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EXECUTIVE SUMMARY
Indications for Cardiopulmonary
Sleep Studies

Chronic Obstructive Pulmonary Disease

1. Polysomnography is indicated in patients
with COPD whose awake Pag, is greater
than 55 mm Hg but whose illness is com-
plicated by pulmonary hypertension, right
heart failure, or polycythemia.

2. Overnight ear oximetry can be very use-
ful in prescribing an appropriate O, flow
rate during sleep in patients in whom con-
tinuous O, therapy is indicated (ie., pa-
tients whose awake Pag, is less than
55 mm Hg).

3. Overnight ear oximetry or polysomnog-
raphy are not indicated in patients with
COPD whose awake Pao, is greater than
55 mm Hg and who are free of complica-
tions (pulmonary hypertension, right
heart failure, or polycythemia).

Restrictive Ventilatory Disorders

4, Polysomnography is indicated in patients
with restrictive ventilatory impairment
secondary to chest wall and neuromus-
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10.

cular disturbances whose illness is com-
plicated by chronic hypoventilation, poly-
cythemia, pulmonary hypertension, dis-
turbed sleep, morning headaches, or
daytime somnolence and fatigue.

. Overnight sleep studies are not indicated

in patients with restrictive chest wall, neu-
romuscular, or interstitial lung diseases
who are not chronically hypoventilating
and who are free of polycythemia, pul-
monary hypertension, disturbed sleep,
morning headaches, or daytime somno-
lence and fatigue.

Disorders of Respiratory Control

. Polysomnography is indicated in patients

with disturbances of respiratory control
whose awake Paco, is greater than 45 mm
Hg, or whose illness is complicated by
pulmonary hypertension, polycythemia,
disturbed sleep, morning headaches, or
daytime somnolence and fatigue.

Risk Factors for Sleep Apnea

. Although snoring and obesity are risk fac-

tors for obstructive sleep apnea, the mere
presence of snoring or obesity, without
other symptoms, is not an indication for
a cardiopulmonary sleep study.

Symptoms Arising from Sleep Apnea

. Polysomnography is indicated in patients

with excessive daytime sleepiness or sleep
maintenance insomnia.

Cardiovascular Manifestations of
Sleep Apnea

. Polysomnography is indicated in patients

with nocturnal cyclic bradytachyarrhyth-
mias, nocturnal abnormalities of atri-
oventricular conduction, and ventricular
ectopy during sleep that appears increased
relative to wakefulness.

In the absence of other features of sleep
apnea, overnight sleep studies are not in-
dicated in patients with systemic hyper-
tension, or in patients with nocturnal
nonspecific cardiac arrhythmias.

Timing and Number of Studies

Daytime Nap versus Overnight Studies

1.

Overnight polysomnography is recom-
mended for the diagnosis and manage-
ment of sleep-related breathing disorders.

However, daytime nap studies may be
adequate to establish a diagnosis of sleep
apnea provided that 2 to 4 hours of
documented sleep are achieved, includ-
ing both non-REM and REM sleep.

. Nap studies are inadeqguate to definitely
exclude a diagnosis of sleep apnea.

Number of Sleep Studies

. A single overnight polysomnographic
study is sufficient to exclude clinically im-
portant sleep apnea.

. In patients with severe and unambigu-
ous obstructive sleep apnea, the initia-
tion of treatment with nasal CPAP may
be incorporated into the diagnostic study
night.

Technology and Methods
Measurement Techniques

. Sleep studies for evaluation of cardiopul-
menary sleep disorders should include an
assessment of sleep stages, respiratory air-
flow and effort, arterial oxygen satura-
tion, body position, and pericdic leg
maovements.

. Several techniques for measurement of
respiratory airflow and effort are in cur-
rent use, but there are insufficient data
available to permit recommendations re-
garding standardization of instrumenta-
tion. Although measurement of esoph-
ageal pressure is the optimal technigue
for detection of respiratory effort, nonin-
vasive techniques are usually adequate for
clinical purposes.

. Currently used ear oximeters are adequate
for measurement of arterial O, saturation
in patients with cardiopulmonary sleep
disorders; finger pulse oximeters may be
inadequate.

Scoring and Interpretation of Data

. Formalized scoring of the entire poly-
somnographic record is recommended.
. Quantitative data derived from poly-
somnographic studies should be incorpo-
rated into a report that includes informa-
tion regarding sleep stages, types of re-
spiratory patterns and their relationship

' Reprints may be requested from your state or
local lung associations.
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to sleep stage and sleeping posture, ar-

_terial oxygen saturation, cardiac rate
and rhythm, and interpretation of the
findings.

6. There is a need to develop standard def-
initions and criteria by which to analyze
and report respiratory events during sleep.

7. The development of computer-assisted
techniques for the automated analysis of
polysomnographic data should be pur-
sued, but at present there are no such sys-
tems commercially available that can be
recommended for clinical purposes.

8. There is a need for epidemiclogic stud-
ies to identify the polysomnographic find-
ings that are of clinical importance in the
definition of sleep apnea and other cardi-
opulmonary disturbances during sleep.

Screening and Ambulatory
Monitoring Technigues
9. The role of screening tests for the diag-
nosis of sleep apnea has not been es-
tablished.

10. Currently available ambulatory monitor-
ing systems have not been validated for
the diagnosis of sleep apnea. However,
the development of such systems is
encouraged.

Introduction

During the past decade, respiratory physi-
cians have become increasingly aware of the
need to consider an evaluation of ventilation
and gas exchange during sleep in patients
with a variety of established or suspected
cardiorespiratory disorders, including the
sleep apnea syndromes, chronic obstructive
pulmonary disease (COPD), asthma, cystic
fibrosis, interstitial lung disease, pulmonary
hypertension, structural chest wall abnormai-
ities, respiratory neuromuscular disorders,
and central hypoventilation syndromes. This
increasing awareness of the potentiaily im-
portant role of sleep studies in evaluating such
disorders has contributed to a proliferation
of diagnostic sleep laboratories throughout
North America and has stimulated consider-
able research into breathing and its disorders
during sleep. Because of the large number of
potential patients in whom sleep monitoring
may be useful, the physician is faced with the
dilemma of deciding which patients should
undergo sleep studies, and sleep laboratories
are faced with an increasing demand for ex-
pensive and time-consuming services. As a
result, there is a need for the development of
practical guidclines regarding the indications
for cardiopulmonary sleep studies and the
standards that such studies should meet.
Based on these considerations, the Ameri-
can Thoracic Society convened a Consensus
Conference in September 1986, the objectives
of which were to: (I) define the indications
for cardiopuimonary sleep studies in adults;
(2) define the type of sleep studies that are
appropriate for cardiorespiratory disturbances
during sleep; (3) identify areas of further re-
search that are required to allow more defini-
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tive conclusions to be reached regarding the
indications and standards for cardiopulmo-
nary sleep studies.

