%, Cheyne-Stokes respiration is reported in 33% to 42%
of patients, with a prevalence as high as 56% in inpatients awaiting
cardiac transplantation.[5] [6] [7] [8]

demonstrates pulmonary
hypertension (mean
pulmonary artery
pressure >25 mmHg)

thyroid-stimulating hormone
• Indicated in patients with hypercapnia who are suspected of having or

who have symptoms/signs of hypothyroidism.

elevated if primary
hypothyroidism

PHOX2B gene
• If there is a clinical suspicion for congenital central alveolar

hypoventilation, mutations in the paired-like homeobox 2B (PHOX2B)
gene should be evaluated, as mutations are noted in up to 91% of

heterozygous mutation
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Test Result
these patients.[24] Suspected instances include newborns with signs
of hypoventilation, or patients who present later in life with signs of
hypoventilation following anesthesia or a pulmonary infection.[27]

Differentials

Condition Differentiating signs /
symptoms

Differentiating tests

Interstitial lung disease • Patients with interstitial lung
disease often complain
of shortness of breath,
especially exertional
dyspnea. In addition,
they may complain of a
nonproductive cough.
Patients can present with
a rapid shallow breathing
pattern, inspiratory crackles
on examination of the lungs,
and clubbing of the digits.

• While pulse oximetry may
reveal an SaO₂ <90%,
arterial blood gas analysis
demonstrates hypocapnia
rather than hypercapnia
associated with hypoxemia.

• CXR demonstrates interstitial
changes and fibrosis, which
can be confirmed with a CT
scan.

Obstructive sleep apnea
(OSA) without associated
alveolar hypoventilation

• Patients with OSA without
associated alveolar
hypoventilation present with
symptoms of excessive
daytime sleepiness and loud
snoring. On examination,
obesity without signs of cor
pulmonale such as lower-
extremity edema is common,
although one third of patients
have a BMI <30 kg/m².

• Arterial blood gas analysis
demonstrates a normal
PaCO₂, and pulse oximetry
while awake reveals a SaO₂
>90%.

• Overnight polysomnogram
shows obstructive
apneas and hypopneas
with nocturnal oxygen
desaturation purely
associated with the sleep-
disordered breathing events.

Criteria

The American Academy of Sleep Medicine has published criteria for the diagnosis of sleep-related breathing
disorders.[1] See also Central sleep apnea .

Obesity hypoventilation syndrome

• Hypoventilation is present during wakefulness (PaCO₂ ≥45 mmHg), as measured by arterial PCO₂,
end-tidal PCO₂, or transcutaneous PCO₂. Sleep-related hypoventilation is inferred.

• Obesity is present (body mass index ≥30 kg/m²; ≥95th percentile for age and sex for children).
• Hypoventilation is not primarily due to lung parenchymal or airway disease, chest wall disorder (other

than mass loading from obesity), medication use, neurologic disorder, muscle weakness, or a known
congenital or idiopathic central alveolar hypoventilation syndrome.
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Congenital central alveolar hypoventilation syndrome

• Sleep-related hypoventilation is present.
• Central nervous system autonomic dysfunction is present, usually due to a PHOX2B gene mutation.
• The disorder is not better explained by another sleep disorder, medical disorder, or medication/

substance use.

Idiopathic central alveolar hypoventilation

• Sleep-related hypoventilation is present.
• Hypoventilation is not primarily due to lung parenchymal or airway disease, chest wall disorder,

medication use, neurologic disorder, muscle weakness, obesity, or congenital hypoventilation
syndromes.

Sleep-related hypoventilation due to a medical disorder

• Sleep-related hypoventilation is present.
• A lung parenchymal or airway disease, chest wall disorder, neurologic disorder, or muscle weakness is

believed to be the primary cause of hypoventilation.
• Hypoventilation is not primarily due to obesity hypoventilation syndrome, medication use, or a known

congenital central alveolar hypoventilation syndrome.

Screening
Patients with neuromuscular disease commonly develop sleep-disordered breathing, including alveolar
hypoventilation, prior to the development of daytime hypercapnia, and sleep-disordered breathing is
associated with disease progression.[42] Therefore, it is suggested that these patients be screened for
the presence of sleep-disordered breathing at 6-month intervals to identify those who may benefit from
therapeutic intervention.[44] [45]

When assessing people with suspected obstructive sleep apnea (OSA), commonly used screening
questionnaires include the STOP-BANG (snoring, tiredness, observed apnea, blood pressure, body mass
index, age, neck circumference, and sex) and the STOP (snoring, sleepiness, and other features associated
with increased OSA risk such as obesity, increased neck girth, and hypertension). The Epworth Sleepiness
Scale is a self-administered questionnaire in the preliminary assessment of sleepiness.[46] The higher the
score, higher is the sleep propensity in daily life.[47] [48]

Testing includes pulmonary function tests, measurement of respiratory muscle strength, and assessment
of central respiratory drive, which have been shown to predict the presence of sleep-disordered breathing
in patients with primary myopathies.[16] [45] [49] Additional screening can include measurements of serum
bicarbonate, hematocrit, and arterial blood gas. Polysomnograms are recommended to be done early in
patients with myopathies and other restrictive disorders such as amyotrophic lateral sclerosis, due to the
impact of therapy on quality of life and overall survival, which will be seen even before the development of
daytime hypercapnia.[36] [44] [50] [51]
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Approach
The primary treatment modality for the hypoventilation syndromes is nocturnal ventilation. With most
disorders, nocturnal noninvasive ventilation (NIV) has become an increasingly used treatment option that is
both effective and well tolerated.[29] Guidelines recommend appropriate titration techniques and methods
for NIV in patients with the hypoventilation syndromes.[52] [53] With some disorders, especially with disease
progression, invasive mechanical ventilation via tracheostomy may be indicated.

