
AMERICAN THORACIC SOCIETY
DOCUMENTS

Evaluation and Management of Obesity Hypoventilation Syndrome
An Official American Thoracic Society Clinical Practice Guideline
Babak Mokhlesi, Juan Fernando Masa, Jan L. Brozek, Indira Gurubhagavatula, Patrick B. Murphy, Amanda J. Piper,
Aiman Tulaimat, Majid Afshar, Jay S. Balachandran, Raed A. Dweik, Ronald R. Grunstein, Nicholas Hart, Roop Kaw,
Geraldo Lorenzi-Filho, Sushmita Pamidi, Bhakti K. Patel, Susheel P. Patil, Jean Louis Pépin, Israa Soghier,
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Background:Thepurposeof thisguideline is tooptimizeevaluationand
management of patients with obesity hypoventilation syndrome (OHS).

Methods: A multidisciplinary panel identified and prioritized five
clinical questions. The panel performed systematic reviews of
available studies (up to July 2018) and followed the Grading of
Recommendations, Assessment, Development, and Evaluation
evidence-to-decision framework to develop recommendations. All
panel members discussed and approved the recommendations.

Recommendations: After considering the overall very low quality
of the evidence, the panel made five conditional recommendations.
We suggest that: 1) clinicians use a serum bicarbonate level,27
mmol/L to exclude the diagnosis of OHS in obese patients with sleep-
disordered breathingwhen suspicion forOHS is not very high (,20%)
but to measure arterial blood gases in patients strongly suspected of
having OHS, 2) stable ambulatory patients with OHS receive positive

airway pressure (PAP), 3) continuouspositive airway pressure (CPAP)
rather than noninvasive ventilation be offered as the first-line
treatment to stable ambulatory patients with OHS and coexistent
severe obstructive sleep apnea, 4) patients hospitalizedwith respiratory
failure and suspected of having OHS be discharged with noninvasive
ventilation until they undergo outpatient diagnostic procedures and
PAP titration in the sleep laboratory (ideally within 2–3 mo), and 5)
patientswithOHSuseweight-loss interventions that produce sustained
weight loss of 25% to 30% of body weight to achieve resolution of
OHS (which is more likely to be obtained with bariatric surgery).

Conclusions: Clinicians may use these recommendations, on the
basis of the best available evidence, to guide management and
improve outcomes among patients with OHS.

Keywords: hypercapnia; Pickwickian; sleep-disordered breathing;
chronic hypercapnic respiratory failure; bilevel PAP
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Results
Question 1: Should Serum
Bicarbonate and/or Oxygen
Saturation by Pulse Oximetry
Rather Than PaCO2

in
Arterial Blood Be Used to
Screen for OHS in Obese
Adults with Sleep-disordered
Breathing?

Question 2: Should Adults with
OHS Be Treated with PAP—

Either CPAP or NIV—or Not
Be Treated with PAP?

Question 3: Should Adults with
OHS Be Treated with CPAP or
with NIV?

Question 4: Should Hospitalized
Adults Suspected of Having
OHS, in Whom the Diagnosis
Has Not Yet Been Made, Be
Discharged from the Hospital
with or without PAP Treatment

Until the Diagnosis of OHS Is
Either Confirmed or Ruled Out?

Question 5: Should a Weight-Loss
Intervention or No Such
Intervention Be Used for Adults
with OHS?

Discussion
Plans for Updating These
Guidelines

Adapting Recommendations
Locally

Overview

The purpose of this guideline is to improve
early recognition of obesity hypoventilation
syndrome (OHS) and advise clinicians
concerning the management of OHS, with
the goal of reducing variability in clinical
practice. The guideline should empower
clinicians to make appropriate clinical
decisions about the management
of patients with OHS in the context of
individual patient values and preferences.
For each recommendation, the reader is
strongly encouraged to consider both the
summary of the evidence reviewed and
discussed by the panel as well as the remarks
for each specific question, including the
values and preferences. Undoubtedly, no
guideline can account for all clinical
scenarios.

A panel of sleep and pulmonary
physicians, intensivists, a hospitalist, a
pulmonary hypertension specialist, a
respiratory therapist, experts in weight
reduction in patients with sleep-disordered
breathing (SDB), methodologists, and
a patient representative identified
priority questions, reviewed the relevant
literature, and followed the Grading of
Recommendations, Assessment,
Development, and Evaluation (GRADE)
approach to assess the evidence and
formulate recommendations. The
panel considered several questions that
might be raised in the acute and chronic
settings of primary, secondary, and
tertiary levels of health care. In this
document, we addressed five questions
related to early recognition and
management of OHS that the
panel identified as most important from
the perspective of practicing clinicians and
provided recommendations (Table 1).

Introduction

OHS is defined by the combination of
obesity (bodymass index [BMI]> 30 kg/m2),
SDB, and awake daytime hypercapnia
(awake resting PaCO2

> 45 mm Hg
at sea level), after excluding other
causes for hypoventilation (1, 2). OHS is
the most severe form of obesity-induced
respiratory compromise and leads to
serious sequelae, including increased rates
of mortality, chronic heart failure,
pulmonary hypertension, and
hospitalization due to acute-on-chronic
hypercapnic respiratory failure, among
others (3, 4).

Severe obesity is a major risk
factor for the development of OHS. In
recent decades, the prevalence of obesity
and severe obesity (class III or BMI> 40
kg/m2) has increased worldwide (5).
The CDC estimated that 7.6% of
the adult U.S. population has a BMI >40
kg/m2 (6). Although the prevalence
of OHS in the general population is
unknown, it is likely to increase
concurrent with the epidemic of
obesity. Multiple studies have reported
a prevalence of OHS between 8%
and 20% in obese patients referred
to sleep centers for evaluation of SDB
(7–10).

Although the definition of OHS suggests
a diurnal pathology, polysomnography
or sleep respiratory polygraphy is
required to determine the pattern of SDB
and hypoventilation (obstructive or
nonobstructive), to tailor treatment, and
to establish the optimal settings of
positive airway pressure (PAP) therapy.
Approximately 90% of patients with OHS
have coexistent obstructive sleep apnea
(OSA) defined by an apnea–hypopnea index
(AHI)>5 events/h, with nearly 70% having
severe OSA (AHI> 30 events/h) (11).

The remaining 10% of patients with
OHS without OSA (AHI, 5 events/h)
have nonobstructive, sleep-dependent
hypoventilation (12).

PAP has become the primary
management option for controlling
SDB and reversing awake hypoventilation
in patients with OHS. The most
commonly prescribed PAP treatment
modalities are noninvasive ventilation
(NIV) or continuous PAP (CPAP). NIV
consists of the application of positive-
pressure ventilation, usually with bilevel
PAP settings (with or without a backup
respiratory rate) or volume-targeted
pressure support, an autotitrating
pressure support mode that delivers
to a preset target volume and includes
backup respiratory rate. Despite
the availability of effective therapies,
most patients with OHS remain
undiagnosed and untreated until late
in the course of the disease when
they present to high-acuity settings
with acute-on-chronic hypercapnic
respiratory failure (13, 14) or, alternatively,
when ambulatory care is escalated to
include evaluation by pulmonary or sleep
specialists (12). During this delay, patients
with OHS use more healthcare resources
than eucapnic patients of comparable
obesity (15). Unfortunately, OHS is
misdiagnosed even in patients with severe
obesity who are hospitalized with
hypercapnic respiratory failure (16). Early
recognition and effective treatment are
important in improving morbidity and
mortality.

To address gaps in diagnosis and
management and improve patient-centered
outcomes, the American Thoracic Society
(ATS) commissioned this multidisciplinary
panel to generate evidence-based
recommendations for evaluation and
management of patients with OHS.
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Table 1. Summary of Recommendations

Recommendation Explanations and Other Considerations

Question 1: Should serum bicarbonate (HCO3
2) and/or SpO2

rather than PaCO2
be used to screen for OHS in obese adults with

sleep-disordered breathing?
Recommendation 1A: For obese patients with sleep-disordered
breathing with a high pretest probability of having OHS,
we suggest measuring PaCO2

rather than serum bicarbonate
or SpO2

to diagnose OHS (conditional recommendation, very
low level of certainty in the evidence).

Patients with a high pretest probability of having OHS are usually
severely obese with typical signs and symptoms of OHS and can
be mildly hypoxemic during wake and/or significantly hypoxemic
during sleep.

This is a recommendation for screening for OHS in patients with
sleep-disordered breathing, most typically OSA.

Recommendation 1B: For patients with low to moderate probability
of having OHS (,20%), we suggest using serum bicarbonate level
to decide when to measure PaCO2

: in patients with serum
bicarbonate ,27 mmol/L, clinicians might forego measuring PaCO2

,
as the diagnosis of OHS in them is very unlikely; in patients with
serum bicarbonate >27 mmol/L, clinicians might need to measure
PaCO2

to confirm or rule out the diagnosis of OHS (conditional
recommendation, very low level of certainty in the evidence).

Using a 27-mmol/L threshold in serum bicarbonate in obese patients
with OSA and low to moderate clinical suspicion of OHS (initial
probability of OHS not more than 20%) would likely permit forgoing
further testing, such as arterial blood gases, in those with
bicarbonate level,27 mmol/L (64–74% of obese patients with OSA)
and performing arterial blood gas analysis only in those with serum
bicarbonate >27 mmol/L (26–36% of obese patients with OSA).

We found insufficient evidence for serum bicarbonate thresholds
other than 27 mmol/L.

Recommendation 1C: We suggest that clinicians avoid using
SpO2

during wakefulness to decide when to measure PaCO2
in

patients suspected of having OHS until more data about
the usefulness of SpO2

in this context become available
(conditional recommendation, very low level of certainty in the
evidence).