To meet these objectives, participants were
selected from within and without the adult
medicine respiratory community, represent-
ing a broad geographic distribution and a
cross-section of clinical and research sleep
centers and laboratories in North America.
The format of the conference consisted of the
presentation of one or two position papers
on each topic, followed by an in-depth dis-
cussion, and the formulation of a consensus
statement, The following report summarizes
the position papers and consensus statements.
The statements are applicable to the adult pa-
tient population and are not intended to ap-
ply to pediatric disorders.

Definitions

Polysomnography refers to a method of iden-
tifying and evaluating sleep-state and several
physiologic variables during sleep.

Cardiopulmonary sleep studies, as used in
this report, refers to a polysomnographic
study in which the focus of physiologic in-
terest is on cardiac and respiratory variables.
Studies in which only cardiac or respiratory
variables are recorded (without an evaluation
of sleep state) are often referred to as screen-
ing studies but are more correctly referred to
as simplified studies.

Indications for Cardiepulmonary
Sleep Studies

Chronic Obstructive Pulmonary Disease

Background. Several studies have documented
that patients with stable COPD are at risk
of experiencing a deterioration in arterial oxy-
genation during sleep (1-10). The severity of
hypoxemia is generally most severe during
REM sleep (3, 6, 8-10). The cause of sleep-
induced hypoxemia in COPD probably in-
volves both a decrease in alveolar ventilation
and a deterioration in gas exchange due to
an increased ventilation-perfusion mismatch-
ing (9-12). Low flow supplemental O, ame-
liorates or eliminates sleep-induced arterial
O, desaturation (10, 13).

Decreases in arterial O, saturation during
sleep in patients with COPD have been shown
to be accompanied by acute increases in pul-
monary arterial pressure (6, 8, 9, 13, 14). Fur-
thermeore, supplemental O, sufficient to pre-
vent desaturation, also prevents the acute in-
creases in pulmonary arterial pressure (13,14).
Several investigators have postulated that over
a period of years sleep-induced hypoxemia
in patients with COPD may contribute to de-
velopment of long-term complications, in-
cluding sustained pulmonary hypertension,
right heart failure, polycythemia, and central
nervous system dysfunction (15-17). If so, sup-
plemental nocturnal O; would be expected to
delay the development of, or attenuate the
progression of, such complications. Some
support for this notion can be derived from
previous trials of supplemental O, in patients
whose daytime Pag, was below 55 mm Hg,
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and in whom complications {cor pulmonale
and polycythemia) were already present
(18-20). However, it is not known whether
nocturnal desaturation in patients whose
awake Pag, is greater than 55 mm Hg (21) and
who are free of complications leads to long-
term complications, or whether supplemen-
tal nocturnal O, in such patients delays the
development of complications. Such infor-
mation is required in these particular patients
because supplemental O, therapy is general-
ly not considered to be indicated when Pag,
is greater than 55 mm Hg and the patient is
free of complications (18, 19). Furthermore,
although there is a correlation between reduced
daytime Pag, and nocturnal desaturation in
patients with COPD (22), it is not possible
10 precisely predict from daytime assessments
alone the severity of nocturnal desaturations
(21). Therefore, if nocturnal O, were found
to be beneficial in patients whose Pag, is great-
er than 55 mm Hg, overnight ear oximetry
would be required to identify patients in
whom nocturnal O, therapy might be expected
to produce important long-term clinical
benefits (even when daytime O, is not
indicated).

Cardiac arrhythmias during sleep are com-
mon in patients with COPD (23, 24). How-
ever, the hazards of such arrhythmias are un-
known, particularly in patients without cardi-
ac symptoms. Furthermore, it has not been
established that potentially dangercus ar-
rhythmias are responsive to supplemental noc-
turnal Q,.

When patients with COPD experience an
acute exacerbation of their disease, hypox-
emia usually becomes more severe and oxy-
gen needs increase. No studies have evaluat-
ed changes in arterial oxygenation during the
disturbed sleep that is typical of such exacer-
bations, but it is reasonable to assume that
nocturnal oxygenation deteriorates. It is esti-
mated that 4 weeks or more may be required
to achieve stability of arterial oxygenation af-
ter acute exacerbations (25).

Consensus staterment. Investigations on
which decisions are based regarding long-term
management of patients with COPD shouid
be done in the context of clinical stability,
which may require 4 weeks or more to be
achieved after an acute exacerbation. In sta-
ble patients, if the awake supine or semirecum-
bent Pag, is less than 55 mm Hg, supplemen-
tal O, is indicated (18, 19). Therefore, poly-
somnography or overnight ear oximetry are
not required to reach a decision regarding the
need for O, therapy. However, overnight ox-
imetry can be very useful in prescribing an
appropriate O, flow rate during slecp. In pa-
tients whose awake supine Pag, is greater than
55 mm Hg and who are free of complications,
routine overnight ear oximetry is not indicat-
ed because the long-term consequences of
possible episodic nocturnal desaturation and
the possible beneficial effects of O, are un-
known. Accordingly, there is a need for a
prospective trial to assess the possible benefits
of nocturnal O, in such patients.

Based on the preceding recommendations,




it is apparent that in the majority of patients
with COPD, overnight oximetry is unlikely
to alter management except to insure suffi-
cient supplemental O, when such treatment
is indicated. In contrast, in patients whose
awake supine Pag, is greater than 55 mm Hg
and who also have pulmonary hypertension,
right heart failure, ot polycythemia, polysom-
nography is indicated to exclude sleep-induced
desaturation as a possible factor contribut-
ing to these complications, and if significant
desaturation is demonstrated, to establish the
cause and to exclude other concomitant dis-
orders, particularly obstructive sleep apnea.