This topic focuses on obesity hypoventilation syndrome, restrictive thoracic disorders, Cheyne-Stokes
respiration, and COPD.

See Central sleep apnea  and Obstructive sleep apnea .

Obesity hypoventilation syndrome (OHS)
Continuous positive airway pressure (CPAP) may be used as an initial treatment of OHS, because most
patients with OHS have associated obstructive sleep apnea.[40] There are reports of successful treatment
of OHS with CPAP, usually requiring pressures of 12 to 14 cm H₂O.[13] [54] [55] [56] [57] [58] [59] [60]
However, there are reports of failure with CPAP therapy as well when used alone.[54] [56] [61] [62] [63]

Bilevel positive airway pressure (PAP), with individually adjusted inspiratory and expiratory pressures, is
probably the most effective noninvasive treatment for reversing the hypercapnia associated with OHS.[13]
[64] [65] [66] With a pressure differential, bilevel PAP is more effective at ventilating than merely reversing
upper airway obstruction as seen with CPAP. It should be considered during PAP titration when the
oxygen saturation remains <90% despite the elimination of obstructive apneas and hypopneas.[52] Most
studies have demonstrated that the differential between inspiratory PAP and expiratory PAP must be at
least 8 to 10 cm H₂O to correct the hypercapnia and hypoxemia on a long-term basis with bilevel PAP
therapy.[13] [67] [68] [69] [70] A retrospective study demonstrated good long-term outcome in patients
treated with NIV after a mean follow-up of 4 years.[66] In addition, use of bilevel PAP results in better
respiratory function improvement compared with CPAP.[70] In a prospective study, bilevel PAP was
associated with greater PAP adherence when compared to CPAP therapy.[71] With either form of PAP
therapy, patients who used their device for more than 6 hours had better improvement in arterial blood
gases, improved quality of life scores, and a lower mortality compared to those that used their device for
less than 6 hours.[71] It is now recommended that patients hospitalized with suspected OHS should be
discharged on nocturnal NIV prior to having a formal outpatient titration study.[40]

Nocturnal invasive mechanical ventilation by tracheostomy can be used effectively in patients with severe
OHS who have not been able to tolerate or have had unsuccessful treatment with noninvasive forms of
PAP therapy.

Oxygen therapy should not be used alone in patients with OHS.[72] [73] However, approximately half of
patients with OHS require the addition of oxygen to some form of PAP therapy.[13] [54] [74] [75] Oxygen
therapy is added when bilevel has been titrated but there is residual oxygen desaturation in the absence
of obstructive apneas and hypopneas.[52] Long-term use of PAP therapy often results in oxygen therapy
no longer being required both nocturnally as well as during the day.[71]

Respiratory stimulants such as medroxyprogesterone have been used in reported cases of OHS, but they
increase the risk of thromboembolic disease.[76] [77]
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Weight reduction, including diet or the use of gastric bypass surgery, has been shown to be effective.[39]
[40] Many of these patients with OHS require PAP therapy following surgery until they have lost a
significant amount of weight. Even after significant weight loss, most gastric bypass surgery patients still
have significant residual sleep-disordered breathing that requires continued use of NIV.[78]

Restrictive thoracic disorders
In patients with neuromuscular and chest wall diseases, the use of nocturnal ventilation has been
associated with improved survival, sleep quality, daytime gas exchange, and daytime function and
with decreased daytime sleepiness.[79] [80] [81] [82] In addition, improvements in respiratory muscle
function are noted, which may explain the improvements in daytime gas exchange.[80] Overall, nocturnal
ventilation can slow the rate of decline in pulmonary function compared with nonventilated controls.

Amyotrophic lateral sclerosis has become the most common restrictive thoracic disorder to be prescribed
NIV, which reportedly improves survival and quality of life, and reduces decline in forced vital capacity.[51]
[83] [84][85] Predictors of a favorable response to nocturnal NIV include intact bulbar function, orthopnea,
hypercapnia, and nocturnal oxygen desaturation.[17] However, studies suggest that starting nocturnal NIV
before the development of hypercapnia may be of benefit in patients with restrictive thoracic disorders.[44]
[50] For patients with preserved bulbar function using NIV, mouthpiece ventilation may be suitable for
daytime ventilatory support.[45]

NIV using either bilevel PAP or a volume-cycled ventilator is preferred, with the latter able to generate
larger tidal volumes than the standard bilevel PAPs that have a maximum inspiratory PAP of 30 cm H₂O.
Settings should be titrated in a sleep center or in a controlled setting such as the hospital, or, at times,
in the patient's home. With PAP therapy, both inspiratory PAP and expiratory PAP should be increased
together until all apneas and hypopneas are resolved, followed by continued increases in inspiratory PAP
to correct the hypoxemia related to alveolar hypoventilation.[52]

