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Introduction:Obstructive sleep apnea is an important and common disorder with associated health risks. Assuring successful longitudinal management is vital
to patient health and sleep-related quality of life. This paper provides guidance from the American Academy of Sleep Medicine (AASM) regarding the use of
polysomnography (PSG) and home sleep apnea tests (HSATs) after a diagnosis of obstructive sleep apnea has been established and, in most cases,
treatment implemented.
Methods: The AASM commissioned a task force of five sleep medicine experts. A literature search was conducted to identify studies that included adult
patients with OSAwho underwent follow-up PSG or an HSAT. The task force developed clinical guidance statements based on a review of these studies and expert
opinion. The AASM Board of Directors approved the final clinical guidance statements.
Clinical Guidance Statements: The AASM supports the following clinical guidance statements on indications for follow-up PSG and HSAT in adult patients with OSA.

1. Follow-up PSG or HSAT is not recommended for routine reassessment of asymptomatic patients with obstructive sleep apnea on PAP therapy, however,
follow-up PSG or HSAT can be used to reassess patients with recurrent or persistent symptoms, despite good PAP adherence.

2. Follow-up PSG or HSAT is recommended to assess response to treatment with non-PAP interventions.
3. Follow-up PSG or HSAT may be used if clinically significant weight gain or loss has occurred since diagnosis of OSA or initiation of its treatment.
4. Follow-up PSG may be used for reassessment of sleep-related hypoxemia and/or sleep-related hypoventilation following initiation of treatment for OSA.
5. Follow-up PSG or HSAT may be used in patients being treated for OSA who develop or have a change in cardiovascular disease.
6. Follow-up PSG may be used in patients with unexplained PAP device-generated data.

The ultimate judgment regarding propriety of any specific care must be made by the clinician, in light of the individual circumstances presented by the patient,
available diagnostic tools, accessible treatment options and resources.
Citation:Caples SM, AndersonWM, Calero K, Howell M, Hashmi SD. Use of polysomnography and home sleep apnea tests for the longitudinal management of
obstructive sleep apnea in adults: an American Academy of Sleep Medicine clinical guidance statement. J Clin Sleep Med. 2021;17(6):1287–1293.

INTRODUCTION

Obstructive sleep apnea (OSA) is an important public health
problem due to its prevalence, intersection with comorbidities,
and associated health and safety risks, including cardiovascular
disease and motor vehicle crashes. Several previous American
Academy of Sleep Medicine (AASM) practice guidelines and
position papers have addressed the diagnostic and clinical in-
dications for polysomnography (PSG) with and without posi-
tive airway pressure (PAP) titration and home sleep apnea tests
(HSATs), as well as specific management issues in sleep-
disordered breathing in both adults and children/adolescents.1–10

However, there is a gap in AASM guidance for clinicians on the
use of follow-up PSG or HSAT, as part of the longitudinal
management of patients with OSA.

TheAASMconveneda task forceoffivesleepmedicineexperts
to develop a clinical guidance statement on the use of PSG and
HSATs in the longitudinal management of OSA. Additional de-
tails outlining the methodology used can be found in the sup-
plemental material. This paper was based upon a literature review

andexpertopinion,withclinicalguidancestatements for follow-up
sleep testing predicated on the assumption that repeat testing may
prompt or guide a change in disease management. Judgment re-
garding the appropriateness of using PSG andHSATs remains the
treatingclinician’s responsibility, due to their knowledge of their
patients’ individual circumstances and available resources.

BACKGROUND

Themost recent clinical practice guideline on diagnostic testing
for OSA in adults addressed the initial indications for sleep
apnea testing but not for follow-up testing.5 This clinical
guidance statement focuses on indications for follow-up sleep
apnea testing in patients with OSAwith or without sleep-related
hypoventilation or hypoxemia. It does not pertain to instances
where there is suspicion for an additional clinical sleep disorder
other than OSA.