Although cardiac arrhythmias during sleep
are common in patients with COPD, mass
screening of such patients for arrhythmias (by
Holter monitoring) cannot be recommended
in the absence of cardiac symptoms. Rather,
research studies are needed to determine the
clinical importance of such arrhythmias. Pa-
tients with COPD who undergo overnight
Holter monitoring because of known or sus-
pected cardiac disease, and who are found to
have nocturnal archythmias, should be inves-
tigated and managed the same way as other
patients with cardiac arrhythmias.

Restrictive Ventilatory Disorders

Background. Patients with restrictive ventila-
tory impairment secondary to distortion of
the chest wall (such as kyphoscoliosis) or
weakness of the respiratory muscles may ex-
perience considerable deterioration of alveo-
lar ventilation and gas exchange during sleep,
resulting in arterial O, desaturation and CO,
retention (26-29). The degree of deteriora-
tion is generally most severe during REM
sleep. Several factors contribute to these sieep-
induced changes (30): a decrease in function-
al residual capacity in the supine posture; loss
of the stimulatory effect of wakefulness on
breathing, which may be particularly promi-
nent in patients with underlying abnormali-
ties of respiratory control; decreases in ac-
tivity of the intercostal and accessory respi-
ratory muscles during REM sleep; and a
rapid-shallow pattern of breathing typical of
phasic REM sleep, which may increase dead
space ventilation excessively. Both central and
obstructive sleep apneas have also been de-
scribed in such patients (26, 27, 29). The de-
gree of sleep-induced deterioration in venti-
lation and gas exchange in patients with chest
wall and nenromuscular disturbances cannot
be accurately predicted from awake pulmo-
nary function tests, resting Paco,. or angle of
spinal deformity (31). In most cases, the best
predictors are the clinical features, with poly-
cythemia, pulmonary hypertension, cor pul-
monale, disturbed steep, morning headache,
and daytime somnolence or generalized fa-
tigue generally indicating the presence of se-
vere nocturnal disturbances. Supplemental
nocturnal O; can attenuate arterial desatura-
tion during steep in such patients, but usual-
ly aggravates the severity of CO, retention and
may not alleviate the patient’s symptoms (29).
In contrast, assisted overnight ventilation
generally improves daytime performance as
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well as daytime blood gases, thereby lending
support to the notion that the natural progres-
sion of the clinical disorder relates to nocturnal
deterioration in alveolar ventilation (29, 32).

In contrast to patients with chest wall and
neuromuscular disturbances, patients with re-
strictive ventilatory impairment sccondary to
interstitial pulmenary disease do not hypoven-
tilate during sleep. However, such patients
may experience some degree of arterial O, de-
saturation particularly during REM sleep (33,
34). Patients who also snore tend to have
greater falls in saturation (34).

Consensus statement. There is no indica-
tion for routine overnight sleep studies in pa-
tients with kyphoscoliosis, previous poliomye-
litis, or neuromuscular weakness who are
asymptomatic and free of chronic hypoven-
tilation. However, research studies are re-
quired in such patients to better define the
natural history of these disorders. In contrast,
in patients with chronic hypoventilation, poly-
cythemia, pulmonary hypertension, disturbed
sleep, morning headaches, daytime somno-
lence, or generalized fatigue, polysomnogra-
phy is indicated. In addition to routine poly-
somnographic measurements, such studies
should include an assessment of upper air-
way function and measurement of transcuta-
neous Peco,. When such patients are treated
with supplemental nocturnal O, or assisted
ventilation, polysomnography and transcu-
taneous Pco, monitoring are indicated to de-
termine the efficacy of treatment and to en-
sure that further CO; retention or iatrogenic
obstructive sleep apneas are not present (29).
In patients with interstitial lung disease who
are not hypoventilating during wakefulness,
there is little evidence that overnight ear ox-
imetry or polysomnography alters manage-
ment, and therefore routine overnight studies
are not indicated in such patients.

Disorders of Respiratory Control

Background. Disorders of tespiratory controj
for which sleep studies may be indicated are
those that result in alveolar hypoventilation
syndromes. In the purest form, disorders of
respiratory control arise because of defects
in the sensors {peripheral and central chemo-
receptors) or brainstem neurens that consti-
tute the metabolic respiratory control system
(35, 36). Defects in this system can be idio-
pathic in nature (primary alveolar hypoven-
tilation syndrome) (37, 38) or secondary to
brainstem infection (39, 40), vascular lesions
{41), or other disorders (42). The clinical fea-
tures resulting from such disorders are at-
tributable to chronic hypercapnia and hyp-
oxia and include lethargy and fatigue, diffi-
culty concentrating attention, pulmonary
hypertension, and right heart failure (37,
43-45). Typically, such patients also complain
of restless sieep, morning headache, and day-
time sleepiness, which suggests aggravation
of the ventilatory disturbance during sleep.
By definition, they have laboratory evidence
of chronic alveolar hypoventilation, includ-
ing hypercapnia, hypoxemia, respiratory aci-
dosis, and polycythemia, and usually have evi-
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dence of weak ventilatory drive, including di-
minished ventilatory responses to hypercapnia
and hypoxia. Similar clinical and laboratory
features can also result from disorders of the
respiratory neuromuscular system (28), chest
wall (46, 47), and airways and lungs (48). Fre-
quently, defects in respiratory control coex-
ist with these other disorders and contribute
to their natural progression.

Without treatment, disorders of respirato-
ry control that result in chronic alveolar
hypoventilation are usually progressive and
ultimately fatal. Furthermore, sleep typical-
ly aggravates the degree of hypoventilation
(39, 49-52). Supplemental nocturnal O, can
attenuate the magnitude of sleep-induced de-
saturation (51, 52), and, in some patients, may
increase ventilation (53). In others, noctur-
nal O, further depresses ventilation and in-
creases CO, retention (51, 52). Similarly, noc-
turnal negative pressure ventilation (29) or
electrophrenic diaphragm pacing (54, 55) can
substantially improve nocturnal ventilation
but run the risk of inducing obstructive ap-
neas during sleep. This problem can be avoid-
ed by intermittent positive pressure ventila-
tion through a nasal mask (56).