Patients with neuromuscular diseases and hypoventilation may benefit from lung volume recruitment
(LVR) (e.g., glossopharyngeal breathing or breath stacking using a handheld resuscitation bag or
mouthpiece) and airway clearance (e.g., manually assisted cough techniques).[45]

Nocturnal invasive mechanical ventilation by tracheostomy often becomes necessary in patients intolerant
of NIV, including those with extended daytime use, worsening bulbar function, frequent aspiration,
insufficient cough, episodes of chest infection despite adequate secretion management, and declining
lung function.[45] It may be necessary to add regular mechanical insufflation-exsufflation (cough assist
device) for continued reduced cough effectiveness or high-frequency chest wall oscillation, with or without
cough assistance or LVR, for patients with continued difficulties clearing secretions.[45]

Oxygen therapy should not be used alone in patients with hypoventilation syndrome due to restrictive
thoracic disorders.

Cheyne-Stokes respiration
CPAP therapy has been shown to decrease the central apnea-hypopnea index in patients with Cheyne-
Stokes respiration (CSR) due to congestive heart failure (CHF), both after short-term use and after
periods of 1 to 3 months.[8] [86] [87] [88] [89] [90] [91] [92] By increasing intrathoracic pressure and
decreasing the transmural pressure across the left ventricle, CPAP decreases left ventricular afterload,
leading to an improvement in cardiac output.[13] It has been proposed that the increase in left ventricular
ejection fraction with CPAP therapy reduces interstitial lung edema and decreases stimulation of the
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pulmonary vagal afferents, which are thought to cause the observed hyperventilation and hypocapnia in
these patients.[92] While a previous multicenter study did not reveal an improved transplant-free survival
with CPAP, a post-hoc analysis of the data revealed an improved outcome in those patients assigned to
CPAP therapy who were able to correct their apnea-hypopnea index to <15 events/hour after 3 months of
use.[93] [94]

Bilevel PAP ventilation allows the individual adjustment of the inspiratory PAP and expiratory PAP and,
when set with a backup rate, ensures ventilation during central apneic episodes. When compared with
CPAP, both forms of therapy equally decreased the baseline apnea-hypopnea index and improved sleep
quality and daytime fatigue.[87]

Adaptive servoventilation (ASV) is a form of noninvasive positive pressure ventilation that has been
evaluated in the treatment of CSR. ASV provides a baseline degree of ventilatory support on top of an
end-expiratory pressure of 5 cm H₂O and a default backup rate of 15 breaths/minute.[95] Inspiratory
pressure increases from a low of 3 cm H₂O to a high of 10 cm H₂O to maintain ventilation at 90% of a
running 3-minute reference period. When a decrease in ventilation is noted, such as during a central
apnea, the inspiratory pressure increases to maintain ventilation, and then decreases again when
spontaneous breathing resumes. Another device developed for ASV uses a flow-targeted approach to
maintain ventilation. An end-expiratory pressure is adjusted to eliminate any obstructive events. The
device then delivers an inspiratory PAP to maintain a target peak inspiratory airflow with a backup
rate.[96] Comparing the one-night effects of CPAP, oxygen therapy, bilevel, and ASV, the apnea-hypopnea
index decreased with all forms of therapy.[95] However, compared with baseline and the other treatments,
ASV had the most significant improvement in the apnea-hypopnea index. The amount of slow-wave
and REM sleep increased with ASV and was the preferred treatment modality. In a randomized study
comparing ASV with CPAP, a more significant decrease in the apnea-hypopnea index was seen with ASV
at both 3 and 6 months.[97] In addition, in a subset of patients who were evaluated, the left ventricular
ejection fraction was noted to increase only in the ASV group at the end of 6 months. Overall, preliminary
studies appeared to demonstrate that ASV was effective at normalizing the apnea-hypopnea index in
patients with CSR. However, a large, end point-driven study demonstrated a higher all-cause mortality in
patients receiving ASV compared with the control group. As a result, ASV is not recommended in patients
with CHF and a LVEF ≤45% at this time until further analysis of the study is performed and the results
from other ongoing trials are completed.[98] Using a flow-targeted ASV device, an ongoing trial has
reported preliminary data showing increased hours of use each night and increased compliance at one
year compared to those patients in the prior negative study.[99] In addition, there was no noted increase
in mortality at one year in the patients treated with ASV. Final results and recommendations await the
completion of this multicenter trial.

Nocturnal oxygen therapy has been shown to significantly decrease the apnea-hypopnea index, both
acutely and after more prolonged therapy in patients with CSR due to CHF.[8][17] [58] [61] [62] [63] [100]
[101] [102] [103] While oxygen therapy has been shown to decrease the apnea-hypopnea index, no study
has demonstrated an improvement in left ventricular function in patients with CSR and CHF.[89] [100]
[103]

Theophylline has been used for the treatment of CSR in CHF. Proposed mechanisms include
improvement in cardiac function and thus circulation time, as well as a possible enhanced central
respiratory drive effect.[104] [105] Acetazolamide induces a metabolic acidosis and thus increases minute
ventilation. Studies have shown a decrease in the apnea-hypopnea index and number of arousals with
acetazolamide.[106] [107] Both theophylline and acetazolamide have been described as being effective in
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the treatment of CSR, but they are rarely used clinically. Practice parameters have been published to help
guide physicians in regards to treatment options for CSR.[108]