We found insufficient data to investigate the clinical usefulness of any
threshold of awake SpO2

for screening for OHS in obese patients
with OSA. Guideline panel members believed that relevant studies
have to be done before the clinical usefulness of awake SpO2

in this
context can be assessed. This is a temporary recommendation
reflecting lack of evidence about a potentially useful intervention,
rather than evidence that it is not useful. Thus, this
recommendation should not be used as an argument against
additional research and will likely change once additional data are
available.

Question 2: Should adults with OHS be treated with PAP—either CPAP or NIV—or not be treated with PAP?
Recommendation 2: For stable ambulatory patients diagnosed with
OHS, we suggest treatment with PAP during sleep (conditional
recommendation, very low level of certainty in the evidence).

Note: Patients with symptomatic OHS who have significant
comorbidities and those with chronic respiratory failure after an
episode of acute-on-chronic hypercapnic respiratory failure may
particularly benefit from using PAP.

Question 3: Should adults with OHS be treated with CPAP or with NIV?
Recommendation 3: For stable ambulatory patients diagnosed with
OHS and concomitant severe OSA (apnea–hypopnea index>30
events/h), we suggest initiating first-line treatment with CPAP
therapy rather than NIV (conditional recommendation, very low
level of certainty in the evidence).

More than 70% of patients with OHS also have severe OSA;
therefore, this recommendation applies to the majority of patients
with OHS who have concomitant severe OSA. However, panel
members lacked certainty on the clinical benefits of initiating
treatment with CPAP, rather than NIV, in patients with OHS who
have sleep hypoventilation without severe OSA.

Question 4: Should hospitalized adults suspected of having OHS, in whom the diagnosis has not yet been made, be discharged from the
hospital with or without PAP treatment until the diagnosis of OHS is either confirmed or ruled out?

Recommendation 4: We suggest that hospitalized patients with
respiratory failure suspected of having OHS be started on NIV
therapy before being discharged from the hospital, until they
undergo outpatient workup and titration of PAP therapy in the
sleep laboratory, ideally within the first 3 mo after hospital
discharge (conditional recommendation, very low level of certainty
in the evidence).

Note: Discharging patients from the hospital with NIV should
not be a substitute for arranging the outpatient sleep
study and PAP titration in the sleep laboratory, as soon as it is
feasible.

Question 5: Should a weight-loss intervention or no such intervention be used for adults with OHS?
Recommendation 5: For patients with OHS, we suggest using
weight-loss interventions that produce sustained weight loss of
25–30% of actual body weight. This level of weight loss is most
likely required to achieve resolution of hypoventilation (conditional
recommendation, very low level of certainty in the evidence).

Note: Many patients may not be able to achieve this degree of
sustained weight loss despite participating in multifaceted
comprehensive weight-loss lifestyle intervention program; those
who have no contraindications may benefit from being evaluated
for bariatric surgery.

Definition of abbreviations: CPAP=continuous positive airway pressure; NIV = noninvasive ventilation; OHS=obesity hypoventilation syndrome;
OSA=obstructive sleep apnea; PAP=positive airway pressure; SpO2

= oxygen saturation by pulse oximetry.
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The panel opted to narrow the focus of the
guidelines to clinical issues that are most
relevant to clinicians and patients.

Target Audience
Our target audience is obese adults and
their family members, pulmonologists,
intensivists, emergency medicine specialists,
sleep medicine specialists, respiratory
therapists, and sleep technologists. Primary
care physicians, hospitalists, obesity
specialists, bariatric surgeons, nursing home
personnel, and other healthcare
professionals involved in care for obese
adults may also benefit from these
guidelines.

Methods

This clinical practice guideline was
developed in accordance with ATS policies
and procedures.

Panel Composition
The project was proposed by the chair
(B.M.) and co-chair (J.F.M.) through the
ATS Sleep and Respiratory Neurobiology
Assembly and was approved by the ATS
Board of Directors. Potential panelists were
identified by the chair and co-chair, on the
basis of their expertise in pulmonary sleep
medicine, critical care medicine, hospital
medicine, respiratory therapy, weight
management in patients with SDB, and
pulmonary hypertension.

The ATS Documents Development and
Implementation Committee approved the
composition of the final panel, which
consisted of 18 members: a chair, a co-chair,
11 additional pulmonary medicine
specialists with expertise in SDB, 1
hospitalist, 1 intensivist, 1 pulmonary
hypertension specialist, and 1 respiratory
therapist. The guideline included one
patient who participated on the guideline
panel and provided perspective on patient
values and preferences. The panel worked
with one senior ATS methodologist and
three ATS Scholars, who performed the
systematic review of the literature to answer
the guideline questions and participated in
the discussions, but not in formulating
recommendations.

Conflict-of-Interest Declaration and
Management
All candidate panelists disclosed their
potential interests according to ATS policy.

The ATS staff and representatives of the
ATS Conflict of Interest Committee
reviewed the declarations, and panelists
determined to have no substantial conflicts
of interest were approved to participate
without limitations. Those with potential
conflicts of interest that were considered
manageable were allowed to participate in
discussions about the evidence but not in the
formulation of recommendations related to
their conflicts of interest. Two initially
invited panelists were disqualified because of
conflicts of interest deemed not manageable.
At least 50% of the chairs and panel
members were free from financial or
intellectual conflict of interest. The chair
(B.M.) was responsible for monitoring the
discussions for ensuring strict adherence to
these rules. A conflict-of-interest grid is
included in the online supplement.

Meetings and Conference Calls
Face-to-face meetings were held at the ATS
conferences in Washington, D.C. (May
2017) and San Diego, California (May
2018). Members who could not attend were
invited to participate via teleconference. All
panel members also met via teleconference
in June, August, and October 2018.

Formulation of Key Questions and
Selection of Outcomes of Interest
The chair and co-chair drafted the initial key
clinical questions in a PICO (Population,
Intervention, Comparator, and Outcome)
format, shared them with the panel, and
requested additional questions, leading to a
total of 19 questions identified as relevant
for clinicians. The guideline panel discussed
all questions and chose five that were
deemed to be of highest priority to be
answered (Table 1). The remaining 14
questions were identified as important, but
of lower priority in the management of
OHS, and were not addressed in this
document (Table 2).

The panel selected the following
patient-important outcomes: death, quality
of life, resolution of daytime hypercapnia
and hypoxemia, need for supplemental
oxygen, resolution of OHS, daytime
hypersomnolence, motor vehicle accidents,
sleep quality (polysomnographic measured
microarousal index), control of SDB (AHI,
time spent with nocturnal oxygen
saturations ,90%), exercise capacity,
cardiovascular events, healthcare use
(hospitalization, hospital length of
stay, emergency department visits),

improvement of pulmonary hypertension,
and PAP-related adverse effects. A patient
advocate was consulted about the
appropriateness of the questions and the
most relevant clinical outcomes (17).

Evidence Review and Development of
Clinical Recommendations
For each question, the methodologists
performed a full, systematic review of the
literature up to July 2018 using Medline,
Embase, and Cochrane CENTRAL
electronic databases to identify and
summarize the evidence about the effects of
interventions on the outcomes of interest.
Titles and abstracts, and subsequently full-
text articles, were screened in duplicate by
the senior ATS methodologist and ATS
Scholars to assess eligibility according to
prespecified criteria. Co-chairs and panel
members were consulted to confirm
eligibility criteria and completeness of the
body of evidence and whenever clinical
expertise was needed to interpret the studies.

To obtain the effect estimates of
interventions on each outcome of interest,
meta-analyses were performed using the
Cochrane Collaboration Review Manager
Software, version 5.3.5, when appropriate
(18). Results of studies were summarized in
a narrative format when their reporting did
not allow statistical analysis or when results
were judged to be too heterogeneous to
permit using a common estimate.

For Questions 2 and 3, the chair and co-
chair contacted the authors of randomized
controlled trials (RCTs) to obtain additional
information on outcomes that were
not presented in the published articles
(11, 19–22). To answer Question 4, the
chair and co-chair contacted authors of 10
published studies to request individual
patient data on hospitalized patients with
OHS (3, 14, 22–29). Individual patient data
were obtained for all except one of these
studies (23).

Evidence summaries (online
supplement) were prepared for each
question following the GRADE approach
(30), using the GRADEpro Guideline
Development Tool online application
(www.gradepro.org).

When continuous outcomes (e.g.,
symptom scores or quality of life) were
measured using different scales, the results
were combined in meta-analyses using
standardized mean difference (SMD), which
is expressed in SD units. To facilitate
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interpretation of the results when expressed
as SMD, effect sizes were used following
Cohen’s conventional criteria: an SMD of
z0.2 is considered a small effect, z0.5 a
moderate effect, and z0.8 or higher, a large
effect.

The risk of bias was assessed at
the outcome level using the Cochrane
Collaboration’s risk-of-bias tool for
randomized trials (31) and the Newcastle-
Ottawa scale (32) for observational studies
with a control group. A high risk of bias
was assumed for all single-arm studies
(which lacked control group data) and did
not assess other risk-of-bias criteria,
because doing so would not impact
decisions about the certainty of the
evidence. Subsequently, the certainty of
the evidence (i.e., confidence in the
estimated effects, also known as “quality
of the evidence”) was assessed for each of
the outcomes of interest following the
GRADE approach (33, 34). Certainty of
the evidence was categorized into four
levels: high, moderate, low, and
very low.

For each question, all information was
summarized in Evidence-to-Decision (EtD)
frameworks (online supplement) that
included concise description of desirable
and undesirable health effects, certainty of
the evidence about those effects, evidence
and assumptions about patients’ values and
preferences, required resources and cost-
effectiveness, potential influence on health
equity, acceptability of the intervention to
various stakeholders, and feasibility of
implementation (35, 36). All panel
members reviewed and discussed the EtDs
for all questions during a face-to-face
meeting at the ATS International
Conference in San Diego, California in May
2018 and during subsequent conference
calls. After the discussion, panel members
formulated final recommendations and
assessed their strength and approved them
by consensus. The final EtD frameworks are
available in the online supplement.