Consensus statement. Overnight polysom-
nography is indicated in patients with distur-
bances of respiratory control whose daytime
awake Paco, is greater than 45 mm Hg.
Studies are also indicated in patients with un-
explained pulmonary hypertension or unex-
plained polycythemia. Such studies should in-
clude measurements of standard polysomno-
graphic variables, arterial O, saturation, and
transcutaneous or end-tidal Pco, and should
permit the identification or exclusion of ob-
structive apneas or hypopneas during sleep.
Polysomnography is also indicated to estab-
lish that therapeutic interventions such as sup-
plemental nocturnal O,, negative pressure
ventilation, or electrophrenic diaphragm pac-
ing are of benefit and without detrimental
side effects.

Risk Factors for Sleep Apnea

Background. Snoring is a coarse, harsh re-
spiratory sound typically caused by vibration
of the uvula and soft palate. The sound is
a manifestation of a process that causes me-
chanical loading of the respiratory system,
which, in severe cases, can produce hypoven-
tilation during sleep. Statistically, snorers are
at risk for obstructive sleep apnea (OSA),
hypertension, and cerebrovascular accidents
(57). Considerable clinical importance at-
taches to a history of periodic pauses in snor-
ing pattern.

Obesity is common among patients with
OSA, but the prevalence of OSA in obese in-
dividuals has not been established. In one
study, 36% of males referred for weight loss
(with weights of 150 to 200% of predicted)
were found to have greater than 30 apneas
per night; few of these persons were complete-
ly asymptomatic (58). In contrast, the preva-
lence of OSA among asymptomatic obese
males has not been defined. Common clini-
cal experience indicates that weight loss can




ameliorate OSA, but thresholds for such an
effect cannot be predicted (59, 60).

Consensus statement. Snoring and obesi-
ty are risk factors for sleep apnea. Snoring
is indicative of upper airway narrowing and
may be associated with obstructive apnea
or hypopnea. Obesity appears to play a
pathogenetic role in OSA. However, the mere
presence of snoring or obesity alone, with-
out other symptoms, is not an indication for
a cardiopulmonary investigation during sleep.
There is a need for additional studies on the
relationship of these risk factors to the devel-
opment of QSA.

Sympitoms Arising from Sleep Apnea

Background. The symptom of excessive day-
time sleepiness (EDS) is serious and frequently
is a manifestation of sleep apnea (61, 62). It
has been estimated that EDS is present in as
much as 5% of the population, and of these
persons, 30 to 40% have OSA (63). The mul-
tiple sleep latency test (MSLT) measures the
tendency to fall asleep, Although the majori-
ty of patients whose EDS is due to OSA have
areduced sleep latency (64), the results of this
test do not always correlate with the clinical
history because some patients with daytime
somnolence are unaware of it.

Patients with sleep maintenance insomnia
(SMI) (frequent awakening during sleep) may
exhibit sleep apnea; the probability of sleep
apnea increases with age (65). If other causes
of SMI (such. as excessive time in bed, inges-
tion of medications or alcohol) are excluded,
complaints of SMI in older persons are assoc-
iated with sleep apnea in a large fraction of
cases (66).

Consensus statement. Excessive daytime
sleepiness is a serious symptom and deserves
investigation with a polysomnographic study
because a substantial fraction of patients with
EDS have sleep apnea. Sleep maintenance
insomnia is also associated with breathing
disturbances, particularly in older persons.
Therefore, if other causes of this symptom
are excluded, polysomnography is indicated
to exclude sleep apnea. Further research is
needed to determine the prevalence of sleep
apnea in patients with EDS and SMI.

Cardiovascular Manifestations of
Sleep Apnea

Background. During sleep, patients with OSA
display a rise in systemic blood pressure, in
contrast to the normal decrease in pressure,
Furthermore, many patients with OSA have
systemic hypertension which normalizes af-
ter treatment of the sleep apnea. Of patients
with essential hypertension, 30% appear to
have breathing disorders during sleep (67-70).
However, this association is not sufficiently
strong to mandate a cardiopulmonary evalu-
ation during sleep in otherwise asymptomat-
ic hypertensive individuals, particularly in
view of the fact that therapy for such patients
will probably not be influenced by the results
of this study.

The detection of cardiac arrhythmias dur-
ing the night does not necessarily indicate that
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they are occurring during sleep. While sleep
is usually a time of increased bradyarrhyth-
mias and decreased ventricular ectopy, the
clinical implicatiens of such findings are un-
known. Periodic bradyarrhythmias during
sleep suggest the presence of OSA except when
they occur in the setting of a patient with an
inferior myocardial infarction or in a young,
healthy subject (71). Ventricular ectopy oc-
curring almost exclusively during sleep should
alert the clinician to the possibility that sleep
apnea is the underlying cause of the arrhyth-
mia (72-74),

Consensus statement. OSA can be associat-
ed with systemic hypertension and nocturnal
nonspecific cardiac arrhythmias. However, in
the absence of other signs or symptoms of
OSA, the presence of hypertension or noc-
turnal nonspecific cardiac arrhythmias does
not warrant a cardiopulmonary evaluation
during sleep. In contrast, certain cardiac ar-
rhythmias occurring principally during sleep
(marked cyclic bradytachyarrhythmia, abnor-
malities of A-V conduction, and ventricular
ectopy) may reflect a sleep-related cardi-
orespiratory disturbance and deserve evalua-
tion. Additional research is needed into the
natural history of these disturbances.

Timing and Number of Sleep Studies
Daytime Nap Versus Overnight Studies
Background. Daytime naps, by definition, dif-
fer from overnight studies both in the dura-
tion and timing of sleep. The validity of a
nap study for the diagnosis of sleep apnea
is based on the assumption that breathing dis-
turbances associated with a given stage of
sleep do not demonstrate a circadian varia-
tion. Only one publication (an abstract) has
compared daytime nap results to overnight
study results {75). The study concluded that
afternoon nap recordings are often inadequate
for evaluation of sleep-related breathing dis-
turbances. In contrast, another study (76)
compared the first 4 h of an overnight study
with the entire night and found the two anal-

yses to be highly correlated.