COPD
The use of noninvasive positive pressure ventilation has been shown to be beneficial both during an
acute exacerbation of COPD and in selected groups of patients with stable chronic emphysema.[109]
[110] [111] [112] Nocturnal NIV has been shown to acutely improve sleep quality without an associated
improvement in nocturnal gas exchange in a group of stable hypercapnic patients with COPD, suggesting
that factors other than improvement in gas exchange, such as unloading inspiratory muscles or effects
on central drive, might play a role.[110] Other long-term trials have demonstrated improvements in sleep
quality and gas exchange and a decrease in hospital admissions and office visits.[111] [113] Nocturnal
NIV combined with oxygen was shown to lower PaCO₂ and improve quality of life after two years in
patients with hypercapnic COPD, when compared with oxygen therapy alone.[114] In addition, one trial
noted improved survival in hypercapnic COPD patients who received NIV with oxygen therapy, compared
with oxygen therapy alone.[112] One trial in patients with persistent hypercapnia following a recent
COPD exacerbation, found that nocturnal NIV plus oxygen prolonged the time to readmission or death
at 12 months when compared to just oxygen alone.[115] Guidelines have been developed for the use of
noninvasive positive pressure ventilation in patients with stable COPD.[116]

The hypoxemia that develops in patients with alveolar hypoventilation most commonly is associated with
hypercapnia. Thus, supplemental oxygen must be given with caution to these patients. In patients with
COPD and hypoxemia, continuous low-flow oxygen has been shown to significantly affect mortality.[117]
Yet, the use of nocturnal oxygen in COPD patients with REM-associated nocturnal oxygen desaturation
has been shown to decrease pulmonary hypertension, but has no significant effect on mortality.[118]

Bilevel PAP can be initiated with most patients requiring an inspiratory PAP to expiratory PAP differential
of at least 8 to 10 cm H₂O to have effective ventilation. Higher expiratory PAPs may be needed in those
patients with the overlap syndrome where there is coexistent OSA. Otherwise, most patients may do
well with an expiratory PAP of 5 cm H₂O, which is required to take up the dead space of the tubing and
mask and allow effective sensing of an inspiratory effort. Excessive inspiratory PAPs are associated with
increasing air leaks and less effective ventilation. However, pressure requirements vary greatly among
patients.[119]
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Treatment algorithm overview
Please note that formulations/routes and doses may differ between drug names and brands, drug
formularies, or locations. Treatment recommendations are specific to patient groups: see disclaimer

Acute ( summary )
obesity hypoventilation syndrome

1st nocturnal ventilation

plus weight-reduction measures

adjunct nocturnal oxygen therapy

restrictive thoracic disorders

1st nocturnal bilevel positive airway pressure
or volume-cycled ventilation

plus lung volume recruitment + airway
clearance techniques

2nd nocturnal invasive mechanical ventilation
via tracheostomy

plus lung volume recruitment + airway
clearance techniques

Cheyne-Stokes respiration

1st nocturnal noninvasive ventilation +
treatment of underlying disorder

plus nocturnal oxygen therapy

COPD

1st nocturnal bilevel positive airway pressure
+ treatment of underlying disorder

adjunct nocturnal oxygen
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Treatment algorithm
Please note that formulations/routes and doses may differ between drug names and brands, drug
formularies, or locations. Treatment recommendations are specific to patient groups: see disclaimer

Acute
obesity hypoventilation syndrome

1st nocturnal ventilation

» Continuous positive airway pressure (CPAP)
may be used as an initial treatment of obesity
hypoventilation syndrome (OHS), because most
patients with OHS have associated obstructive
sleep apnea.[40] There are reports of successful
treatment of OHS with CPAP, usually requiring
pressures of 12 to 14 cm H₂O.[13] [54] [55] [56]
[57] [58] [59] [60] However, there are reports of
failure with CPAP therapy when used alone.[54]
[56] [61] [62] [63]

» Bilevel positive airway pressure, with
individually adjusted inspiratory positive
airway pressure and expiratory positive airway
pressure, is probably the most effective
noninvasive treatment for reversing the
hypercapnia associated with OHS.[13] [52] [64]
[65] In addition, use of bilevel positive airway
pressure results in better respiratory function
improvement compared with CPAP and is
associated with greater positive airway pressure
adherence when compared to CPAP therapy.[70]
[71]

» Most studies have demonstrated that the
differential between inspiratory positive airway
pressure and expiratory positive airway pressure
must be at least 8 to 10 cm H₂O to correct the
hypercapnia and hypoxemia on a long-term
basis with bilevel positive airway pressure
therapy.[13] [67] [68] [69] [70]

» Nocturnal invasive mechanical ventilation by
tracheostomy can be used effectively in patients
with severe obesity hypoventilation syndrome
who have not been able to tolerate or have had
unsuccessful treatment with noninvasive forms
of positive airway pressure therapy.

plus weight-reduction measures

Treatment recommended for ALL patients in
selected patient group

» Weight reduction, including diet or the use of
gastric bypass surgery, has been shown to be
effective.[39]
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Acute
» Many of these patients with obesity
hypoventilation syndrome require positive airway
pressure therapy following surgery until they
have lost a significant amount of weight.[78]

adjunct nocturnal oxygen therapy

Treatment recommended for SOME patients in
selected patient group

» Oxygen therapy should not be used alone in
patients with obesity hypoventilation syndrome
(OHS).[72] [73] However, approximately half
of patients with OHS require the addition of
oxygen to some form of positive airway pressure
therapy.[13] [54] [71][74] [75]