A follow-up sleep apnea study is defined as PSG or an HSAT
performed after an initial diagnostic test. It is important to
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identify patients who may benefit from follow-up sleep apnea
testing, whichmay impact clinicallymeaningful outcomes such
as sleepiness, sleep-related quality of life, and therapy adher-
ence. A comprehensive history and physical examination may
provide clues for the need to consider repeat sleep apnea testing.
Since OSA has a high prevalence and is a chronic disease that
needs to be monitored, it is important to know when follow-up
sleep apnea testing is appropriate and should be utilized. The
decision to use PSG vs HSAT should be determined by ac-
cessibility,financial feasibility and the specific clinical situation
(eg, decompensated heart failure).5

Because of limitations in the specificity of HSAT to rule out
OSA, a negative HSAT should be followed by in-lab PSG if
clinical concerns for OSA remain (eg, if sleep-related symp-
toms persist and the HSAT does not identify OSA).

CLINICAL GUIDANCE STATEMENTS

The AASM supports the following clinical guidance statements on
indications for follow-up PSG and HSAT in adult patients with
OSA. These guidance statements apply to the use of PSG and
HSATs after a diagnosis ofOSAhas been established and decisions
about treatment implementation have been made. The guidance
statements do not apply to the initiation of treatment (eg, initial
titration of PAP devices); guidance for the use of diagnostic testing
devices during the initiation of treatment for OSA can be found in
published guidelines on the use of these treatments.8,9,11,12 A sum-
mary of the clinical guidance statements is available inTable 1.

For the purposes of this clinical guidance statement, statements
using “recommended” and “not recommended” indicate that a
test is clearly useful or ineffective/harmful for most patients,
respectively, based on a qualitative assessment of the available
evidence and clinical judgement of the task force. Statements using
“may be used” indicate that the evidence or expert consensus is
less clear, either in favor or against the use of a testing option.

Clinical guidance statement 1: Follow-up PSG or HSAT is
not recommended for routine reassessment of asymptomatic
patientswithobstructive sleepapneaonPAPtherapy, however,
follow-up PSG or HSAT can be used to reassess patients with
recurrent or persistent symptoms, despite goodPAPadherence

There is insufficient evidence to suggest that routine PSGand/or
HSAT should be performed in patients who are responding

adequately to PAP treatment as determined by symptom control
and adherence to therapy.8,12,13 If symptoms return despite
good adherence to PAP treatment, PSG or HSAT is appro-
priate. If there is an unexplained change in adherence, or there
is clinical suspicion of a separate sleep disorder, then a repeat
PSG may be considered, and might include PAP titration.3 If
there is suspicion of another sleep disorder such as narcolepsy,
then PSG should precede other testing, such as a multiple
sleep latency test.

Clinical guidance statement 2: Follow-up PSG or HSAT is
recommended to assess response to treatment with
non-PAP interventions

PAP therapy remains the first-line therapy for most adults with
OSA.3 For patients who are intolerant to PAP or who prefer
alternative therapies, several non-PAP treatments for OSA
are available, including oral appliance therapy, nasal ex-
piratory positive airway pressure, upper airway surgery,
positional therapy, oral pressure therapy, weight loss and
hypoglossal nerve stimulation. Following implementation
of non-PAP interventions for OSA, clinical reassessment
should include follow-up testing to ensure successful
treatment of OSA with the chosen treatment at the appro-
priate time interval. Follow-up testing is not necessary for
positional therapy if it was proven effective on the diagnostic
study. As to the type of test, PSG vs HSAT, multiple factors
should be considered, including comorbidities (eg, hypo-
ventilation, advanced cardiopulmonary disease), patient
comfort, ability to wear/operate the HSAT equipment, cost
of testing, and resource utilization.

Oral appliances requirefitting by adental sleep specialist, and
serial advancement of the mandible to promote airway
opening.14–16 Follow-up PSG or HSAT should be performed
following patient acclimatization, reviewed by a trained sleep
medicine specialist and necessary adjustments should be made
to the device to ensure adequate control of OSA.15 In the
AASM’s 2015 oral appliance clinical practice guideline,
the recommendation to “...conduct follow-up sleep testing to
improve or confirm treatment efficacy, rather than conduct
follow-up without sleep testing, for patients fitted with oral
appliances.” was assigned a “guideline” strength.9 Recom-
mendations on timingof testingor the typeof test (PSGvsHSAT)
were notmade and evidencewas insufficient to include in ameta-
analysis. Evidence is also lacking to guide the frequency with

Table 1—Summary of clinical guidance statements.