Patients with severe daytime sleepiness and
suspected OSA (who have no symptoms sug-
gestive of other sleep disorders) are the best
candidates for daytime nap studies because
of the ease with which they fall asleep. How-
ever, for an adequate nap study, 2 to 4 hours
of sleep should be obtained, including both
non-REM and REM sleep, and sleep in the
supine posture. Otherwise, the severity of sleep
apnea may be underestimated, which may in-
fluence therapeutic decisions. If the results
of the nap study do not confirm the clinical
diagnosis, an all-night sleep study is neces-
sary. It has not been demonstrated that be-
cause nap studies are shorter and take place
in the daytime, they are necessarily more cost
effective.

Consensus statement, Although minimal
systematic data exist on the value of nap
recordings, nap studies of 2 to 4 hours’ dura-
tion may be used to confirm the diagnosis
of sleep apnea, provided that all routine poly-
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somnographic variables are recorded, that
both non-REM and REM sleep are sampled,
and that the patient spends at least part of
the time in the supine posture, Sleep depriva-
tion or the use of drugs to induce a nap are
contraindicated. Nap studies are inadequate
to definitively exclude a diagnosis of sleep
apnea.

Number of Sleep Studies

Background and consensus statement. The
first night of sleep in a sleep laboratory differs
from sleep on subsequent nights, being
characterized by decreased sleep efficiency
and prolonged REM latency. These differ-
ences are referred to as “the first night effect”
(77). However, the differences have little clin-
ical significance in the evaluation of sleep-
related breathing disorders. Similarly, al-
though there is night-to-night variability in
the frequency of respiratory disturbances in
patients in whom such events are infrequent
(78), this variability is of little consequence
in patients with clinically important respira-
tory disturbances during sleep. Based on these
considerations, one night of polysomnogra-
phy is considered sufficient to exclude clini-
cally important sleep apnea.

When patients with sleep apnea undergo
treatment, follow-up evaluation, which may
include polysomnography, is required to de-
termine the adequacy of treatment. The tim-
ing of follow-up studies depends on the na-
ture of the treatment (weight loss, medica-
tions, CPAP, surgery, assisted ventilation,
phrenic pacing). In patients with severe and
unambiguous OSA, initiation of nasal CPAP
treatment may be incorporated into the diag-
nostic study night, and if successful in abolish-
ing obstructive events, may be expected to
yield long-term improvement that is compara-
ble to that achieved after a separate nasal
CPAP trial night (79. 80).

Technology and Methods
Measurement Techniques

Background. Studies of patients with suspect-
ed cardiopulmonary sleep disorders require
the use of methods to simultaneously and con-
tinuously monitor sleep state, respiratory pat-
tern (both effort and airflow), oxygen satu-
ration, the electrocardiogram, and the pres-
ence of snoring (81, 82). In addition, methods
to record the electromyogram of the anterior
tibialis muscle for detection of periodic move-
ments in sleep (83) and body position should
be included. The severity of sleep apnea can
vary with body posture, being more severe in
the supine as compared to the lateral decubi-
tus position (84).

{1) Sleep staging. Techniques for monitor-
ing sleep state are now relatively standard.
They invelve simultaneous recording of the
electroencephalogram, electrooculogram for
recording eye movements, and the electromyo-
gram for moritoring of muscle tone. The lat-
ter two are particularly used to detect the pres-
ence of rapid eye movement (REM) sleep in
which phasic eye movements and muscle ato-




nia occur. Apneas may be most severe in REM
sleep (85), and oxygen desaturations in pa-
tients with intrinsic lung disease are usually
most marked in REM sleep (6-10, 26, 27, 29).
Thus, complete assessment of the severity of
sleep-disordered breathing requires measure-
ment of respiration during REM sleep.

For recording of the electroencephalograrm,
electrodes are placed at the C3, C4, Al, and
A2 positions following the International
10-20 system (86). Sieep stage should be
recorded from the monopolar derivation
C3/A2, although C4/A1 can be used as an
alternative if recording difficulties develop.
For recording the electrooculogram, one elec-
trode is applied to the outer canthus of each
eye with the electrode on the right outer can-
thus being 1 cm above the horizontal, and
that on the left being 1 cm below the horizon-
tal, Similar electrodes are used for recording
the electromyogram of the submental (chin)
muscles. One electrode is applied at the cen-
ter of the chin, with two others beneath the
chin. Although onty two electrodes are re-
quired for recording purposes, the third acts
as a back-up in the event of recording difficul-
ties. The electromyogram provides informa-
tion relevant to the loss of muscle tone in REM
sleep, and movements with arousal such as
those at apnea termination. (For further de-
tails of these techniques, see [81], [82], [871.)}

{2) Respiration. While methods of monitor-
ing sleep state are standard, the optimal tech-
niques for monitoring respiration are less cer-
tain. Because differentiation of loss of activ-
ity of respiratory pump muscles (central
apnea) from intermittent upper airway ob-
struction (obstructive apnea) is required, mea-
surements must include some method to mon-
itor respiratory effort combined with some
method to monitor airflow. In each category,
both quantitative and semiquantitative
methods are employed. Semiquantitative
methods which permit differentiation of cen-
tral from obstructive events are considered
adequate for clinical purpeses. To detect
mouth and nasal airflow, various devices have
been employed. These include rapid response
CO, analyzers, thermistors (88}, laryngeal and
tracheal microphones (89-91), and impedance
preumography (92, 93).

Quantitative measurements of airflow can
be obtained by use of a face mask with an
attached pneumotachograph. This method is
more invasive and may be less well tolerated
by certain subjects. In young volunteer sub-
jects, use of pneumnotachography results in
some modifications of sleep pattern (in-
creased duration of awakenings, reduced to-
tal sleep time, longer latency to REM sleep,
reduced duration of REM sleep), but the ef-
fects are not major (94). Whether more
marked disturbances in sleep pattern occur
in other subjects, e.g., the elderly, is unknown,

Ventilation can also be measured guantita-
tively using magnetometers (95, 96) or the re-
spiratory inductance plethysmograph (97, 98).
Both of these are based on the principle that
the respiratory systemn has two degrees of free-
dom, i.e., chest and abdominal motion (99).
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Debate continues, however, as to the optimal
method to calibrate the respiratory inductance
plethysmograph (100, 101) and indeed whether
quantitative measurements of ventilation can
be obtained in unrestrained humans (102).
Difficulties in the measurement relate in part
to alterations in the relationship between chest
and abdominal motion and volume change
(calibration factors} with changes in body po-
sition (103). Also, the bands of the inductance
plethysmograph may tend to move during
sleep, a problem that is minimized by use of
abody jerkin into which the inductance coils
are sewn or glued (104). Recent improvements
in this technology have been reported. These
include description of a new, more robust sen-
sor (105) and a microprocessor-based system
that incorporates a new automated calibra-
tion method (106). There are, however, few
data evaluating the application of these im-
proved systems in clinical testing.

