


Sleep tests can offer unparalleled insight into your patient’s
condition and allow you to diagnose them with confidence.

Here’s why, how and when you should make the call.

By Zac Haughn, Associate Editor
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I
f there’s one thing to be said about sleep tests, it’s that they
are certainly not the most desirable overnight trip for
patients. Despite efforts that have transformed sleep clinics
into hotel rooms, none of your patients are likely to jump at
the opportunity to be hooked to monitoring machines and

watched via video camera. But a lack of enthusiasm is offset by
getting what you can’t from an in-office work-up: objective
findings and objective measure of severity. “For example, some-
times patients may present with one complaint, such as exces-
sive daytime somnolence, but not realize they are having peri-
odic limb movements associated with arousals,” says Nancy S.
Collins, MD, Associate Professor of Neurology and Director of
Neurology Curriculum at the Rosalind Franklin University of
Medicine and Science/The Chicago Medical School. “The
patient may conclude that the excessive daytime somnolence is
related to lifestyle, volitional decision to go to bed late/get up
early, and have no idea they have PLMD associated with
arousals until a PSG demonstrates the phenomenon,” she says.

Use of sleep tests in neurology is increasing. A January 15th,
2005 study from the Journal of Clinical Sleep Medicine found
that 1,292 sleep laboratories conducted over 1.1 million poly-
somnograms (PSGs) in the year 2001, resulting in 427
PSGs/year per 100,000 population in the United States. The
authors conclude that the numbers have likely gone up since.
The increase is consistent with other countries, such as

Australia, which has seen steady PSG growth since publicly
funded reimbursement began in 1990, according to a 2007
study by JCSM. But the reasoning behind sleep testing is
strong: there is no way of confidently making a clinical diagno-
sis on illnesses like obstructive sleep apnea or narcolepsy with-
out properly conducted formal sleep studies.

Testing: One, Two, Three
Sleep studies are indicated whenever the neurologist suspects a
primary sleep disorder or a sleep disorder associated with a neu-
rological disease that can be objectively documented in PSG.
More specifically, “sleep studies are almost always indicated for
the complaint of excessive daytime sleepiness, and usually for
the parasomnias,” says Mark W. Mahowald, MD, Director of
the Minnesota Regional Sleep Disorders Center and Chief of
Neurology at Hennepin County Medical Center. Dr.
Mahowald says they are rarely indicated for complaints of
insomnia or restless leg syndrome, but “sleep studies are often
indicated in patients with congestive heart failure, as about 50
percent will display central sleep apnea.”

But before ordering a test that rivals the cost of a new big
screen TV, the indication should be when the sleep disorder is
suspected to be clinically relevant. Examples provided by
Antonio Culebras, MD, Professor of Neurology at SUNY
Upstate Medical University, include:



• When sleep apnea is causing hypertension or hyposomnia.
• If RLS is associated with periodic limb movements.
• Insomnia is secondary to a physical/neurological ailment

such as sleep apnea.
• Central sleep apnea in any of the neurodegenerative disor-

ders.
• Suspected narcolepsy. Since this is considered a disability

in some states, Dr. Culebras says it’s always necessary to docu-
ment the diagnosis with PSG plus MSLT.

Sleep testing can prove to be vital in making the right diag-
nosis and starting the correct therapy as quickly as possible.
When appropriately ordered and correctly interpreted, sleep
studies can offer information that wouldn’t otherwise be avail-
able, providing verification of the clinical diagnosis and a meas-
ure of the severity of the condition. The severity of sleep apnea,
for example, is currently measured by the apnea/hypopnea
index, or number of respiratory events per hour of sleep.
Affirmation of the diagnosis plus severity of the condition are
parameters necessary to delineate a therapeutic regimen, Dr.
Culebras says. “A good illustration is the fact that sleep apnea
of mild severity may respond to weight loss plus a mandibular
advancement device, whereas if severe may need non-invasive
positive pressure ventilation.” 

Dr. Mahowald adds that he feels there must be a strong
comanagement relationship between the generalist and special-
ist, and proper structure in their roles. “One important con-
cept,” he says, “is that patients with sleep complaints need sleep
doctors before they need sleep studies to assure that the studies
are indicated, and interpreted in view of the overall clinical sit-
uation. The common (mal) practice of having sleep studies per-
formed and interpreted by someone with no clinical contact
with the patient is to be discouraged.”