1. Follow-up PSG or HSAT is not recommended for routine reassessment of asymptomatic patients with obstructive sleep apnea on PAP therapy,
however, follow-up PSG or HSAT can be used to reassess patients with recurrent or persistent symptoms, despite good PAP adherence.

2. Follow-up PSG or HSAT is recommended to assess response to treatment with non-PAP interventions.

3. Follow-up PSG or HSAT may be used if clinically significant weight gain or loss has occurred since diagnosis of OSA or initiation of treatment.

4. Follow-up PSG may be used for reassessment of sleep-related hypoxemia and/or sleep-related hypoventilation following initiation of treatment for OSA.

5. Follow-up PSG or HSAT may be used in patients being treated for OSA who develop or have a change in cardiovascular disease.

6. Follow-up PSG may be used in patients with unexplained PAP device-generated data.

HSAT = home sleep apnea test, OSA = obstructive sleep apnea, PAP = positive airway pressure, PSG = polysomnography.
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which follow-up testing should be performed. For those using an
oral appliance, a reasonable juncture to retest would be the point
at which mandibular protrusion and symptom mitigation are felt
to be clinically optimized by a qualified dentist and/or sleep
medicine provider. On occasion, additional (serial) testing may
be needed to ensure adequate treatment. Even though overnight
pulse oximetry (a type 4 device) is utilized to measure oxyhe-
moglobin saturation, it is not recommended for the diagnosis of
OSA, and therefore is not considered an acceptable alternative to
PSG or HSAT for follow-up testing of patients with OSA.
Follow-up testing should be restricted to methods with sufficient
evidence to support use of that method for diagnostic purposes,
that is PSG and multichannel HSAT.

A variety of upper airway surgeries are performed as an
alternative to PAP in the management of OSA, including
uvulopalatopharyngoplasty, maxillomandibular advancement,
hyoid suspension, genioglossus advancement and adeno-
tonsillectomy; these procedures and their approaches and
outcomes have been reviewed and summarized elsewhere.17

Following the surgical procedure and an appropriate period
of healing (weeks to months), PSG or HSAT should be used
to evaluate treatment efficacy. Patients should be assessed
clinically on a periodic basis, since OSA may recur
postoperatively.18,19 Following hypoglossal nerve stimulation
surgery and activation, the hypoglossal nerve stimulation
system requires PSG titration of stimulation parameters
to optimize treatment outcomes for OSA.20 For patients
with a tracheostomy for OSA who are under consideration
for decannulation, PSG or HSAT with the trach capped may
be useful.21

Clinical guidance statement 3: Follow-up PSG or HSAT
may be used if clinically significant weight gain or loss has
occurred Since diagnosis of OSA or initiation of treatment

Remark: Auto-adjusting PAP, which is considered to be
therapeutically equivalent to fixed CPAP in uncomplicated
OSA,8 may obviate the need for repeat testing in certain cir-
cumstances of weight change.

There is an incontrovertible relationship between body weight
andOSAwhich ismediated by influences on pharyngeal airway
size and flow dynamics.22 These findings highlight the potential
need for repeat sleep apnea testing when there are significant
changes in weight. Data from the Sleep Heart Health Study
suggest a 10 to 20% increase in body weight results in a sig-
nificant rise in AHI.23 When the patient treated for OSA gains
weight, resulting in inadequate therapy of OSA, there might be
re-emergence of symptoms such as daytime sleepiness or
interrupted sleep or signs such as snoring. Such occurrences
might represent reasons for repeat testing. Options include PSG
with PAP titration or HSAT to evaluate for ongoing OSA
followed by empiric CPAP adjustment. Some practitionersmay
elect to forego testing in this setting and instead empirically
increase CPAP pressure and reassess for resolution of findings.