Although doubts continue to be expressed
abowut the use of the respiratory inductance
plethysmograph to quantify ventilation dur-
ing sleep (102), there is no.doubt that the in-
strument can be used in a qualitative or semi-
quantitative fashion to monitor surface move-
ments, thereby providing information about
respiratory effort. Absence of movements (ef-
fort) implies central apneas, whereas in ob-
structive apneas paradoxical movements of
rib cage and abdomen occur. Other tech-
niques can also be employed for semiquan-
titative assessment of effort based on similar
principles. These include magnetometers (36),
beliows pneumography, and mercury in silas-
tic strain gauges (107). The latter is probably
the most commonly used device in clinical
testing (81, 108). In addition, the electromyo-
gram of the inspiratory muscles (intercostal,
costal diaphragm, or ¢rural diaphragm by
means of an esophageal balloon) can be
directly recorded. These techniques are, how-
ever, mostly used for research purposes (see
for example [109]).

Quantitative techniques to measure effort
also exist, Measurement of esophageal pres-
sure by esophageal balloon or pressure cath-
eter can be employed. This technique may pro-
duce discomfort and interfere with sleep by
reducing total sleep time and sleep efficiency
in nonapneic patients (110). However, in
a small sample of apneic subjects, sleep
profiles did not appear to be significantly
affected (110).

Thus, a large number of measurement tech-
nigues can be employed for monitoring res-
piration. There are, however, few studies
addressing the relative efficacy of each in clin-
ical testing and their validity in the obese
subjects that are studied commonly in cardi-
opulmonary sleep laboratories. Nevertheless,
evidence exists that monitoring of thoracoab-
dominal motion in such cases by magnetom-
eters is as reliable as measurement of esoph-
ageal pressure in detecting central and ob-
structive apneas (96). Respiratory inductive
plethysmography is also areliable alternative,
although comparisons with esophageal pres-
sure indicate that obstructive apneas with fee-

ble inspiratory efforts may be incorrectly la-
beled as purely central (111). Differences are
also reported among the different devices used
to monitor thoracoabdominal motion. Some
preliminary data suggest that strain gauges
are less reliable than the respiratory induc-
tance plethysmograph because they are more
sensitive to changes in body position that may
produce reductions in transducer tension
(112).

{3) Oxygen saturation. A number of ox-
imeters are now available for the noninvasive
monitoring of arterial oxygen saturation.
Spectrophotometric oximetric and photoelec-
tric plethysmographic technigues are em-
ployed. Several studies have addressed the
steady-state response of these instruments
(113-121). These studies show good correla-
tion between such measurements of satura-
tion and independent estimates, down to satu-
rations of the order of 65 to 70%. However,
in sleep apnea it is not just the steady-state
characteristics that are important but also the
dynamic response because in such patients
there are oscillatory changes in oxygenation.
The dynamic responses of the earliest ear ox-
imeters (Biox, Hewlett-Packard HP47201A)
were measured and the 50% response times
were of the order of 3 seconds in the fast mode
of operation (115, 116). Recent studies have
examined the response of a number of ox-
imeters in sleep apnea patients (122) and dur-
ing induced brief, but profound, hypoxia
(123). These studies show that dun.. 3 tran-
sient hypoxemia certain oximeters may un-
derestimate oscillations in Sag,, whereas
others may overestimate. In some cases, the
errors are large. In addition, finger pulse ox-
imeters show a delay in response that, not un-
expectedly, is correlated with heart rate.

Consensus statement. Measurements for
evaluation of cardiopulmonary sleep disord-
ers should include an assessment of sleep stage
(electroencephalogram, electrooculogram,
and electromyogram of a skeletal muscle), re-
spiratory airflow and effort, arterial oxygen
saturation, body position, and anterior tibi-
alis EMG to detect periodic movements in
sleep. Although there is a wide variety of tech-
niques for measurement of respiratory air-
flow and effort, there is, at present, insuffi-
cient data to develop recommendations about
which instrumentation is optimal. The situa-
tions in which measurements of esophageal
pressure should be used as the preferred meth-
od to assess quantitatively respiratory effort
are uncertain. There is a need for studies ex-
amining the error rates that are found in iden-
tification and typing of respiratory events with
different currently employed methodologies.

Although all studies should include mea-
surement of oxygen saturation by oximetry,
there are important differences in the response
of different oximeters that affect their ability
to measure the oscillatory changes in satura-
tion that are typicat of patients with sleep ap-
nea. Currently used ear oximeters have ade-
quate responses for this purpose. Clinicians
should investigate both the steady-state and
transient responses of oximeters before em-




ploying them for cardiopulmonary sleep
studies. There is a need to develop standards
for such instrumentation in a similar fashion
to the standards developed for spirometry
(124).

Scoring and Interpretation of Data

Background.

(1) Scoring of nonrespiratory variables.
Recordings obtained by polysomnography
need to be analyzed to obtain measures of
the number of respiratory events during sleep,
distribution of sleep stages including num-
ber of arousals, as well as the frequency of
occurrence of nocturnal myoclonus, Current-
ly, sleep staging is. performed in fixed inter-
vals (typical epoch of 30 seconds) using the
criteria proposed by Rechtschaffen and Kales
(125). However, such conventional criteria
may be insufficient for scoring the records
of patients with sleep apnea (126). In these
patients, there are oscillations in the frequency
content of the electroencephalogram in syn-
chrony with the periodicities in ventilation
(127). Indeed, some have proposed a modifi-
cation of the standard sleep scoring system
for use in sleep apnea patients (126).