Recommendations were labeled as
either “strong” or “conditional” according
to the GRADE approach. The panel could
use the words “we recommend” for strong

recommendations and “we suggest” for
conditional recommendations. Table 3
provides suggested interpretation of strong
and conditional recommendations. All
recommendations made in this document
were conditional (“weak”) because of the
paucity and limitations of the available
evidence.

Manuscript Preparation
The chair and co-chair developed five
writing groups, one for each question. The
initial draft of the manuscript was written
by the chair and co-chair, with major
contributions from panel members. The
manuscript was then reviewed by the entire
panel. The entire committee had the
opportunity to correct errors, clarify the
presentation of background information or
evidence summaries, and suggest changes to
the rationale sections to capture face-to-face
discussions accurately. The wording of
recommendations (including strength and
direction) was not altered once the
recommendations were finalized. Once the
final manuscript was approved by the full
panel, it was submitted for external peer
review.

Peer Review
External peer review was organized and
overseen by the ATS Documents Editor.
The guideline underwent anonymous peer
review by five content experts and one
methodologist. After multiple cycles of review
and revision, the guideline was reviewed and
approved by a multidisciplinary Board of
Directors (Table 4).

How to Use These Guidelines

These guidelines provide a basis for rational,
informed decision-making by all healthcare
professionals who care for obese adults
and patients with OSA. However,
stakeholders should not treat the
recommendations in these guidelines as
binding mandates. No recommendation can
take into account all of the variable and
often compelling circumstances that
might affect the potential benefits, harms,
and burdens of an intervention in specific
cases and contexts. Thus, no one charged
with overseeing or evaluating actions of
clinicians or other stakeholders should apply
the recommendations from these guidelines
in a blanket fashion, without an
understanding of the individual patient

Table 2. Questions Initially Drafted but Not Highly Prioritized by the Panel, and Not
Addressed in This Document

1. Should screening for OHS vs. no such screening be used in obese patients with
suspected or confirmed OSA before an elective noncardiac surgery?

2. Should in-laboratory polysomnography vs. out-of-center sleep testing be used for initial
evaluation of patients who are either at risk of OHS or have established OHS?

3. Should PAP treatment in adults with OHS be guided by combined monitoring of SpO2
and

noninvasive monitoring of CO2 rather than monitoring of SpO2
alone?

4. Should treatment of OHS be tailored based on severity (e.g., level of PaCO2
, serum

bicarbonate, degree of nocturnal hypoventilation, hypoxemia, or comorbidities)?
5. Should switch to NIV vs. continued CPAP be used in patients with OHS who remain

hypercapnic despite adequate adherence to CPAP therapy for 6 to 8 weeks?
6. Should the long-term efficacy of prescribed PAP settings be monitored by

polysomnography vs. simplified home monitoring (pulse oximetry and/or capnography)?
7. Should nocturnal supplemental oxygen be added to PAP therapy vs. PAP therapy alone in

patients with OHS experiencing persistent hypoxemia despite PAP optimization?
8. Should ventilation by tracheostomy vs. continued CPAP/NIV be used in patients with OHS

who are not adherent to CPAP/NIV and have prior history of acute-on-chronic
hypercapnic respiratory failure?

9. Should a respiratory stimulant (e.g., acetazolamide) vs. no respiratory stimulant be used in
patients with OHS who have persistent hypercapnia despite adequate NIV therapy?

10. Should PAP vs. no PAP be used in the management of pulmonary hypertension in
patients with OHS?

11. Should pulmonary hypertension–specific vasodilator combined with PAP vs. PAP alone
be used in patients with OHS and pulmonary hypertension and/or right ventricular
dysfunction?

12. Should screening for comorbidities associated with OHS (i.e., metabolic syndrome,
pulmonary hypertension, coronary artery disease) vs. no such screening be used in
patients with OHS at the time of diagnosis?

13. Should PAP therapy (CPAP or NIV) vs. no PAP therapy be used in the management of
pulmonary hypertension in patients with OHS?

14. Should a bariatric procedure vs. no bariatric procedure be used as first-line therapy for
OHS?

For definition of abbreviations, see Table 1.
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context. Qualifying remarks accompanying
each recommendation should never be
omitted when quoting or translating
recommendations from these guidelines.
These statements are integral to the
recommendations and serve to facilitate
more accurate interpretation. The guideline
will be reviewed by the ATS 3 years after
publication and it will be determined if
updating is necessary.

Results

Question 1: Should Serum Bicarbonate
and/or Oxygen Saturation by Pulse
Oximetry Rather Than PaCO2

in Arterial
Blood Be Used to Screen for OHS in
Obese Adults with Sleep-disordered
Breathing?

Background. The two tests required to
diagnose OHS are a sleep study
(polysomnography or respiratory polygraphy)
to establish the presence of SDB and a
measurement of arterial blood gases during
wakefulness to establish the presence of
hypercapnia. The diagnosis of OHS can be
delayed because measurement of arterial
blood gases is not a standard practice in the
management of patients with SDB (37, 38).
Moreover, clinicians may misattribute
hypercapnia to chronic obstructive
pulmonary disease (39). Therefore, in obese
patients suspected of having SDB, simple
tests to screen for OHS are needed.
Commonly used tests to identify patients

likely to have OHS assess consequences of
hypoventilation, namely elevated serum
bicarbonate levels (i.e., total serum CO2,
which equals bicarbonate plus dissolved
CO2) and hypoxemia. The term “serum
bicarbonate” is not strictly accurate because
the chemical methods measure all CO2

liberated from the serum. Some laboratories
use the more correct term “total serum
CO2” to describe measured serum
bicarbonate. It is important to note that
bicarbonate represents 96% of total serum
CO2, and the remainder is mostly dissolved
CO2. The kidneys respond to chronic
respiratory acidosis by increasing the serum
bicarbonate level. Therefore, in the absence
of alternative causes (e.g., use of loop
diuretics), an increased serum bicarbonate
level suggests the presence of an increased
PaCO2

. Hypoxemia, another consequence of
hypercapnia as dictated by the alveolar gas
equation, can also serve as a surrogate
marker for hypercapnia. Pulse oximetry,
which is noninvasive and accessible, is an
attractive tool for identifying obese patients
who are likely to be hypercapnic. However,
hypoxemia can occur in morbidly obese
patients without hypercapnia for other
reasons.

Hence, the question posed by the panel
was whether an increased level of serum
bicarbonate and hypoxemia during
wakefulness are useful to screen obese
patients with SDB for OHS.

Summary of evidence. We identified
31 studies of interest and excluded 18
studies because they did not report the data

required to answer the posed question.
Of the remaining 13 articles we reviewed,
9 were full manuscripts (40–48) and 4 were
in abstract form (49–52). Six were
prospective (42, 43, 45, 47, 51, 52), six were
retrospective, and one had a retrospective
and a prospective design (40).

BICARBONATE LEVEL. Six studies
evaluated the bicarbonate level and provided
enough data for analysis (40–43, 45, 46). We
excluded one whose prevalence of OHS was
very low (2%), because the sample
comprised obese ambulatory patients
undergoing blood tests for a variety of
reasons (43). The prevalence of OHS in the
remaining studies ranged between 17% and
42%. Only two studies specified how serum
bicarbonate level was measured (40, 42). In
two studies, bicarbonate level was
calculated from blood gas measurements
(45, 46), and one study did not specify
whether the bicarbonate was measured or
calculated (41).

We extracted data and evaluated the
diagnostic accuracy of four serum
bicarbonate cutoffs: 26, 27, 28, and 29
mmol/L. The corresponding number of
studies that reported evaluable data for
pooled analysis was two, four, three, and
one, respectively. The cutoff value of 27
mmol/L was the only one with sufficient
data to perform a pooled analysis. One of the
four studies included a retrospective and
prospective sample and provided diagnostic
accuracy data for both samples at the cutoff
of 27 mmol/L (40). Therefore, the pooled
analysis includes five samples, with a total

Table 3. Implications of Strong and Conditional Recommendations

Strong Recommendation Conditional Recommendation

For patients Most individuals in this situation would want the
recommended course of action, and only a small
proportion would not.

Most individuals in this situation would want the
suggested course of action, but many would not.

For clinicians Most individuals should receive the recommended
course of action. Adherence to this
recommendation according to the guideline
could be used as a quality criterion or
performance indicator. Formal decision aids are
not likely to be needed to help individuals make
decisions consistent with their values and
preferences.

Recognize that different choices will be appropriate
for different patients and that you must help each
patient arrive at a management decision consistent
with her or his values and preferences. Decision aids
may well be useful in helping individuals making
decisions consistent with their values and
preferences. Clinicians should expect to spend more
time with patients when working toward a decision.

For policy makers The recommendation can be adopted as policy in
most situations, including for use as performance
indicators.

Policy making will require substantial debate and
involvement of many stakeholders. Policies are
also more likely to vary between regions.
Performance indicators would have to focus on the
fact that adequate deliberation about the
management options has taken place.
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of 335 patients with OHS and 1,037 obese
patients without OHS. The pooled
sensitivity was 0.86 (95% confidence
interval [CI], 0.70–0.94), and the pooled
specificity was 0.77 (95% CI, 0.60–0.89).
The diagnostic performance of the pooled
sensitivity and specificity was simulated in
three hypothetical populations of 1,000
obese patients with SDB that have
different prevalence (pretest probabilities)
of OHS. Although it is difficult to estimate
the exact prevalence of OHS, we used BMI
as a rough estimate to determine the
prevalence of OHS in these populations.
In general, a prevalence of 5% is typically
seen in patients with SDB with BMI of 30 to
34.9 kg/m2, 10% is typically seen in patients
with BMI of 35 to 40 kg/m2, and 20% is
seen in patients with BMI .40 kg/m2 (7).