» Oxygen therapy is added when bilevel has
been titrated but there is residual oxygen
desaturation in the absence of obstructive
apneas and hypopneas.[52]

restrictive thoracic disorders

1st nocturnal bilevel positive airway pressure
or volume-cycled ventilation

» In patients with neuromuscular and chest
wall diseases, the use of nocturnal ventilation
has been associated with improved survival,
sleep quality, daytime gas exchange, and
daytime function and with decreased daytime
sleepiness.[79] [80] [81] [82]

» Amyotrophic lateral sclerosis has become the
most common restrictive thoracic disorder to be
prescribed noninvasive ventilation (NIV), which
reportedly improves survival and quality of life,
and reduces decline in forced vital capacity.[83]
[84] [85]

» NIV using either bilevel positive airway
pressure or a volume-cycled ventilator is
preferred, with the latter able to generate
larger tidal volumes than the standard bilevel
positive airway pressures that have a maximum
inspiratory positive airway pressure of 30 cm
H₂O. Settings should be titrated in a sleep center
or in a controlled setting such as the hospital,
or, at times, in the patient's home. With positive
airway pressure therapy, both inspiratory positive
airway pressure and expiratory positive airway
pressure should be increased together until all
apneas and hypopneas are resolved, followed
by continued increases in inspiratory positive
airway pressure to correct the hypoxemia related
to alveolar hypoventilation.[52]

plus lung volume recruitment + airway
clearance techniques
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Acute
Treatment recommended for ALL patients in
selected patient group

» Patients with neuromuscular diseases and
hypoventilation may benefit from lung volume
recruitment (LVR) (e.g., glossopharyngeal
breathing or breath stacking using a handheld
resuscitation bag or mouthpiece) and airway
clearance (e.g., manually assisted cough
techniques).[45]

» It may be necessary to add regular mechanical
insufflation-exsufflation (cough assist device)
for continued reduced cough effectiveness or
high-frequency chest wall oscillation, with or
without cough assistance or LVR, for patients
with continued difficulties clearing secretions.[45]

2nd nocturnal invasive mechanical ventilation
via tracheostomy

» Nocturnal invasive mechanical (NIV) ventilation
by tracheostomy often becomes necessary
in patients intolerant of NIV, including those
with extended daytime use, worsening bulbar
function, frequent aspiration, insufficient cough,
episodes of chest infection despite adequate
secretion management, and declining lung
function.[45]

plus lung volume recruitment + airway
clearance techniques

Treatment recommended for ALL patients in
selected patient group

» Patients with neuromuscular diseases and
hypoventilation may benefit from lung volume
recruitment (LVR) (e.g., glossopharyngeal
breathing or breath stacking using a handheld
resuscitation bag or mouthpiece) and airway
clearance (e.g., manually assisted cough
techniques).[45]

» It may be necessary to add regular mechanical
insufflation-exsufflation (cough assist device)
for continued reduced cough effectiveness or
high-frequency chest wall oscillation, with or
without cough assistance or LVR, for patients
with continued difficulties clearing secretions.[45]

Cheyne-Stokes respiration

1st nocturnal noninvasive ventilation +
treatment of underlying disorder

» Continuous positive airway pressure (CPAP)
therapy has been shown to decrease the
central apnea-hypopnea index in patients
with Cheyne-Stokes respiration (CSR) due to
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Acute
congestive heart failure (CHF), both after short-
term use and after periods of 1 to 3 months.[8]
[86] [87] [88] [89] [90] [91] [92] By increasing
intrathoracic pressure and decreasing the
transmural pressure across the left ventricle,
CPAP decreases left ventricular afterload,
leading to an improvement in cardiac output.[13]

» Bilevel positive airway pressure ventilation
allows the individual adjustment of the
inspiratory positive airway pressure and
expiratory positive airway pressure, and when
set with a backup rate, ensures ventilation during
central apneic episodes. When compared with
CPAP, both forms of therapy equally decreased
the baseline apnea-hypopnea index and
improved sleep quality and daytime fatigue.[87]

» Another form of noninvasive positive
pressure ventilation, referred to as adaptive
servoventilation (ASV), has been evaluated in
the treatment of CSR. ASV provides a baseline
degree of ventilatory support on top of an
end-expiratory pressure and a default backup
rate.[95] [96] However, a large, end point-
driven study demonstrated a higher all-cause
mortality in patients receiving ASV compared
with the control group. As a result, ASV is not
recommended in patients with CHF and a left
ventricular ejection fraction ≤45% at this time
until further analysis of the study is performed
and the results from other ongoing trials are
completed.[98] Using a flow-targeted ASV
device, an ongoing trial has reported preliminary
data showing increased hours of use each
night and increased compliance at one year
as compared to those patients in the prior
negative study.[99] In addition, there was no
noted increase in mortality at one year in the
patients treated with ASV. Final results and
recommendations await the completion of this
multicenter trial.