Apart from scoring of sleep state, analysis
of polysomnographic records can reveal the
number of arousals during sleep and the fre-
quency of occurrence of periodic movements
in sleep. For the latter, the total number of
movements, total number of movements as-
sociated with arousal or awakenings, and the
movement index, i.e., number of movements
per hour of sleep, can all be calculated (for
full discussion, see [83]). There is good relia-
bility in scoring these measures as revealed
by a relatively low variation in results when
the same records are scored by different per-
sons (128).

{2) Scoring of respiratory variables. Scor-
ing of respiratory events is at present more
problematic. Although most, but not all (129),
would agree with the “standard” definition
of apnea, i.e,, a cessation of airflow for greater
than 10 seconds (130), there is considerable
variation in the criteria used to identify a
hypopnea. Hypopneas have been identified
by reductions in airflow measured by ther-
mistors (129, 131); by reducticns in ventila-
tion measured by a calibrated respiratory in-
ductance plethysmograph (132); and by the
combination of reductions in airflow and
decrements in oxygen saturation that are
greater than 4% (133). There are, moreover,
differences in the quantitative criterion em-
ployed to define the reduction in airflow that
is required for a hypopnea: some have used
a 50% reduction (131, 132) and others a two-
thirds reduction (134). However, such precise
quantification of decrements in airflow is dif-
ficult using the relatively imprecise and es-
sentially semiquantitative measurement sys-
temn employed in these studies.

Although there is variation in the defini-
tions of apnea and hypopnea employed by
different laboratories, there is good agreement
among different observers in identifying re-
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spiratory events when fixed rules are em-
ployed. Relatively inexperienced observers
perform as well as experienced ones (129).
Agreement, however, was not good in the
identification of events as being central or ob-
structive when thermistors were used to mon-
itor airflow, and strain gauges or a single-
channel inductive plethysmograph were used
10 measure respiratory effort (129},

Once identified, events are counted and in-
dices of abnormality computed. Originally,
only the number of apneas was counted, and
an apnea index, i.e.,, number of apneas/hour
of sleep, was derived (130). Recently, many
investigators have summated the number and
hypopneas to yield a respiratory disturbance
index, i.e., the number of apneas plus hypop-
nea/hour of sleep. Although these indices are
derived by counting events over the whole
night of study, there is recent evidence that
essentially identical estimates are obtained by
analyzing every fourth page of the record
(135). This approach will greatly reduce the
amount of time required for scoring of sleep
records. It is estimated that scoring a sleep
apnea study by conventional methods takes
between 240 and 360 minutes (136).

(3) Indices of oxygen desaturation. A large
number of measures of oxygen desaturation
have been employed. Perhaps the most fre-
quently used is the O, saturation nadir, but
this value may not be representative because
it may relate to a brief and infrequent event.
Other measures are mean oxygen saturation
Or mean oxygen saturation per sleep stage.
A convenient graphical format is the cumu-
lative oxygen saturation histogram, in which
the total percentage of sleep time spent at each
saturation is demonstrated (137). From this
format, a number of parameters are derived:
percentage of time below 90, 80, 70, and 60%
and the saturation that is at the 50% time
point,

{4) Applications of computers to scoring
of polysomnographic data. With the intense
time commitment involved in scoring of poly-
somnographic records, it is natural to con-
sider whether the process can be automated,
at least to some degree, by application of com-
puters. Of the variables measured, the most
simple to adapt to such technology is arterial
oxygen saturation, which has been analyzed
on-line using microcomputers (138, 139), The
systems produce graphic representations of
oxygen saturation as a function of time, and
cumulative time spent at various oxygen satu-
rations (137). Indices such as the number of
desaturations > 4%, average desaturation per
episode, percentage of time below 90, 80, 70,
and 60%, as well as the 50% sleep saturation
point are simply produced.

For the other variables, application of com-
puters is more problematic, One approach is
to simply use a computer to expedite manual
scoring by keeping track of respiratory events,
arousals, etc. This approach reduces the time
involved, improves accuracy, and provides a
more adequate summary of the data (140).
Data processed in this way can be used to pro-

duce a detailed graphic record (sleep histo-
gram) of the events during the sleep study
(141).

More automated approaches to scoring of
records have also been described, including
computer analysis for sleep staging (for
reviews, sce {142], [143]). While such tech-
niques satisfactorily classify normal sleep, dis-
turbed sleep remains a problem {143). As dis-
cussed previously, sleep in patients with sleep
apnea is extremely disturbed and there are
doubts as to whether conventional criteria can
be applied (126).

Automated approaches to assessment of
respiration during sleep, i.e., detection of ap-
neas and hypopneas, have also been described
(134, 144, 145). Problems are presented, how-
ever, by body movements or changes in pos-
ture such that careful operator interaction is
required. Even with such interaction, invalid
data due to signal artifact will sometimes be
stored (134). Because sleep staging is still
scored manually, use of such systems requires
careful synchronization of the computer and
polyeraph records. Given these problermns, such
automated systems are not in widespread use.

{5) Reports of polysomnography and in-
terpretation of results, Currently, different
laboratories use different reporting formats.
There have, however, been recent recommen-
dations about the data that should be includ-
ed in the [aboratory report (82}. Although ini-
tially an apnea index of greater than 5 ap-
neas/hour was considered abnormal (130),
this figure can no longer be considered valid
(146). This definition was based on a small
sample of young to middle-aged adults, but
when applied to the elderly it resuits in an
alarming number of subjects being diagnosed
as having sleep apnea, i.e., of the order of 30
to 35% (147, 148).

Consensus statement. Measurements of da-
ta obtained during polysomnography require
that formalized scoring be performed on the
entire nocturnal record. Therefore, scoring of
each epoch of the record is currently recom-
mended. Sampling of every fourth epoch ap-
pears to be adequate for analysis of respira-
tory variables (135), but before this approach
can be recommended for routine clinical puz-
poses, there is a need for further studies to
confirm these results.

Quantitative data extracted from scoring
should be incorporated into a report of the
sleep study. However, there is currently lack
of standardization of definitions in this field.
Thus, standardization of reports at this time
is not feasible. As recommended by the Amer-
ican College of Chest Physicians and the As-
sociation of Sleep Disorders Centers (82),
reports should contain the following:

1. What variables were measured and by
what method(s).

2. Sleep staging — the percentage of each
sleep stage and the relationship to age-
matched normals. The total sleep time, sleep
efficiency, and sleep latency should be noted.