A bicarbonate level ,27 mmol/L
effectively rules out hypercapnia, irrespective
of the prevalence of OHS. In a
population with an OHS prevalence of 5%
(for example, patients with BMI 30–34.9
kg/m2) or 50 cases of OHS per 1,000
patients, bicarbonate level ,27 mmol/L
would lead to seven false-negative results
(95% CI, 5–13). In a patient population
with an OHS prevalence of 10% (BMI of
35–40 kg/m2) or 100 cases per 1,000
patients, a bicarbonate level ,27 mmol/L
would lead to 14 false-negative results out

of 1,000 patients tested (95% CI, 6–30).
Last, in a patient population with an OHS
prevalence of 20% (BMI of .40 kg/m2), a
bicarbonate level ,27 mmol/L would lead
to 28 false-negative results per 1,000
patients tested (95% CI, 12–60). Therefore,
a bicarbonate level ,27 mmol/L has a very
high negative predictive value (99.0%; 95%
CI, 97.9–99.6%), making it effective in
ruling out OHS in situations where the
pretest probability can be as high as 20%.
Consequently, a bicarbonate level >27
mmol/L was most useful when the likely
prevalence of OHS was 20% or higher,
resulting in a positive predictive value of
48.3% (95% CI, 34.9–66.1%). The positive
predictive value decreased to 29.3% (95%
CI, 19.2–46.4%) when the prevalence of
OHS was 10% and decreased further to
16.4% (95% CI, 10.1–29.0%) when the
prevalence was 5%.

DAYTIME AND NOCTURNAL HYPOXEMIA.
Nine studies evaluated hypoxemia by pulse
oximetry (41, 42, 44, 45, 47–51) and had
prevalence of OHS between 17% and 66%.
We identified 14 different measures of
hypoxemia in these studies, including: awake
oxygen saturation by pulse oximetry (SpO2

)
below a defined threshold (92–98%), sleep
SpO2

below 90% for various percentages of
sleep time (10–46%), nadir SpO2

during sleep
below a defined threshold (76% or 80%),

mean SpO2
during sleep below 90%, or a

combination of SpO2
and bicarbonate level.

This heterogeneity precluded pooling of
the data.

Panel judgement. The panel acknowledged
the significant variability in the accuracy of
serum bicarbonate to screen obese patients
with SDB for OHS, leading to uncertainty
regarding the pooled accuracy and the
consequences of using bicarbonate level in
the management of patients with SDB. Yet,
the panel placed high importance on
identifying patients with OHS and favored
using the bicarbonate level to stratify patients
with SDB who should have an arterial blood
gas to measure the PaCO2

to confirm the
presence of hypercapnia over not measuring
PaCO2

at all or measuring it in all obese
patients with SDB. This decision was also
favored because serum bicarbonate levels are
frequently available for clinicians (feasibility),
and using them could reduce unnecessary
measurements of arterial blood gases
(moderate cost savings and a reduction in
patient discomfort from arterial punctures).
The panel speculated that hypercapnia is
probably mild in the very few cases of OHS
missed when the bicarbonate level is ,27
mmol/L. The panel’s judgements are
summarized in the online supplement.

ATS recommendation. The panel
suggests that clinicians should measure
PaCO2

in obese patients with SDB who are
strongly suspected of having OHS. Clinical
features to assess such risk include severe
obesity with typical signs and symptoms of
OSA/OHS, and mild hypoxemia while
awake, significant hypoxemia during sleep,
or both. The panel suggests that clinicians
use a serum bicarbonate level of 27 mmol/L
to decide when to measure PaCO2

in
patients with low to moderate probability of
having OHS (i.e., ,20%, for example
patients with a BMI of 30–40 kg/m2).
A bicarbonate level ,27 mmol/L
precludes the need for an arterial blood gas
measurement in this population.
Consequently, a bicarbonate level
>27 mmol/L should trigger clinicians to
measure PaCO2

as a confirmatory diagnostic
test, especially when the pretest probability
of OHS is 10 to 20% (generally a BMI
.35 kg/m2).

1. Recommendation 1A: For obese
patients with SDB who are strongly
suspected of having OHS, we suggest
measuring PaCO2

rather than
serum bicarbonate or SpO2

to diagnose

Table 4. Summary of Guideline Development Methods

Activity Yes No

Panel assembly included experts from various
relevant clinical and nonclinical disciplines

✓

Management of conflict of interest in the guideline
development group and establishing transparency

✓

Included a methodologist with appropriate expertise
(documented expertise in conducting systematic
reviews to identify the evidence base and the
development of evidence-based
recommendations)

✓

Included an individual who represents the views of
patients and society at large

✓

Literature review performed in collaboration with
methodologists

✓

Searched multiple electronic databases; reviewed
reference lists of retrieved articles

✓

Evidence synthesis applied prespecified inclusion
and exclusion criteria

✓

Evaluated included studies for sources of bias ✓
Used GRADE to describe quality of evidence ✓
Generation of recommendations used GRADE to rate
the strength of recommendations

✓

External review ✓

Definition of abbreviation: GRADE=Grading of Recommendations, Assessment, Development, and
Evaluation.
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OHS (conditional recommendation,
very low level of certainty in the
evidence).

2. Recommendation 1B: For patients with
low to moderate probability of having
OHS (pretest probability, 20%), we
suggest using serum bicarbonate level to
decide whether to measure PaCO2

: in
patients with serum bicarbonate
,27 mmol/L, clinicians might forego
measuring PaCO2

, as the diagnosis of
OHS is very unlikely; in patients with
serum bicarbonate >27 mmol/L,
clinicians might need to measure
PaCO2

to confirm or rule out the
diagnosis of OHS (conditional
recommendation, very low level of
certainty in the evidence).

3. Recommendation 1C: We suggest that
clinicians do not use SpO2

to decide
when to measure PaCO2

in patients
suspected of having OHS until more
data about the usefulness of SpO2

in this
context become available (conditional
recommendation, very low level of
certainty in the evidence).
Remarks.

1. Remarks for Recommendation 1A:
Patients strongly suspected of having
OHS are usually severely obese with
typical signs and symptoms such as
dyspnea, nocturia, lower extremity
edema, excessive daytime sleepiness,
fatigue, loud disruptive snoring,
witnessed apneas, as well as mild
hypoxemia during wake and/or
significant hypoxemia during sleep.
This is a recommendation for screening
for OHS in obese patients with SDB,
typically OSA.

2. Remarks for Recommendation 1B:
Using a serum bicarbonate threshold of
27-mmol/L in obese patients with OSA
and low to moderate clinical suspicion
of OHS (initial probability of OHS not
more than 20%) would likely obviate the
need for further testing such as arterial
blood gases in those with bicarbonate
level ,27 mmol/L (64–74% of obese
patients with OSA), but arterial blood
gas analysis would be useful in those
with serum bicarbonate >27 mmol/L
(26–36% of obese patients with OSA).
Evidence to investigate the usefulness of
serum bicarbonate thresholds other
than 27 mmol/L was insufficient.

3. Remarks for Recommendation 1C:
Data were insufficient to investigate the
usefulness of any threshold of SpO

2
for

screening for OHS in obese patients
with OSA. This is a temporary
recommendation reflecting lack of
evidence about a potentially useful
intervention, rather than evidence that it
is not useful. Thus, this
recommendation should not be used as
an argument against additional research
and will likely change once additional
data are available.
Future research opportunities. Randomized

trials are necessary to ascertain whether
screening obese patients with SDB for OHS
using bicarbonate levels or oxygen
saturation will improve patient outcomes
and reduce healthcare use.

Question 2: Should Adults with OHS
Be Treated with PAP—Either CPAP or
NIV—or Not Be Treated with PAP?

Background. Effective treatment of OHS
with PAP was first reported in a case series
in 1983 (53). Since then, multiple
observational studies and a few randomized
trials assessing the efficacy of PAP in OHS
have been performed. However, given
PAP’s effectiveness in treating OHS,
conducting large, long-term, randomized
trials of PAP versus no PAP in patients
with symptomatic OHS poses ethical
challenges. The formulated question
referred to the use of PAP therapy and
includes studies using CPAP or NIV, either
alone or in combination depending on the
OHS phenotype.

Summary of evidence. We identified
32 articles: 27 were single-arm case series
(3, 14, 16, 23–26, 28, 54–72), 2 were
observational studies with a control group
published in abstract form (29, 73), and 3
were RCTs (11, 19, 21).

For the critical outcome of death, data
could be pooled from three RCTs (11, 19,
21). However, because of the very low
number of events (PAP, 0 of 209; no
PAP, 0 of 205) and short follow-up period
(1–2 mo), the estimated effect size was of
low certainty with a serious risk of bias
(estimated mortality, 0 of 1,000; 95% CI,
113 deaths to 213 deaths). Although 21
observational studies reported mortality,
because of significant variation in their
patient populations (stable chronic or
post-acute respiratory failure), duration of
follow-up, and use of control groups,
pooling of these data was not possible.

The use of PAP improved control of
OSA (pooled data from two RCTs, n= 235:

mean difference in AHI, 250 events/h;
95% CI, 242 to 258 events/h) (11, 21) and
other parameters of SDB (pooled data from
three RCTs, n= 319: mean difference in
percentage of total sleep time spent with
SpO2

,90%, 231%; 95% CI, 225% to
238%) (11, 19, 21). The improved control
of SDB was followed by improvements in
daytime respiratory failure (pooled data
from three RCTs, n= 319: mean difference
in awake PaO2

, 3.2 mm Hg; 95% CI,
0.8–5.5 mm Hg; mean difference in awake
PaCO2

, 22.4 mm Hg; 95% CI, 21.0 to
23.8 mm Hg) (11, 19, 21). With PAP,
90% of the patients achieved an awake PaO2

greater than 55 mm Hg compared with
78.3% not treated with PAP. Using this
threshold of awake hypoxemia for prescription
of supplemental oxygen therapy, 13 fewer
patients per 100 treated with PAP (95% CI, 3
fewer to 23 fewer) would require supplemental
oxygen during wakefulness (11, 19).