The task force evaluated the literature on surgical and
nonsurgical weight loss interventions and their impact on OSA,
as measured by follow-up sleep apnea testing. Thirty-two ar-
ticles were reviewed; twenty-three described nonsurgical

interventions and nine articles evaluated various forms of
bariatric surgery. Nonsurgical interventions included
medication,24 cognitive behavioral therapy (CBT),25 dietary
changes,22,26–37 high intensity aerobic and resistance
exercise,32,38–42 as well as lifestyle modification.43,44 Interven-
tions for the nine surgical studies predominantly included
gastric lap band surgery and gastric bypass to include modified
Roux-en-Y surgery.19,38,43–49 None of the articles were designed
to specifically address whether follow-up testing impacted
outcomes in patients with OSA and there were no studies that
compared PSG with HSAT. In addition, no articles specifically
addressed when follow-up testing should be performed.
However, based upon review of clinical trials that performed
repeat testing at predefined intervals, we recommend that
follow-up PSG or HSAT can be considered after a 10 to 20%
reduction or increase in weight, and in the case of surgery, after
at least 3 months of recovery. It is implied that the decision to
repeat PSG or HSAT would lead to some change in manage-
ment, such as discontinuation of OSA treatment, recognizing
that empiric adjustments in therapy (such as small, 1–2 cm
water, PAP pressure reductions) can occur in the absence of
testing. Ongoing clinical evaluation, which can include follow-
up sleep apnea testing, is ultimately important, since none of the
analyzed studies revealed complete correction of the apnea-
hypopnea index (AHI) or respiratory event index (REI) (AHI/
REI < 5 events/h) after bariatric surgery.19,38,43–49

Clinical guidance statement 4: Follow-up PSG may be used
for reassessment of sleep-related hypoxemia and/or
sleep-related hypoventilation following initiation of
treatment for OSA

Physiologic mechanisms resulting in hypoxemia while awake
or asleep include residence at high-altitude (or other causes of
low fraction of inspired oxygen, FiO2), ventilation-perfusion
mismatch, pulmonary diffusion abnormality, shunting and
hypoventilation.2 The most commonly associated conditions
found in the sleep center include ventilation-perfusion
mismatch (resulting in hypoxemia with/or without hyper-
capnia) and hypoventilation (resulting in hypercapnia with/
or without hypoxemia). Some patients with OSA, particu-
larly those with underlying cardiopulmonary disease, may
have hypoxemia or hypoventilation that persists or develops
following initial implementationof treatment suchasPAP therapy.
Such developments may be insidious and unaccompanied by
symptoms that might otherwise bring a patient to clinical attention
for intervention. For this reason, and because there may be long-
term consequences such as pulmonary hypertension or heart
failure, it is important to identify these derangements with
follow-up testing and appropriate treatment changes.

Our literature review did not identify any articles that
addressedwhen follow-up testing should be performed to assess
sleep-related hypoxemia or hypoventilation while on PAP
therapy. We believe that PSG can be useful as a follow-up test,
such as when precise treatment titration is needed (eg, the
addition of supplemental oxygen or a respiratory assist device
such as bilevel PAP). Repeat titration PSG could be performed
when advanced treatment modalities are being considered (eg,
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volume adjusted pressure support).50 Adjunctive diagnostic
tools that may be useful to detect hypoventilation during PSG
include arterial blood gas analysis, end-tidal carbon dioxide or
transcutaneous carbon dioxide monitoring. Despite these po-
tential benefits, depending upon the clinical circumstance, the
decision of whether to pursue repeat PSG should consider the
clinical circumstance, resource utilization, and likelihood that
the resultant information will lead to a change in management.

An AASM guideline published in 2007 found insufficient
evidence to support the use of type 4 portable monitors (pulse
oximetry) to make a diagnosis of OSA.51 However, in those
already diagnosed with OSA and on PAP therapy, overnight
pulse oximetry is sometimes used to detect sleep-related hyp-
oxemia in the setting of cardiopulmonary or neuromuscular
disease. Overnight pulse oximetry, performed for a clinical
suspicion of nocturnal hypoxemia or hypoventilation in those
being treated for OSA, has not been adequately studied. While
some practitioners may utilize this tool in this particular setting,
interpretation of results from overnight oximetry is not stan-
dardized. Therefore, PSG is still the diagnostic test of choice to
determine if another sleep-related breathing disorder exists.
Although the interpretation of overnight pulse oximetry is not
standardized, some patterned abnormalities (a sawtooth pattern
of oxyhemoglobin desaturation51 or persistent hypoxemia in the
setting of chronic obstructive pulmonary disease51) can identify
patients who might benefit from subsequent PSG and/or
treatment adjustment. In patients on long-term supplemental
oxygen, overnight pulse oximetry itself might guide empiric
changes in prescribed flow rates.