3. Type(s) of respiratory patterns, as well
as the total number, number per hour of sleep
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time, and range and mean duration of pat-
terns, and relationship to sleep stage. The pat-
terns should be defined.

4. Relationship of body position to dis-
otdered breathing, if pertinent.

5. Oxygen saturation — the awake baseline
level; arterial oxygenation should be described
in quantitative terms, using either a continu-
ous saturation versus time technique, or dis-
crete intervals, e.g., amount or percentage of
time spent between 80 and 90%, 70 and 79%,
60 and 69%, < 60%; lowest saturation level;
mean saturation for abnormal respiratory
patterns.

6. Cardiac rate and rhythm should be de-
scribed, and the relationship of any abnor-
malities to other cardiopulmonary events
noted.

7. Technician’s comments.

8. Interpretation.

Difficulties are encountered in comparing
records because different laboratories use
different definitions of what constitutes a re-
spiratory event. In particular, there are differ-
ences in the criteria used to define a hypop-
nea. The field would be advanced if standard
definitions of indices used to quantify abnor-
mality were developed. It is recommended that
a subcommittee of the American Thoracic So-
ciety be impaneled to address this issue. This
group should work with other professional
organizations that are involved in cardiopul-
monary sleep disorders.

The lack of standardization also hampers
development of computerized systems for au-
tomated analysis of polysomnographic data.
Currently, there are no such systems that can
be recommended for clinical purposes. How-
ever, development of such systems should be
encouraged. Before any such system can be
recommended, there is a need for adequate
validatory data to prove the performance of
the system. Particular problems with auto-
mation will be in automatic scoring of sleep
stages because the concepts developed by
Rechtschaffen and Kales (125) may not be ap-
plicable to sleep apnea patients in whom sleep
is extremely disrupted.

There are also problems at present in defin-
ing what is normal. Although the original def-
inition of sleep apnea (greater than 5 ap-
neas/hour) has helped advance this field, it
is now outmoded. New definitions will need
to be developed in the light of new informa-
tion derived from population studies. There
is an urgent need for epidemiologic studies
to address issues related to sleep apnea
syndromes.

Screening and Ambulatory Monitoring
Technigues

Background. Given the expense and time
commitment involved in performing polysom-
nography, there have been approaches to sim-
plify the diagnostic procedure. These ap-
proaches have taken two directions. First, sim-
plified techniques have been suggested that
could serve to screen individuals, thereby
reducing the number of subjects that need
polysomnography. Second, equipment is be-
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ing developed to allow performance of a study
equivalent to polysomnography in the home
setting. This may also be used for screening
purpose.

For screening purposes, a number of sim-
plified approaches have been suggested. They
include use of tracheal sound recordings
(89-91), for which automated computer tech-
niques can be used to detect apneas and
hypopneas (91). A computer has also been
employed with a CO, detector to monitor for
apnea (149). Analysis of oximetry data alone
can be used to detect apneas and hypopneas
associated with desaturations and has some
utility in monitoring sleep states (150). How-
ever, the predictive value with respect to ap-
neas is relatively low (0.56). Screening studies
that combine continuous measurement of ar-
terial oxygen saturation and ventilatory ef-
fort may be adequate for the presumptive di-
agnosis of sleep apnea if cyclic breathing and
saturation abnormalities are detected and then
abolished by the application of nasal CPAP.
However, the absence of abnormalities in such
screening tests does not prove that the patient
is free of sleep apnea. Finally, the static charge-
sensitive bed has also been used as a screen-
ing technique for sleep apnea (151, 152). Af-
ter filtering, three separate signals are obtained
that relate to movements of the heart (bal-
listocardiography), respiratory movements,
and other movements. When combined with
oximetry, this technique may have some util-
ity in detecting apneas, although validation
of this device is at the preliminary stage (152).

The question of screening tests for sieep
apnea raises economic as well as scientific is-
sues. For a screening test to be valuable eco-
nomically, the number of definitive tests not
done as a result of the screen should repre-
sent a savings in money or time as compared
to the cost of the screen. To date, there is no
information on the relative costs of these two
approaches and, therefore, no data on the
potential savings or increased costs associat-
ed with screening tests.

In addition to screening tests, several ap-
proaches to ambulatory monitoring have been
developed recently, using both digital and ana-
log recording techniques. Such devices are be-
ing continuously upgraded, as is the software
for detection of respiratory events. The devices
employ inductance plethysmography with
calibrated signals from the chest and abdo-
men to detect apneas and hypopneas (153,
154). Obstruction is detected by examining
the phase relationship between rib cage and
abdomen, i.t., to determine when paradoxi-
cal respiration is present (154). Simultaneous
with the respiratory measurements, record-
ings are made of other important variables,
e.g., ear oximetry, heart rate determined by
the R-R interval of the electrocardiogram, tibi-
alis EMG, and body movement with an ac-
tivity monitor strapped to the subject’s wrist.
The latter is used to distinguish sleep from
wakefulness (155).

At the present stage of development, the
number of apneas detected by these instru-
ments shows a good correlation with those

detected by simultaneous polysomnography
(153, 154, 156, 157). Thus, in general the in-
struments correctly identify persons who have
sleep apnea. However, the devices are not as
proficient in classifying apneas as being ob-
structive or central, In particular, with cur-
rent digital systems, central apneas are fre-
quently classified as obstructive (154, 157).
Thus, the positive predictive rate for obstruc-
tive apneas is 62%, but only 11% for central
apneas (154). Improvements in the system to
obviate this problem are evidently in hand.

Consensus statement. The role of screen-
ing tests in clinical practice for the diagnosis
of sleep apnea is uncertain. Before any ap-
proach can be recommended for widespread
use, further validatory data are required. Da-
ta are currently available for ambulatory
monitoring systerns that are based on use of
respiratory inductance plethysmography.
While these instruments have reasonable
predictive value in detecting apneas, there are
problems in distingunishing central and ob-
structive events. It is anticipated that there
will be further improvements in technology,
which are encouraged, and with such improve-
ments, the precise role of ambulatory in-
strumentation in clinical practice will become
increasingly apparent. Such instrumentation
will greatly facilitate the epidemiologic studies
that are required.
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