» Choice of methods is according to physician
preference. Practice parameters have been
published to help guide physicians in regards to
treatment options for CSR.[108]

» Patients with CSR due to CHF should also
receive treatment for CHF.

plus nocturnal oxygen therapy

Treatment recommended for ALL patients in
selected patient group

» Nocturnal oxygen therapy has been shown
to significantly decrease the apnea-hypopnea
index, both acutely and after more prolonged
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Acute
therapy in patients with Cheyne-Stokes
respiration (CSR) due to CHF.[8][17] [58] [61]
[62] [63] [100] [101] [102][103]

» While oxygen therapy has been shown to
decrease the apnea-hypopnea index, no study
has demonstrated an improvement in left
ventricular function in patients with CSR and
CHF.[89][100][103]

COPD

1st nocturnal bilevel positive airway pressure
+ treatment of underlying disorder

» The use of noninvasive positive pressure
ventilation has been shown to be beneficial
both during an acute exacerbation of COPD
and in selected groups of patients with stable
chronic emphysema.[109] [110] [111] [112]
[115] Nocturnal noninvasive ventilation has
been shown to acutely improve sleep quality
without an associated improvement in nocturnal
gas exchange in a group of stable hypercapnic
patients with COPD, suggesting that factors
other than improvement in gas exchange, such
as unloading inspiratory muscles or effects on
central drive, might play a role.[110]

» Bilevel positive airway pressure can be initiated
with most patients requiring an inspiratory
positive airway pressure to expiratory positive
airway pressure differential of at least 8 to 10
cm H₂O to have effective ventilation. Higher
expiratory positive airway pressures may be
needed in those patients with the overlap
syndrome where there is coexistent obstructive
sleep apnea. Otherwise, most patients may do
well with an expiratory positive airway pressure
of 5 cm H₂O, which is required to take up
the dead space of the tubing and mask and
allow effective sensing of an inspiratory effort.
Excessive inspiratory positive airway pressures
are associated with increasing air leaks and
less effective ventilation. However, pressure
requirements vary greatly among patients.[119]

» Patients should also receive treatment for
COPD.

adjunct nocturnal oxygen

Treatment recommended for SOME patients in
selected patient group

» The hypoxemia that develops in patients
with alveolar hypoventilation most commonly
is associated with hypercapnia. Thus,
supplemental oxygen must be given with caution
to these patients. In patients with COPD and

M
A

NAG
EM

EN
T

This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Jul 11, 2024.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2024. All rights reserved.

23

https://bestpractice.bmj.com


Hypoventilation syndromes Management
M

A
NA

G
EM

EN
T

Acute
hypoxemia, continuous low-flow oxygen has
been shown to significantly affect mortality.[117]
Yet, the use of nocturnal oxygen in COPD
patients with REM-associated nocturnal oxygen
desaturation has been shown to decrease
pulmonary hypertension, but has no significant
effect on mortality.[118] Nocturnal noninvasive
ventilation combined with oxygen was shown
to lower PaCO₂ and improve quality of life after
two years in hypercapnic COPD patients when
compared with oxygen therapy alone, as well as
demonstrating an improvement in survival.[112]
[114][115]
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Emerging
Average volume-assured pressure support (AVAPS)
AVAPS is a hybrid mode of ventilation that provides a more consistent tidal volume similar to volume-cycled
ventilation, but with the comfort of pressure support ventilation.[65] In patients with obesity hypoventilation
syndrome, AVAPS when compared with bilevel positive airway pressure was more effective at improving
nocturnal transcutaneous CO₂ levels and arterial PaCO₂ at the end of 6 weeks.[65] However, sleep quality
and quality of life were no different between the 2 modalities. In patients with COPD, AVAPS has been shown
to decrease transcutaneous CO₂ levels more significantly compared with bilevel positive airway pressure,
and was preferred by patients.[120]

Secondary prevention
Regular cleaning and replacement of parts or masks is important to prevent complications associated with
the use of nocturnal ventilation (e.g., sinusitis, pneumonia). Patients with restrictive thoracic disorders may
benefit from the use of a mechanical in-exsufflator to augment airflow during cough and allow secretion
clearance to decrease the risk of complications such as pneumonia.[132]

Patient discussions
Patients who are receiving nocturnal ventilation should be instructed and trained on how to operate
and care for their equipment. In many situations, especially in those requiring invasive ventilatory care
with a tracheostomy, family members should also be trained on equipment operation and tracheostomy
care. Patients should be educated on how to look for complications associated with the use of nocturnal
ventilation, including signs and symptoms related to infection such as pneumonia or sinus infection.

In addition, patients should be instructed to avoid respiratory depressants, such as narcotics and
sedatives, which could worsen their daytime symptoms and change their nocturnal ventilation
requirements during sleep.
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Monitoring
Monitoring
Patients with underlying conditions associated with the hypoventilation syndromes are often monitored
before treatment to identify signs and symptoms suggestive of alveolar hypoventilation, particularly during
sleep. This is especially important in patients with underlying neuromuscular disease, where twice-
yearly or yearly testing, including pulmonary function tests, arterial blood gas analysis, measurement
of respiratory muscle strength, and overnight polysomnograms, may be indicated.[36] [37] In the same
respect, many of these patients require similar testing after the start of ventilatory support, including
with the use of nocturnal noninvasive ventilation, to ensure adequate treatment settings and to watch for
disease progression.