Although the relationship between RLS and PSG may be
chilly in some corners of neurology, new research advocates giv-
ing greater credence to the relationship. Because RLS can often
have a difficult differential diagnosis and there are problems
assessing severity, a study in the June 11th online edition of
Sleep Medicine says PSGs should be given another look. The
PSG with a preceding suggested immobilization test presents
impartial measures of the motor sign of RLS, the PLMS under
typical circumstances of sleep and during quiet resting, both of
which incite RLS symptoms. “The diagnostic sensitivity and
specificity for these measures is about the same as that for
MSLT diagnosis of narcolepsy and the use of these tests
deserves to be reconsidered,” writes study author Dr. Richard
Allen of Johns Hopkins. Dr. Collins reiterates that RLS is a
symptom, and has characteristic historic features that character-
ize it. “There are no PSG diagnostic criteria to diagnose it,” she
says.

The importance of properly ordering and interpreting a

PSG in the case of OSA is clear, but its consequences are spelled
out in a February study in the Journal of Evaluation in Clinical
Practice that looks at the dangers surrounding surgery for OSA.
The study argues that despite perspective on efficacy varying
significantly, their use is proliferating and finds that there is
“substantial procedure variability and limited effectiveness.”
Researchers followed participants in a multi-center retrospec-
tive clinical audit of successive, unselected surgical cases pre-
senting at two sleep disorder clinics in a major Australian city
where patients underwent PSG before and after OSA surgery to
gauge effectiveness. 

In the study, 94 patients received 220 upper airway surgical
procedures, 184 occurring in their first operation (mean 2.5 per
person, range 1-7) and 36 occurred in a second operation
(n=18, with a cumulative mean of four per person and rage of
3-7). This group of 94 patients underwent 41 varying combi-
nations of therapy and results showed an overall physiological
success rate of just 13 percent. Having one operation reduced
the severity of OSA by 20 percent (patients still experienced
severe OSA) and having two operations reduced severity by 35
percent (still moderate OSA). “This raises questions as to the
quality of care, the treatment-derived health outcomes of this
population and of efficient resource allocation,” the authors
conclude.

In patients with neuromuscular disorders, nocturnal sleep-
related ventilatory alterations may occur disproportionately to
the severity of the neuromuscular disorder. “PSG are critical to
diagnose diaphragmatic failure in neuromuscular disorders,”
Dr. Culebras says. “When both thoracic muscle groups and
diaphragm are weak or fatigue easily, respirations may suffer
during sleep and the patient may develop a combination of
sleep apnea and hyposaturation syndrome,” he says, adding
that all patients with a neuromuscular disorder should be inves-
tigated with PSG when they complain of daytime sleepiness. In
disorders of progressive neuromuscular weakness, such as amy-
otrophic lateral sclerosis, the PSG can be “extremely helpful,”
Dr. Collins says, “in determining if the patient has purely
hypoventilation problems that would need to be treated with
BiPAP, versus a patient whose bellows are working OK for the
moment but upper airway is involved and would do best with
CPAP.”

Home Sweet Home?
There are various protocols suited for the condition to be inves-
tigated. For example, there is a seizure protocol with many
EEG channels, a sleep apnea protocol with respiratory param-
eters, a parasomnias protocol with video-recording, a limbs
protocol with monitoring of two legs and one arm, and an
MSLT but the protocols are not rigid and can be combined to
best suit the diagnostic needs, among others. Where some
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debate opens up, however, is the place of home/portable test-
ing. The high cost and inconvenience of asking a patient to
make a night-long trip to a sleep clinic has naturally left the
medical community to seek alternative testing methods to pro-
vide a cheaper price tag that provides the comfort and familiar-
ity of home. 