With technology designed to detect respiratory events as-
sociated with acute changes in variables such as nasal airflow,
chest wall excursion, or arterial tone, HSAT is not ideally suited
to detect derangements in gas exchange outlined above that
result in hypoxemia and/or hypoventilation. However, because
many devices are also equipped with a pulse oximeter and can
determine postural changes, HSAT might be useful to identify
abnormalities to prompt subsequent PSG and change in man-
agement. For example, persistent sleep-related hypoxemia
associated with a hypopnea-predominant pattern on HSAT
may indicate the presence of sleep-related hypoventilation.52

Discrete intervals of hypoxemia may suggest the presence
of hypoventilation during periods of REM-related skeletal
muscle hypotonia.53

Clinical guidance statement 5: Follow-up PSG or HSAT
may be used in patients being treated for OSA who develop
or have a change in cardiovascular disease

Various cardiovascular (CV) diseases are strongly linked to
OSA, with increased risk of conditions such as systemic hy-
pertension, heart failure (HF), cardiac arrhythmias, stroke and
sudden death.54 Many patients are referred for evaluation and
treatment of OSA to potentially improve CV outcomes. For
initial diagnosis of suspected sleep apnea, current guidelines
strongly recommend attended PSG overHSAT for patientswith
HF and/or history of stroke, since such patients are at risk for
nonobstructive sleep-disordered breathing (central sleep apnea,
sleep-related hypoxemia). For CV conditions other thanHF and

stroke, where the risk of nonobstructive sleep apnea is less,
either PSG or HSAT is recommended.5

There is ample evidence to implicate OSA as one of the direct
causes of systemic hypertension. However, when considering
other CV disorders such as HF and cardiac arrhythmias, despite
strong associations, the causal role of OSA remains to be de-
finitively proven, in part because interventional trials either
have not been conducted or have not shown improvements in
CV outcomes.55 With these limitations in mind, clinical guid-
ance statements for follow-up sleep apnea testing are predicated
on the assumption that repeat testing will prompt or guide a
change in disease management, either of OSA or of the un-
derlying CV disease(s). Our literature search found no direct
evidence to guide if and when follow-up testing should be
performed in the population with CV disease, but it could be
considered in certain clinical situations:

· Systemic hypertension: Development of the disorder, or
worsening control of blood pressure while on OSA therapy,
might prompt follow-up testing and reassessment of
therapy of OSA. Based upon interpretation of data from
randomized clinical trials56,57 measuring blood pressure
before and after PAP treatment, we recommend that repeat
sleep testing not occur before at least three months of
adherent PAP usage. Furthermore, in terms of blood
pressure control, it should be noted that short-term head-to-
head trials show antihypertensive drugs may be more
effective at reducing blood pressure than PAP.58 How to
weigh the cost and benefits of changes in OSA therapy
against implementing or adjusting antihypertensive drug
treatment to manage hypertension is not known.

· Heart failure: Evidence of decompensated heart failure
may be an indication for repeat testing, though some caveats
apply. First, decompensatedHF can congest the soft tissues
of the upper airway and exacerbate OSA. Second, the
initial management of congestion due to anHF exacerbation
should be optimization of medical therapy (such as
diuresis), which could be enforced before sleep apnea
testing, andwhich itselfwill probably improve upper airway
mechanics. Sleep-related breathing abnormalities in this
setting can be central sleep apnea/Cheyne-Stokes
breathing, which also should be initially managed
medically, and for which PAP device management is
not standardized.59