Complications

Complications Timeframe Likelihood
cor pulmonale long term medium

As a result of diurnal CO₂ retention and associated hypoxemia, patients may demonstrate signs of cor
pulmonale, including an increased P2, and lower-extremity edema.

cardiac arrhythmia long term medium

Strong observational evidence implicates sleep-disordered breathing (e.g., obstructive and central
sleep apnea, including Cheyne-Stokes breathing) in cardiac arrhythmogenesis (e.g., atrial fibrillation,
ventricular tachyarrhythmias, sudden cardiac death, and bradyarrhythmias) by influencing the structural
and electrophysiologic cardiac substrate.[121] Observational studies also suggest that effective treatment
for sleep-disordered breathing reduces atrial fibrillation recurrence after rhythm control.[121]

nasal congestion due to nocturnal noninvasive
ventilation

variable medium

As a result of using noninvasive ventilation with a nasal mask, patients can commonly develop a reactive
nasal congestion. Heated humidification with the device is very helpful in treating or preventing nasal
congestion, as is the use of intranasal corticosteroids and antihistamines.

infections due to nocturnal noninvasive ventilation variable medium

Infections such as sinusitis can be seen with the use of a nasal mask for noninvasive ventilation. In
addition, pneumonia can occasionally be related to the use of noninvasive ventilation, especially in those
patients with neuromuscular disease and associated bulbar symptoms, where it is difficult to protect the
airway.

skin abrasions and breakdown due to nocturnal
noninvasive ventilation

variable medium

As a result of the use of nasal and nasal-oral masks, skin abrasions can develop. Patients can be fitted for
a mask to attempt to decrease the risk of developing skin breakdown and to optimize comfort.
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Prognosis

The natural course for patients with disorders associated with hypoventilation syndromes varies depending
on the underlying cause.

Observational data suggest an association between sleep-disordered breathing, especially obstructive
sleep apnea (OSA), and increased risk for stroke, Alzheimer disease, Alzheimer disease-related dementias,
Parkinson disease dementia, and all-cause dementia.[122] [123] [124] [125] [126] [127]

Obesity hypoventilation syndrome (OHS)
If left untreated, patients with mild OHS have a lower quality of life, increased somnolence, and more severe
pulmonary hypertension compared with patients with OSA. Patients with OHS have a higher rate of ICU
admission and need for mechanical ventilation than patients with similar degrees of obesity but without
OHS.[128] One study demonstrated higher risk of postoperative respiratory failure and heart failure following
elective noncardiac surgery in patients with OHS with OSA compared with patients with OSA alone.[129]

Appropriate early treatment of OHS is associated with reduced morbidity and mortality.[40][71][130]

Restrictive thoracic disorders
In many patients with hypoventilation syndrome due to neuromuscular disease, disease progression will
eventually affect outcome. However, therapeutic interventions, such as nocturnal noninvasive ventilation, can
have a significant effect on survival and quality of life.[50] [79] [80] [81] [84]

COPD
While disease severity will eventually predict outcome in patients with COPD, nocturnal noninvasive
ventilation has been shown to improve gas exchange, sleep quality, and quality of life in these patients.[110]
[111] [113] In addition, studies have noted improved survival in hypercapnic COPD patients who received
noninvasive ventilation with oxygen therapy, compared with oxygen therapy alone.[112] [115]

Cheyne-Stokes respiration (CSR)
It has been demonstrated that in patients with congestive heart failure, mortality is higher in those with
CSR than in those without CSR, despite a similar degree of heart failure.[131] While nocturnal noninvasive
ventilation has been shown to improve heart function and significantly improve sleep-disordered breathing, its
effect on transplant-free survival remains uncertain.[93] [94]
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International

International classification of sleep disorders. 3rd ed, text revision (https://
aasm.org/clinical-resources/international-classification-sleep-disorders/)   [1]
Published by: American Academy of Sleep Medicine Last published: 2023

Obstructive sleep apnea and cardiovascular disease: a scientific statement
from the American Heart Association (https://professional.heart.org/en/
guidelines-and-statements/guidelines-and-statements-search)   [47]
Published by: American Heart Association Last published: 2021

Evaluation and management of obesity hypoventilation syndrome: an
official American Thoracic Society clinical practice guideline (https://
www.thoracic.org/statements)   [40]
Published by: American Thoracic Society Last published: 2019

Congenital central hypoventilation syndrome: genetic basis, diagnosis and
management: clinical policy statement (https://www.thoracic.org/statements/
pediatric.php)   [27]
Published by: American Thoracic Society Last published: 2010

ERS statement on respiratory muscle testing at rest and during exercise
(https://channel.ersnet.org/channel-25-guidelines)   [41]
Published by: European Respiratory Society Last published: 2019

Obstructive sleep apnoea/hypopnoea syndrome and obesity hypoventilation
syndrome in over 16s (https://www.nice.org.uk/guidance/ng202)   [48]
Published by: National Institute for Health and Care Excellence (UK) Last published: 2021
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Respiratory management of patients with neuromuscular weakness: an
American College of Chest Physicians clinical practice guideline and expert
panel report (https://www.chestnet.org/Publications/CHEST-Publications/
Guidelines-Consensus-Statements)   [45]
Published by: American Heart Association Last published: 2023

Sleep disordered breathing and cardiac arrhythmias in adults: mechanistic
insights and clinical implications: a scientific statement from the American
Heart Association (https://professional.heart.org/en/guidelines-and-
statements/guidelines-and-statements-search)   [121]
Published by: American Heart Association Last published: 2022