Sleep quality also improved, using both
objective and subjective measures. In
patients with OHS treated with PAP, the
microarousal index, measured on
polysomnogram, improved. Data pooled
from two RCTs of patients with significant
concomitant OSA (n= 235) showed a mean
difference in microarousals of235 events/h
(95% CI, 228 to 243 events/h) (11, 21). In
patients with OHS but without severe OSA,
data from a single RCT (n= 84) showed a
mean difference in microarousals of 210
events/h (95% CI, 26 to 247events/h)
(19). Using the Functional Outcome of
Sleep Questionnaire as a measure of sleep
quality, data pooled from two RCTs
(n= 284) showed a mean difference of 6.6
(95% CI, 2.5 to 10.7) with PAP therapy
(11, 19). Daytime sleepiness improved
significantly (data pooled from three RCTs,
n= 319: mean difference in Epworth
Sleepiness Scale score, 22.5; 95% CI, 21.0
to 24.0) (11, 19, 21). Short-term rates of
hospitalization were reduced by PAP, but
the event rate was low and data were
reported in only one RCT (19). Longer-
term data suggest high rates of
hospitalization in patients with OHS on
PAP but without a comparison group
(data from five observational studies: 10%
at 3 mo to 49% at 5 yr) (20, 22, 65, 70, 74).

The evidence underpinning this
recommendation has several limitations.
The majority of the studies are observational
rather than RCTs, and the inclusion criteria,
length of follow-up and titration of PAP
were not standardized. Furthermore, for
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many of the outcomes reported, only a few
articles provided data on relatively few
patients. Therefore, some of the reported
data are at serious risk of bias, and the level
of certainty regarding reported outcomes is
low to very low, with the exception of sleep
quality, which is reported to moderate
certainty. Themajority of the RCT data were
from a large, well-conducted multicenter
study in a developed European nation,
which may affect generalizability (11). The
RCTs identified by the literature search
were limited by the lack of a sham device or
placebo and of blinding of patients and
clinicians to allocated treatment.

Panel judgement. Notwithstanding the
limitations of the available evidence, the
panel agreed that the desirable effects of
PAP outweigh its undesirable effects, which
the panel deemed trivial. The panel
surmised that costs of treating patients with
OHS with PAP were moderate, with
regional differences, but could not
determine the cost-effectiveness of this
treatment, because an economic analysis has
not been published yet. In healthcare
systems where the cost of PAP is not
reimbursed by a third-party payer, direct
out-of-pocket expenses may pose a barrier
to obtaining therapy. Moreover, additional
intervention to support adherence incurs
indirect expenses (i.e., behavioral
approaches and frequent follow-up). The
panel’s judgements are summarized in the
online supplement.

ATS recommendation. For stable
ambulatory patients diagnosed with OHS,
we suggest treatment with PAP during sleep
(conditional recommendation, very low level
of certainty in the evidence).

Remarks. The panel acknowledged that
patients with symptomatic OHS who have
comorbidities (defined as stage IV OHS by
the European Respiratory Society) (2) and
those with chronic respiratory failure after
an episode of acute respiratory failure (see
also Question 4) were likely to benefit most.
In patients with mild OHS (i.e., patients
with mildly elevated awake PaCO2

between
45 and 50 mm Hg) or borderline OHS
(stage I and II of obesity-associated sleep
hypoventilation as defined by the European
Respiratory Society) (2), the effect was less
clear. Other than the abolition of
obstructive events in patients with OSA,
insufficient evidence exists to recommend a
specific policy regarding PAP titration for
OHS. Data on optimal targets for titration
of PAP are limited in OHS, and accepted

core outcome measures to assess treatment
efficacy are lacking. The consensus
opinion is that PAP should be titrated based
on the individual’s overnight respiratory
monitoring. There is insufficient evidence
to recommend specific monitoring
parameters, but, as a minimum, overnight
monitoring should include continuous
oximetry. The use of only empiric settings
for initial PAP in patients with OHS,
without guidance of overnight physiological
assessment, is not ideal. Once PAP
treatment is established, patients should
receive standardized education and training
regarding device and interface usage with
early (4–8 wk) follow-up to assess clinical
and physiological response to PAP.

Follow-up assessment of patients on
PAP should include monitoring objective
adherence to therapy, as data show that
higher rates of adherence to PAP are
associated with superior control of
respiratory failure in OHS (20, 27, 63).
Among patients with eucapnic OSA,
telemonitoring and educational support
have been shown to improve patient
adherence to PAP (75), but no such data
exist in patients with OHS. Nevertheless,
guidance on the use of ventilator-derived
data in patients with eucapnic OSA on PAP
can be reasonably extrapolated to patients
with OHS (76).

Future research opportunities. The use
of PAP for OHS is standard practice, so
long-term trials to compare its efficacy
against an untreated control population are
not ethical in those with significant
symptoms or more severe respiratory
failure. Currently, the minimum threshold
of adherence to PAP to reduce symptoms,
cardiovascular risk, or mortality is
unknown. In addition, the assessment
methods and targets that represent adequate
control of SDB remain undefined in this
population. Use of telemonitoring and PAP
device data in guiding clinical decision-
making in the management of patients with
OHS requires focused research to assess
clinical benefit and cost-effectiveness.

Question 3: Should Adults with OHS
Be Treated with CPAP or with NIV?

Background. PAP is the primarymanagement
option for controlling SDB and
reversing awake hypercapnia in patients
diagnosed with OHS. Therapy can be
delivered using either CPAP or NIV during
sleep. However, the optimal mode of PAP to

correct gas exchange and improve long-term
outcomes in this population has not been
fully elucidated.

Observational studies and RCTs
have reported improvements in awake
respiratory failure, symptoms, and quality of
life to a similar degree in both CPAP- and
NIV-treated individuals with OHS (11, 20,
22, 55, 58, 63, 77–80). Although CPAP does
not increase alveolar ventilation, it can
improve awake respiratory failure by
facilitating the unloading of CO2

accumulated during complete or partial
airflow obstruction during sleep (81, 82).
Because .70% of people with OHS have
concomitant severe OSA (11), CPAP may
be effective in improving nocturnal and
awake gas exchange in at least a subset of
these individuals.

Despite the physiologic benefits of
CPAP, several surveys of home ventilation
practices show that OHS is a major
indication for home nocturnal NIV therapy
(83–85). In part, NIV prescription in the
home setting may follow its initial
prescription for acute respiratory failure
(26, 27), without consideration of switching
to CPAP (86). In patients with stable
hypercapnic respiratory failure, the
response to CPAP is often monitored over a
single night, and the inability to maintain
oxyhemoglobin saturation above 85% to
90% within this short time is considered
“CPAP failure.” This triggers a switch to
long-term NIV (63, 65, 87). A small,
prospective study found that the majority
of patients with stable OHS may be
transferred from NIV to CPAP without
worsening gas exchange, sleep quality, or
quality of life (86). However, the paucity of
robust data affirming long-term clinical
benefits of CPAP treatment may dissuade
clinicians from treating OHS with CPAP.
Conversely, the higher cost and increased
complexity and skill required for titration
may limit access to NIV. Although CPAP
therapy may offer significant reductions in
equipment costs compared with NIV (20,
86), benefits arising from these lower initial
set-up costs will be quickly outweighed if
CPAP is also associated with higher
ongoing healthcare use.

Summary of evidence. Our search
identified three RCTs comparing NIV to
CPAP (11, 20, 22, 80). Data from the large
Spanish Pickwick trial was reported by two
studies (11, 20). One of the trials enrolled
participants presenting with either chronic
stable respiratory failure or after a hospital
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admission with acute respiratory acidosis,
after a short period of stabilization and
normalization of pH on bilevel PAP
therapy, before being randomized (22).
Participants in the other three studies
presented with chronic stable respiratory
failure (11, 20, 80). One study excluded
9 out of 45 participants with severe
persisting nocturnal desaturation during
CPAP titration (SpO2

, 80% for
.10 min or increase in transcutaneous
CO2. 10 mm Hg) (80). The other three
studies had no exclusion criteria on the
basis of initial PAP titration failure (11, 20,
22). Participants were younger (mean age,
z52 yr) and heavier (mean BMI, 53
kg/m2) in the Australian studies (22, 80)
than in the Spanish study (mean age, 60 yr;
BMI, 44 kg/m2) (11). The percentage of
women in the two Australian studies was
47% (22) and 36% (80). In contrast, 56% of
the participants in the Spanish Pickwick
trial were women (11). Participants in all
three trials demonstrated concomitant
OSA in addition to OHS, with mean AHI
.60 events/h. On average, adherence to
CPAP and NIV were similar (5 to 6
h/night, with CPAP used only 7 min/night
less than NIV; 95% CI, 43 min less to
29 min more). The duration of these RCTs
was either short term (for up to 3 mo [11,
22, 80]) or long term (for up to 5 yr [20]).

The resolution of hypercapnia
(i.e., awake PaCO2

, 45 mm Hg) occurred to
a similar extent in both NIV- and CPAP-
treated patients. During short-term follow-
up, 46.6% of individuals treated with NIV
and 36.3% treated with CPAP had a PaCO2

,45 mm Hg (11 more per 100 NIV-treated
patients; 95% CI, 2 fewer to 28 more;
relative risk [RR], 1.29; 95% CI, 0.94–1.77)
(11, 22, 80). During long-term follow-up,
51.9% treated with NIV and 40.7% treated
with CPAP had a PaCO2

,45 mm Hg (11
more per 100 NIV-treated patients; 95% CI,
4 fewer to 32 more; RR, 1.28; 95% CI,
0.91–1.79) (20). There was no difference
in the degree of improvement in PaO2

between NIV and CPAP. Moreover, the
need for oxygen supplementation during
wakefulness, on the basis of an awake PaO2

,55 mm Hg, was not different during both
short-term (11, 22, 80) and long-term
follow-up (20). Similarly, resolution of
daytime sleepiness, as assessed by an
Epworth Sleepiness Score ,10 after therapy,
occurred at similar rates in NIV and CPAP
groups, in both short-term (11, 22, 80) (RR,
1.04; 95% CI, 0.87 to 1.23) and longer-term

(RR, 1.04; 95% CI, 0.86 to 1.26) (20) follow-
up. Changes in quality of life from three
short-term trials (11, 22, 80) and one
long-term trial (20) were not different.