· Cardiac arrhythmias: Newly discovered arrhythmias,
such as atrial fibrillation or bradycardias such as
atrioventricular block, would be reasonable indications for
retesting and reassessment of OSA therapy, particularly if
the arrhythmias occur during sleep. If cardiac monitoring is
desired, in-lab testing with a dedicated electrocardiogram
channel is preferred. It should be recognized that no
prospective clinical trials have proven a role for PAP therapy
in improving rhythm outcomes.60

· Stroke: A stroke or transient ischemic attack that occurs in
a patient treated with PAP therapy for OSA should prompt
follow-up evaluation and possible sleep apnea testing to
ensure adequate control of sleep apnea and/or to rule out
its presence, recognizing that patients are at risk for both
obstructive and central sleep apnea.
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Clinical guidance statement 6: Follow-up PSG may be used
in patients with unexplained PAP device-generated data

Monitoring automated event detection (AED) has become
common practice in the management of patients with OSA
treated with PAP devices. Event data can be downloaded by
smartcard or displayed on the internet for viewing by patients,
durable medical equipment companies, and practitioners.61–65

Some studies have shown a correlation between PAP-scored
AHI and manual-scored AHI.66–69 An AED obtained from a
PAP device may be considered in the decision to perform
follow-up PSG or HSAT, though it is an important caveat that
such data are derived from proprietary software, and their
validity has been questioned.3,12

The task force review did not identify any articles measuring
outcomes fromtheuseofAEDtodeterminewhen toperformfollow-
up PSG orHSAT. In addition to allowing for follow-up of treatment
adherence and effectiveness, PAP device software downloads may
reveal reasons for suboptimal therapy (suchas interface leak).70Once
minimum adherence has been confirmed and interface issues have
been optimized, follow-up PSG may be indicated based on the
AED when PAP device software residual AHI remains elevated,
particularly in the face of sleep symptoms. It is likely that many
clinicians will empirically adjust machine pressure settings based
upon the AED, which can obviate the need for testing in some
cases. The threshold for repeat testing is a matter of debate and is
contextual.Forexample,amildlyelevated residualAHI (5 to15) in
a patient with re-emergence of sleep apnea symptoms warrants
either empiric intervention or repeat testing. However, an elevated
residual AHI in the absence of signs or symptoms of under-treated
OSA is of unknown significance andmay not represent an obvious
indication for follow-up testing.

Notwithstanding controversies surrounding the significance
of treatment-emergent central sleep apnea, evidence for treatment-
emergent central sleep apnea on PAP download (a high central
apnea index) could represent an indication for repeat testing.
Since treatment-emergent central sleep apnea dissipates over
time in a substantial proportion of patients,71 we recommend a
minimum of three months of PAP therapy prior to repeat testing.
Whether such testing can or should result in a change in treatment
management to alter outcomes has not been proven.

FUTURE DIRECTIONS

There was no direct evidence found from the literature reviewed
to informbest practice on follow-up sleep apnea testing. Indirect
evidence was derived from a handful of studies, such as those
that incorporated follow-up sleep apnea testing as part of a
protocolized clinical trial which also measured outcomes of
interest relevant to our clinical guidance statements.

There are several areas, therefore, where future research may
be useful:

· Studies designed to enhance HSAT specificity to reliably
rule out OSA among patients receiving treatment.

· Comparison of clinician global assessment, HSAT and
PSG as reliable tools to evaluate changes in symptoms and/
or outcomes in patients receiving therapy.

· Establish reliability and utility of HSAT in patients with
cardiopulmonary or neuromuscular disease.

· Determine the optimal timing of follow-up sleep apnea
testing after surgical modifications of the upper airway
for OSA.

· Identify the ideal timing for follow-up testing in patients
withOSAwhohave experienced a change inweight, both by
medical/dietary means, and following bariatric surgery.

· Explore the utility of pulse oximetry as a tool for follow-
up of patients with OSA, including those with
cardiopulmonary disease.

· Comparative studies of outcomes between empiric
adjustments of OSA therapy based upon clinical
assessment or PAP machine AED with interventions
based upon follow-up testing.

· Collaborationwith partners in industry to broadly validate
and standardize algorithms and adopt common language
and terminology for events on PAP downloads.

· Increase understanding of whether treatment-emergent
central sleep apnea encountered on machine AED or on
follow-up testing is significant and warrants intervention.
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