Obstructive sleep apnea and cardiovascular disease: a scientific statement
from the American Heart Association (https://professional.heart.org/en/
guidelines-and-statements/guidelines-and-statements-search)   [47]
Published by: American Heart Association Last published: 2021

Evaluation and management of obesity hypoventilation syndrome: an
official American Thoracic Society clinical practice guideline (https://
www.thoracic.org/statements)   [40]
Published by: American Thoracic Society Last published: 2019

Home mechanical ventilation: a Canadian Thoracic Society clinical practice
guideline (https://cts-sct.ca/guideline-library)   [53]
Published by: Canadian Thoracic Society Home Mechanical Ventilation
Committee

Last published: 2011

Best clinical practices for the sleep center adjustment of noninvasive positive
pressure ventilation (NPPV) in stable chronic alveolar hypoventilation
syndromes (https://jcsm.aasm.org/toc/jcsm/06/05)   [52]
Published by: NPPV Titration Task Force of the American Academy of
Sleep Medicine

Last published: 2010

Congenital central hypoventilation syndrome: genetic basis, diagnosis and
management: clinical policy statement (http://www.thoracic.org/statements/
pediatric.php)   [27]
Published by: American Thoracic Society Last published: 2010

Practice parameter update: the care of the patient with amyotrophic lateral
sclerosis: drug, nutritional, and respiratory therapies (an evidence-based
review) (http://www.aan.com/Guidelines/Home/ByTopic?topicId=19)   [85]
Published by: American Academy of Neurology Last published: 2009
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International

Clinical indications for noninvasive positive pressure ventilation in chronic
respiratory failure due to restrictive lung disease, COPD, and nocturnal
hypoventilation (https://journal.chestnet.org/issue/S0012-3692(15)X6174-5)  
[116]
Published by: Consensus Conference Last published: 1999

Obstructive sleep apnoea/hypopnoea syndrome and obesity hypoventilation
syndrome in over 16s (https://www.nice.org.uk/guidance/ng202)   [48]
Published by: National Institute for Health and Care Excellence (UK) Last published: 2021
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BMJ Best Practice is intended for licensed medical professionals. BMJ Publishing Group Ltd (BMJ) does not
advocate or endorse the use of any drug or therapy contained within this publication nor does it diagnose
patients. As a medical professional you retain full responsibility for the care and treatment of your patients
and you should use your own clinical judgement and expertise when using this product.

This content is not intended to cover all possible diagnosis methods, treatments, follow up, drugs and any
contraindications or side effects. In addition, since such standards and practices in medicine change as
new data become available, you should consult a variety of sources. We strongly recommend that you
independently verify specified diagnosis, treatments and follow-up and ensure it is appropriate for your
patient within your region. In addition, with respect to prescription medication, you are advised to check the
product information sheet accompanying each drug to verify conditions of use and identify any changes in
dosage schedule or contraindications, particularly if the drug to be administered is new, infrequently used, or
has a narrow therapeutic range. You must always check that drugs referenced are licensed for the specified
use and at the specified doses in your region.

Information included in BMJ Best Practice is provided on an “as is” basis without any representations,
conditions or warranties that it is accurate and up to date. BMJ and its licensors and licensees assume no
responsibility for any aspect of treatment administered to any patients with the aid of this information. To
the fullest extent permitted by law, BMJ and its licensors and licensees shall not incur any liability, including
without limitation, liability for damages, arising from the content. All conditions, warranties and other terms
which might otherwise be implied by the law including, without limitation, the warranties of satisfactory
quality, fitness for a particular purpose, use of reasonable care and skill and non-infringement of proprietary
rights are excluded.

Where BMJ Best Practice has been translated into a language other than English, BMJ does not warrant the
accuracy and reliability of the translations or the content provided by third parties (including but not limited to
local regulations, clinical guidelines, terminology, drug names and drug dosages). BMJ is not responsible for
any errors and omissions arising from translation and adaptation or otherwise.Where BMJ Best Practice lists
drug names, it does so by recommended International Nonproprietary Names (rINNs) only. It is possible that
certain drug formularies might refer to the same drugs using different names.

Please note that recommended formulations and doses may differ between drug databases drug names and
brands, drug formularies, or locations. A local drug formulary should always be consulted for full prescribing
information.

Treatment recommendations in BMJ Best Practice are specific to patient groups. Care is advised when
selecting the integrated drug formulary as some treatment recommendations are for adults only, and external
links to a paediatric formulary do not necessarily advocate use in children (and vice-versa). Always check
that you have selected the correct drug formulary for your patient.

Where your version of BMJ Best Practice does not integrate with a local drug formulary, you should consult
a local pharmaceutical database for comprehensive drug information including contraindications, drug
interactions, and alternative dosing before prescribing.

Interpretation of numbers

Regardless of the language in which the content is displayed, numerals are displayed according to the
original English-language numerical separator standard. For example 4 digit numbers shall not include a
comma nor a decimal point; numbers of 5 or more digits shall include commas; and numbers stated to be
less than 1 shall be depicted using decimal points. See Figure 1 below for an explanatory table.

BMJ accepts no responsibility for misinterpretation of numbers which comply with this stated numerical
separator standard.

This approach is in line with the guidance of the International Bureau of Weights and Measures Service.

Figure 1 – BMJ Best Practice Numeral Style
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