No deaths were recorded in three short-
term studies, which included 311 patients
treated with either NIV or CPAP (11, 22,
80). After 5 years of following 204
participants, mortality rates were similar
between NIV- and CPAP-treated groups
(NIV 11% vs. CPAP 15%; adjusted hazard
ratio, 0.82; 95% CI, 0.36–1.87; P= 0.631)
(20). Similarly, there was no difference in
composite cardiovascular events (RR, 1.17;
95% CI, 0.56–2.44) between NIV and
CPAP groups during long-term follow-up.
Two studies reported hospitalization rates;
in one study of 3 months’ duration (22), 3
of 29 patients allocated to CPAP required
hospitalization versus 3 of 31 patients using
NIV (RR, 1.07; 95% CI, 0.23–4.88). In the
long-term study, over a median of 5.2 years,
48 of 107 patients receiving CPAP were
hospitalized compared with 51 of the 97
NIV users (RR, 0.85; 95% CI, 0.64–1.13)
(20). No difference between NIV and CPAP
was found for other outcomes considered
important by the panel, including awake
hypoxemia, hypercapnia, percentage of night
spent with oxygen saturation ,90%, AHI,
mood, or emergency department visits.
Exercise capacity was reported in one study
of 2 months’ duration with an increase in 6-
minute-walk distance of 26 m, favoring NIV
(11). However, when these patients were
followed long term, there was no significant
difference in 6-minute-walk distance
between NIV and CPAP (20). No study
reported on motor vehicle accidents.

Panel judgement. The panel assessed
that the difference in outcomes between
NIV and CPAP in stable ambulatory
patients with OHS with concomitant severe
OSA would be trivial. However, the panel
acknowledged that NIV may offer greater
benefits than CPAP among patients with
OHS who did not have concomitant severe
OSA (i.e., AHI, 30 events/h). The panel’s
judgements are summarized in the online
supplement.

ATS recommendation. After reviewing
current evidence, we suggest CPAP rather
than NIV be used as the initial treatment of
stable ambulatory adult patients with OHS
and concurrent severe OSA (AHI> 30
events/h) presenting with chronic stable
respiratory failure. Importantly, .70% of
patients with OHS have severe OSA.
Therefore, this recommendation is

applicable to the majority of patients with
OHS. However, there is less certainty in
patients with OHS who do not have
concomitant severe OSA (conditional
recommendation, very low level of certainty
in the evidence).

Remarks. Although the current data do
not favor one form of PAP therapy over
another in people with stable chronic OHS,
further studies are needed to confirm this
position. Improvements in awake
hypercapnia may be achieved more slowly
with CPAP than with NIV during the initial
weeks of treatment. Patients presenting with
a greater degree of initial ventilatory failure,
poorer lung function, advanced age, or less
severe OSA may be less likely to respond to
CPAP (22, 63, 88). The variation in
response to therapy requires close
monitoring of the patient, especially during
the first 2 months of treatment, to ensure
improvement is achieved and sustained,
with adjustment of therapy as appropriate.
This particularly applies to patients with
OHS without severe OSA who are
prescribed CPAP.

There are also moderate cost
implications around the choice of PAP
therapy, with NIV being substantially more
expensive than CPAP (20). In addition,
NIV may require more resources for
titration and equipment training. These
considerations may delay access to NIV in
comparison to CPAP, particularly in areas
where skills necessary for more complex
NIV devices are limited or where economic
resources are a consideration. Similar levels
of adherence are reported with CPAP and
NIV, of 5 to 6 h/night. Previous work has
suggested adherence is an important
modifiable predictor of hypercapnia in
OHS (55, 63).

Future research opportunities. In a
recent RCT, long-term CPAP therapy was
associated with lower cost than NIV therapy
(20). Whether this cost difference leads to
long-term cost-effectiveness requires
further investigation. Similarly, studies
evaluating the impact of various PAP
modes in patients with OHS without severe
OSA are needed. Data are also lacking to
guide decisions regarding the timing and
benefits of transferring patients with OHS
who present with acute respiratory acidosis
to CPAP, after they are treated initially with
NIV, or whether long-term NIV is superior
to CPAP in more severe forms of OHS.
The panel identified these as high-priority
areas for research.
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Question 4: Should Hospitalized
Adults Suspected of Having OHS, in
Whom the Diagnosis Has Not Yet
Been Made, Be Discharged from the
Hospital with or without PAP
Treatment Until the Diagnosis of OHS
Is Either Confirmed or Ruled Out?

Background. Hospitalized patients
suspected of having OHS who develop an
acute-on-chronic hypercapnic respiratory
failure have higher short-term (1–2 yr)
mortality than ambulatory patients
with OHS (16). Whether prescribing
empiric PAP at the time of hospital
discharge versus awaiting outpatient
workup (i.e., outpatient sleep study and
outpatient PAP titration in the sleep
laboratory) reduces mortality is unknown.
No RCTs have addressed this question, but
one observational study reported a
mortality of 23% at 18 months in patients
discharged from the hospital without PAP
(23). In contrast, in another observational
study in which all patients were
discharged on NIV, the 2-year mortality
rate was 8% (24). In lieu of the paucity of
data, the panel identified studies that
included hospitalized patients with OHS or
hospitalized patients suspected of having
OHS and requested individual patient data
from the authors.

Summary of evidence. We identified 10
studies that included hospitalized patients
(3, 14, 22–29). The chair and co-chair
requested and obtained limited individual
data from the authors regarding patients
who survived hospitalization and obtained
these data for all but one study (23). The
requested data were age, sex, BMI, baseline
arterial blood gases (pH, PaCO2

, and PaO2
),

arterial blood gases on discharge if
available, FEV1, FVC, FEV1/FVC, whether
the patient was discharged on PAP, and
all-cause mortality at 3 months. For the
critical outcome of death, the panel agreed
that 3-month survival is more likely related
to the recent hospitalization. Other
outcomes were unavailable from most of
the studies.

In three studies, the entire cohort
consisted of hospitalized patients (14, 24,
29). The remaining six studies had a
subgroup of patients who were hospitalized
(3, 22, 25–28). In aggregate, there
were 1,162 hospitalized patients with OHS
or suspected of having OHS who survived
hospitalization and were discharged.
Of these, 119 (10%) were discharged

without PAP and 1,043 (90%) on PAP.
In seven studies (n= 955), NIV was
prescribed on hospital discharge (3, 24–29).
The remaining two studies used
either CPAP or NIV on discharge
(14, 22). PAP prescription levels were
unavailable.

The two groups had important
differences. Those discharged without PAP
were older (736 10 yr vs. 646 13 yr;
P, 0.001), had a higher baseline PaCO2

(78.46 18 mm Hg vs. 62.26 16 mm Hg;
P, 0.001), and were more likely to be
female (14% vs. 5%; P, 0.001). Data were
missing at high rates: pH (50%), FEV1

(37%), PaO2
(23%), and BMI (8%).

At 3 months, 20 out of 119 patients
(16.8%; 95% CI, 10.6–24.8%) who were
discharged without PAP had died, as
opposed to 24 out of 1,043 patients (2.3%;
95% CI, 1.5–3.3%) discharged with PAP
(P, 0.0001). After adjusting for age, sex,
and baseline PaCO2

, the odds ratios (ORs)
for mortality were significantly lower in the
group discharged on PAP (adjusted OR,
0.16; 95% CI, 0.08–0.33; P, 0.0001;
estimated risk difference: 136 fewer deaths
per 1,000 patients, with 95% CI from 105
fewer to 152 fewer deaths). We also
explored 3-month mortality in the
subgroup of 328 patients for whom arterial
blood gases were available at baseline and
on discharge from the hospital (n= 100
discharged without PAP and n= 228
discharged on PAP). In this subgroup, there
were no differences in age (736 10 yr vs.
716 13 yr; P= 0.313), baseline pH
(7.256 0.08 vs. 7.266 0.08; P= 0.146),
baseline PaCO2

(78.86 18 mm Hg vs.
79.56 17 mm Hg; P= 0.748), pH before
discharge (7.386 0.03 vs. 7.396 0.03;
P= 0.108), and PaCO2

before discharge
(55.46 7.3 mm Hg vs. 54.56 7.2 mm Hg;
P= 0.304) in patients discharged without
PAP versus on PAP, respectively.
In this subgroup, mortality remained
higher in those discharged without PAP.
At 3 months, 9 out of 100 patients (9.0%;
95% CI, 4.2–16.4%) discharged without
PAP had died. In contrast, 10 out of 228
patients (4.4%; 95% CI, 2.1–7.9%)
discharged with PAP had died at 3 months
(P= 0.085). After adjusting for age and
sex, the OR for mortality was lower in the
group discharged on PAP (adjusted OR,
0.48; 95% CI, 0.19–1.24; estimated risk
difference, 44 fewer deaths per 1,000
patients, with 95% CI from 72 fewer to
19 more).

The evidence behind this
recommendation has key limitations.
The data are observational, because no
randomized trials exist to answer this
question. The studies had variable inclusion
and exclusion criteria, did not specify the
decision-making process to discharge with
or without PAP, and did not report other
relevant outcomes. Therefore, the reported
data are at serious risk of bias, and the level
of certainty regarding reported outcomes is
very low.

Panel judgment. The desirable effect
assessed by the panel was mortality at 3
months after hospital discharge. The panel
was certain that this outcome was important
to patients and that the difference in
mortality was large between the two groups.
Despite the limitations of the available
evidence, the panel agreed that the desirable
effects of PAP outweigh its trivial,
undesirable effects. Although cost-
effectiveness data are lacking, panel
members surmised that a majority of
patients discharged from the hospital
without PAP would likely require PAP after
an outpatient sleep study. The panel also
acknowledged the regional variations in the
cost and availability of PAP. Healthcare
settings where significant effort is required
from healthcare providers to prescribe PAP
at discharge, third party payers do not cover
PAP, or patients pay out of pocket for PAP
may have low rates of adherence to this
recommendation, leading to health inequity.
In certain situations, patients discharged on
NIV may be able to be switched to CPAP
after the sleep study. Switching to CPAP, if
appropriate, may lead to additional cost
savings in some settings.

Notwithstanding the above-mentioned
limitations, the panel agreed that
discharging patients on PAP will probably
be acceptable to key stakeholders, and
this intervention is probably feasible to
implement. Importantly, the great majority
of patients (92%) from the analyzed studies
were discharged on NIV, as opposed to
CPAP. Moreover, these patients had not
undergone sleep studies and PAP titration
studies, and, as such, the panel was
uncertain whether OHS will be as responsive
to CPAP or not (i.e., OHS phenotype
without severe OSA). Therefore, NIV
should be considered the treatment of
choice until further evaluation is performed
with subsequent sleep studies. The panel’s
judgements are summarized in the online
supplement.
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ATS recommendation. We suggest that
hospitalized patients suspected of having
OHS be started on NIV therapy before being
discharged from the hospital and continued
on NIV therapy until they undergo
outpatient workup and titration of
PAP therapy in the sleep laboratory,
ideally during the first 3 months after
hospital discharge (conditional
recommendation, very low level of
certainty in the evidence).

Remarks. When discharging patients
on NIV, clinicians may choose to discharge
them on the same NIV settings that were
used during hospitalization. The panel could
not recommend empiric settings for NIV.
In settings where NIV is not available
because of limited resources, discharging
patients on auto-PAP is preferable to no
PAP. Ultimately, discharging patients from
the hospital on NIV or auto-PAP therapy
should not be a substitute for arranging an
outpatient sleep study to appropriately
titrate PAP therapy.

Future research opportunities. There is
a need for well-designed RCTs to assess
whether patients should be discharged
on PAP (NIV or CPAP) or not. In addition
to mortality, future clinical trials
should assess the impact of PAP on
discharge on important patient-centered
outcomes, such as readmission to the
hospital, healthcare resource use, quality
of life, resolution of symptoms, and
cost-effectiveness. More research is
needed on the optimal timing of the
sleep study after a hospitalization for
acute-on-chronic hypercapnic
respiratory failure. Last, the role of
autotitrating NIV devices in lieu
of in-laboratory PAP titration requires
further investigation.

Question 5: Should a Weight-Loss
Intervention or No Such Intervention
Be Used for Adults with OHS?

Background. Obesity is a major risk factor
for the development of OHS. The current
treatment of patients with OHS focuses
mainly on treating SDB with PAP and not
on addressing the underlying obesity or
reducing overall cardiovascular risk profile.
Despite adequate adherence to PAP,
however, important cardiovascular and
metabolic risk factors related to severe
obesity persist (11, 21, 22), and
cardiovascular morbidity and mortality
rates remain high (3, 20, 55).

Weight-loss interventions can improve
OHS and OSA, as well as cardiovascular and
metabolic outcomes. Many strategies are
available to achieve weight loss. However,
losing weight and maintaining weight loss
using commercially available programs is
challenging (89). Very intensive lifestyle
intervention has been proven to be
successful in achieving weight loss in obese
patients with type 2 diabetes or prediabetes
but does not improve long-term
cardiovascular outcomes, as patients
often regain the lost weight (90, 91).
Unsurprisingly, bariatric interventions are
effective in achieving significant,
sustainable weight loss that can improve
cardiovascular and metabolic outcomes.
Moreover, the safety of bariatric procedures
has improved over time (92). Most recent
clinical trials have reported improvements
in metabolic (93–95) and cardiovascular
morbidities (96) and reductions in all-cause
and cardiovascular mortality (97, 98) in
patients undergoing laparoscopic sleeve
gastrectomy or gastric bypass surgery.
Unfortunately, the vast majority of studies
either did not assess for OHS or excluded
patients with OHS entirely.

Summary of evidence. Two randomized
trials (61, 99) and seven case series
(100–106) were identified for inclusion.
No observational studies with control groups
were identified.

Summary of randomized trials. The
first trial randomly assigned 63 patients with
BMI .35 kg/m2 and OSA (AHI. 30) or
OHS (PaCO2

. 6.5 kPa or 48.7 mm Hg) on
PAP to either laparoscopic adjustable
gastric banding (LAGB, n= 30) or to
intensive nutritional care (n= 33) and
assessed outcomes over a 3-year period
(99). Of these patients, 25 had evidence of
hypercapnia (PaCO2

. 48.7 mm Hg) and
were labeled as OHS or mixed syndrome
(i.e., OSA and OHS). Eleven of the
hypercapnic patients were in the LAGB
group and 14 were in the intensive
nutritional care group. Resolution of
OHS was arbitrarily defined as being able
to discontinue PAP with sufficient
improvement in PaCO2

. At 1 year, more
patients having LAGB were able to
discontinue PAP (35% vs. 13%, with an RR
of 2.48; 95% CI, 0.85–7.21). However, the
proportion of patients with OHS or
eucapnic OSA was unknown. At 1 year,
both groups experienced reduction in AHI;
the reduction was 22 events/h greater in the
LAGB group (95% CI, 6 fewer to 39 fewer

events per hour). This effect persisted at 3
years, with the difference in reduction in
AHI being 13 events/h (95% CI, 32 fewer to
6 more), again favoring the LAGB group.
Follow-up at 1 year indicated that the
reduction in weight was greater, by an
average of 12.9 kg (95% CI, 30.2 kg lower to
4.4 kg higher), in the LAGB versus
intensive nutritional care group. At 3 years,
weight loss continued to be greater in the
LAGB group, which lost an average of 15.7
kg (range, 36.5 kg lower to 5.1 kg higher)
more than the intensive nutritional care
group. Relative risk for adverse effects
could not be estimated, because none
were reported in the lifestyle group.
The panel’s confidence in the estimated
effects was low to very low (for weight loss
and resolution of OHS) to moderate
(for reduction in AHI), because the trial
carried a serious risk of bias due to the
small sample size (only 25 patients with
OHS), and the authors did not report
outcomes separately for the 25 patients
with OHS.

In contrast, the second trial included
only patients with OHS (BMI. 30 kg/m2

and PaCO2
. 6 kPa or 45 mm Hg) (61). All

37 patients were treated with NIV and
randomized to either an intensive lifestyle
intervention for weight loss (baseline
weight, 1396 29 kg and baseline PaCO2

,
51 mm Hg; 95% CI, 49–55 mm Hg) or to
usual care (baseline weight, 1416 31 kg
and baseline PaCO2

, 53 mm Hg; 95% CI,
49–55 mm Hg), with outcomes reassessed
at 3 months. The lifestyle intervention
consisted of a motivational session, a
personalized exercise and dietary plan,
monthly review, and weekly phone
calls/reminders. The lifestyle intervention
led to 9.66 6.7-kg weight loss. The control
group was given only nutritional and
exercise advice, which led to 3.06 6.2 kg
weight loss. The open-label study was
terminated early because of low patient
accrual, large loss to follow-up, and
unavailability of personnel to provide the
intervention. A single death was observed
among 20 patients randomized to the
control group. Only 30 patients had
available data regarding gas exchange
values at 3 months, which showed similar
reductions in daytime PaCO2

and PaO2
, as

well as nocturnal hypoxemia. In the
intensive lifestyle intervention group, the
PaCO2

decreased by 26.8 mm Hg (95% CI,
21 to 212 mm Hg), and in the control
group it decreased by 25.5 mm Hg
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Suspected OHS†

Ambulatory stable obese
patient

Hospitalized obese patient
with hypercapnic
respiratory failure

Initiate NIV treatment

NIV with empiric settings
recommended at hospital

discharge*

Discharge with NIV
not feasible*

Sleep study/PAP titration
within 3 months

CPAP titration and treatment NIV titration and treatment

Case-by-case assessment

Continue CPAP therapy Change to NIV therapy

Low/moderate
probability of OHS

High probability of
OHS

OHS highly unlikelyPerform ABG

Hypercapnia confirmed?

Yes

No

Sleep study/PAP titration

Consider bariatric surgeryConsider bariatric surgery

Serum bicarbonate
27 mmol/l

Perform other
studies or treatments

Serum bicarbonate
27 mmol/l

OHS and severe OSA
OHS with no OSA or
mild/moderate OSA

OHS Confirmed OHS not confirmed

Adequate treatment of OHS Inadequate treatment of OHS

Figure 1. Flowchart summarizing the panel’s recommendations. Obesity hypoventilation syndrome (OHS) may be suspected when symptoms lead to
pulmonary or sleep consultation in stable conditions as an outpatient or during an episode of hospitalization due to acute-on-chronic hypercapnic
respiratory failure. In the outpatient setting, the panel recommends performing a measurement of arterial blood gases (ABG) to confirm daytime
hypercapnia for patients with high pretest probability of OHS (for example, very symptomatic patients with a body mass index [BMI] .40 kg/m2) or assess
serum bicarbonate levels in cases in which there is a moderate or low pretest probability of OHS (for example, less symptomatic patients with a BMI of
30–40 kg/m2). When the bicarbonate level is >27 mmol/L, the panel recommends a confirmatory measurement of ABG to confirm the presence of
hypercapnia and to carry out a sleep study to ascertain the presence and severity of sleep-disordered breathing. If the serum bicarbonate level is
,27 mmol/L, OHS is highly unlikely. For management of hospitalized patients in acute-on-chronic respiratory failure treated with noninvasive ventilation (NIV)
treatment, the panel recommends that patients be discharged on empiric NIV settings because of high risk of short-term (3 mo) mortality without therapy.
The panel also recommends evaluation with a sleep study and positive airway pressure (PAP) titration in the sleep laboratory as early as possible after
discharge from the hospital, ideally within 3 months of discharge. If the sleep evaluation demonstrates OHS and severe obstructive sleep apnea (OSA)
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(95% CI, 21.5 to 26.9 mm Hg). The
improvements in gas exchange
(PaCO2

, PaO2
, sleep hypoxemia, sleep

transcutaneous CO2) from baseline to 3
months were statistically similar between
the two treatment approaches at 3 months.
No significant differences were seen
between groups at 3 months in daytime
sleepiness, exercise or functional capacity,
dyspnea scores, or mood.

This second trial conducted a cost-
effectiveness analysis and showed that
although the intensive lifestyle intervention
was more expensive than nutritional and
exercise advice (£385.63 more; 95% CI,
£343.59–425.93 more), it was also
more effective (61). The study found a
difference in quality-adjusted life
years (QALYs) in favor of the
intervention (0.018 more; 95% CI,
0.011–0.026). The incremental cost-
effectiveness ratio on the basis of EQ-5D
was on average £21,730 (95% CI,
£14,353.0–35,238.7) per additional QALY
gained. For reference, they assumed
that the usual threshold for potential
cost-effectiveness in the United Kingdom
is z£30,000 per QALY gained.

The panel’s confidence in the
estimated effects was low to very low
because both trials were small, with a
serious risk of bias due to the absence of
blinding and high drop-out rates.

Summary of case series. We found data
from seven observational studies (100–106),
in which patients with OHS underwent
bariatric surgery. Three of these studies
(103–105) evaluated patients with OHS
who had gastric bypass surgery, and a
fourth (101) evaluated those who had
biliopancreatic diversion with duodenal
switch (BPD/DS). One of the studies used
an outdated procedure, comparing vertical
banded gastroplasty against Roux-en-Y
gastric bypass (100), and two reported no
relevant outcomes of interest (102, 106).
We excluded case series that contained
fewer than 20 patients (107), excluded
(108) or lacked information about presence
of OHS (102, 109–111), did not include a

comparison group (112), or reported no
usable data (113).

In the earliest observational study
(104), a total of 25 of 29 (86.2%) had
resolution of OHS, and 2 of 29 (6.9%)
participants died during a 2-year follow-up
period. The mean weight loss was 250 kg
(95% CI, 239 kg to 260 kg) or 32% (95%
CI, 25–39%) weight loss from a mean
baseline weight of 155 kg in one study
(104), and 244 kg (95% CI, 233 kg to
255 kg) or 27% (95% CI, 20–34%) weight
loss from a mean baseline weight of 163 kg
in 38 patients from another study (105).
Improvements in gas exchange were seen at
2 years, with a mean increase in PaO2

of
15 mm Hg (95% CI, 9–21 mm Hg) (104)
and 19 mm Hg (95% CI, 11–27 mm Hg)
(103) in the two series. PaCO2

decreased in
both studies, by 10 mm Hg (95% CI, 27 to
213 mm Hg) (104), and 10 mm Hg (95%
CI, 26 to 214 mm Hg) (103). In one study
with longer-term follow-up in 38 patients,
the improvements in PaO2

and PaCO2

observed at 1 year were sustained at 5
years (105). Self-reported daytime
hypersomnolence resolved. Only one
observational study assessed pulmonary
artery pressure using right heart
catheterization in 18 patients with OHS, 3
to 9 months after surgery (103). The mean
pulmonary artery pressure decreased on
average by 13 mm Hg (95% CI, 25.8 to
220.2 mm Hg) from a baseline of
36 mm Hg. A fourth study of BPD/DS had
longer follow-up of 5 to 7 years, included 16
patients with OHS, and reported resolution
of OHS in all patients (101).

All of these studies had serious risk
of bias due to small numbers and the
absence of a control group, which yielded
very low certainty in estimates of the
outcomes.

Panel judgment. In patients with OHS,
weight loss from bariatric surgical
procedures is more likely to result in greater
and more sustained reductions in weight
loss than lifestyle interventions. However,
bariatric surgery is also associated with
greater cost and greater risk for

postoperative morbidity and mortality (102,
114–118). Therefore, the panel advised that
bariatric surgery should be offered only
when the estimated benefit outweighs the
risk. The panel’s judgements are
summarized in the online supplement.

ATS recommendation. For patients
with OHS we suggest using weight-loss
interventions that produce sustained
weight loss of 25% to 30% of actual body
weight. This level of weight loss is most
likely required to achieve resolution or
clinically meaningful reduction of
hypoventilation (conditional recommendation,
very low level of certainty in the
evidence).

Remarks. Available data are limited
and suggest that greater weight loss results
in a greater likelihood of resolution of OHS.
Short-term and long-term lifestyle
interventions, even intensive ones, produce
2- to 12-kg weight loss (90), an amount that
is unlikely to meaningfully impact OHS. To
achieve resolution of OHS, a long-term
sustained weight loss of >25% to 30% of
actual body weight is needed. Weight loss
of this magnitude is more likely to be
achieved with surgical interventions such as
laparoscopic sleeve gastrectomy, Roux-en-Y
gastric bypass, or BPD/DS and not with
laparoscopic gastric banding. The choice of
surgical procedure should be based on
weighing potential risks of surgery against
the maximum possible anticipated weight
loss. OSA may persist despite the resolution
of OHS after weight reduction surgery
(119).

The recommendation places a high
value on resolution of OHS with significant
weight loss achieved after weight-reduction
surgery. Moreover, such weight loss may
improve cardiovascular and metabolic
comorbidities observed in patients with
OHS. However, given that patients with
OHS are at higher surgical risk, a balanced,
patient-centered, risk–benefit discussion is
prudent. Moreover, the degree of weight
loss necessary to mitigate cardiovascular
and metabolic risk in patients with OHS is
unknown.

Figure 1. (Continued). (apnea–hypopnea index>30), the panel recommends continuous positive airway pressure (CPAP) titration and treatment. If,
on the other hand, the sleep study demonstrates OHS with no OSA or mild to moderate OSA, the panel recommends NIV titration and treatment. In
patients initially treated with CPAP who do not have adequate response to therapy (lack of symptom resolution or insufficient improvement in gas
exchange during wakefulness or sleep), the panel recommends changing to NIV therapy. The panel also recommends that patients with OHS should
be considered for bariatric surgery. All recommendations are conditional because of the very low level of certainty in the evidence. *In healthcare settings with
limited or no access to NIV, discharging patients on auto-PAP would be preferable to no PAP, particularly given that 70% of patients with OHS have
coexistent severe OSA. †It is important to note that OHS is a diagnosis of exclusion, and other causes of hypercapnia need to be investigated and excluded.
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Future research opportunities. The
panel emphasized the need for RCTs
to assess the safety and efficacy of various
bariatric interventions in patients with OHS.

Discussion

The recommendations in this guideline are
the result of our systematic review of the
evidence and our interpretation of how the
evidence should be applied in clinical
practice. They include conditional
recommendations for: 1) using serum
bicarbonate below 27 mmol/L to exclude
the diagnosis of OHS in the appropriate
clinical context, 2) treating patients
with PAP, 3) favoring CPAP over NIV for
the approximately two-thirds of patients
who have concomitant severe OSA, 4)
discharging hospitalized patients
suspected of having OHS on PAP while
they await subsequent diagnostic and
therapeutic workup, and 5) risk-stratifying
patients for bariatric surgery interventions.
Although noninvasive monitoring of
ventilation (i.e., transcutaneous CO2)
can be added to SpO2

monitoring for
PAP titration or subsequent PAP
adjustment, we found no studies

that examined outcomes using monitoring
of SpO2

versus combined SpO2
plus

noninvasive monitoring of CO2. This area
requires further investigation.

Clinicians caring for patients with OHS
should view severe obesity as a major,
modifiable contributing factor to both the
development and severity of OHS and
engage in health education and shared
decision-making with patients about
evidence-based weight-loss strategies. On
the basis of indications, patient preferences,
and risks, discussion should include
bariatric surgery. Our recommendations
focus on patient-centered outcomes, such as
improving quality of life and quality of sleep,
daytime sleepiness, gas exchange, need for
supplemental oxygen, hospital resource use,
and death. On the basis of our review of
available evidence, we propose a diagnostic
and therapeutic algorithm for patients with
OHS or suspected of having OHS (Figure 1).
The panel recognizes, however, that
providers must consider options on the
basis of resource availability and healthcare
policies unique to their geographical
regions. We anticipate significant progress
in the field with ongoing clinical trials in

OHS. New evidence should inform future
revisions of these recommendations.

Plans for Updating These Guidelines
The available evidence to answer most
clinical questions is limited. To remain
useful, guidelines must be updated regularly
with new information. The need for update
will be determined by the ATS not later than
in 2021.

Adapting Recommendations Locally
We aimed to develop recommendations
that are both specific and also
generalizable to most settings that
provide care for patients with OHS. These
ATS guidelines are intended for an
international audience. We welcome
feedback, which will be considered
with future revisions of these guidelines.
Local adaptation of the ATS
recommendations may be necessary in
some circumstances. We suggest that
responsible parties use the GRADE
process, a combination of direct
adoption, adaptation, and de novo
development of recommendations (120),
preferably in collaboration with the
authors of this document. n
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