Seeking to compare the accuracy of home sleep studies with
laboratory PSG in the diagnosis of obstructive sleep apnea, a
study in the June 2006 issue of The Laryngoscope found that,
“home sleep studies provide similar diagnostic information to
laboratory polysomnograms in the evaluation of sleep-disor-
dered breathing but may underestimate sleep apnea severity.”
Their results, founded on a total of 18 papers identified in two
independent Medline searches, showed that respiratory distur-
bance index values on portable sleep studies were 10 percent
lower on average compared with laboratory studies; no signifi-
cant difference in the mean low oxygen saturation on portable
versus laboratory studies; recorded sleep time was significantly
higher by 13 percent for laboratory in comparison to portable
studies; and portable studies were significantly more likely to
give a poor recording in contrast to laboratory examinations.
The price “of home studies ranged from 35 percent to 88 per-
cent lower than laboratory studies across a number of coun-
tries.” 

An additional study in the April 2006 issue of the Journal
Of Clinical Sleep Medicine found a somewhat similar conclu-
sion, saying that home studies and split-night PSG were a cost-
effective alternative to full-night PSG.

Whether these studies and others impact overnight PSG

remains to be seen, but there is a healthy level of skepticism that
it can be replaced by less costly testing methods. “In many
instances these alternative tests are not cost-effective because, if
positive, a PSG may be required to verify the diagnosis and if
negative in the face of a strong clinical suspicion, a PSG will be
needed also,” Dr. Culebras says, adding that the patient com-
monly ends up having an alternative test plus overnight PSG. 

Dr. Mahowald adds that a “negative” home study does not
rule out sleep apnea, “and is worthless in the setting of nar-
colepsy,” as well as having absolutely no value in parasomnias.
However, Emmanuel Mignot, MD, PhD sides with the idea
that a non-PSG test can be of use, at least for the diagnosis of
OSA. “But ambulatory monitoring is not reimbursed by
Medicare and most insurance,” says Dr. Mignot, a Howard
Hughes Medical Institute investigator as well as Professor of
Psychiatry and Behavioral Sciences at the Stanford University
Center For Narcolepsy.

Home studies may have a place in sleep medicine as a fol-
low-up test, at least according to research published in the
January 2007 issue of Nagoya Journal of Medical Science. In 18
patients, researchers calculated the number of apnea/ hypopnea
episodes per hour (apnea/hypopnea index, or AHI), the total
time that nocturnal oxygen saturation was <90 percent (oxygen
desaturation time, or ODT), and the minimum oxygen satura-
tion during sleep (lowest Spo2). Researchers then used a home
screening device, called the LT-200, which records data on both
breathing conditions and body positions for up to three consec-
utive days, and PSG to assess any progress in the data obtained
after auto-continuous positive airway pressure therapy. The
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Basic rules
• All respiratory events counted are at
least 10 seconds in duration.
• All events need to have at least a
3% or greater oxygen saturation
(SaO2) decrease.
• EEG arousals occur with most res-
piratory events.

Periodic limb movement
• Each jerk must be greater than 0.5
seconds but less than 5 seconds in
duration.
• Each jerk must be greater than 0.25
amplitude of physiological calibration.
• Must have 4 jerks separated by no
more than 90 seconds (Some proto-
cols allow for 120-second variability.)

Obstructive apnea
• No airflow for greater than 10 sec-
onds.
• Increasing respiratory effort; usually
seen as paradoxical.
• SaO2 decrease greater than 3%
(may be adjusted).

Central apnea
• Absence of airflow at nose and
mouth for greater than 10 seconds.
• Complete absence of respiratory
effort.
• SaO2 decrease of greater than 3%.

Mixed apnea
• Complete absence of nasal and
oral airflow.

• Total absence of respiratory effort at
the beginning of the event, followed
by a gradual increase in effort, which
eventually breaks the apnea (usually
paradoxical).
• SaO2 decrease of greater than 3%.

Hypopnea
• Reduction in airflow to approximate-
ly 50% of baseline value.
• SaO2 decrease of greater than 3%.
• Usually is a steadily increasing effort
signal and usually is associated with
arousal.

Source: www.emedicine.com/
neuro/topic566.htm

Respiratory Events And Leg Movement Scoring
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results showed that AHI, ODT and lowest Spo2 values did not
differ appreciably amid the PSG and LT-200 recordings on the
control and therapy nights. The study authors concluded that it
may be a useful tool for following up because “our findings sug-
gest that […] the LT-200 device provides important informa-
tion about the severity of OSAS, the efficacy of auto-CPAP
therapy, and body position under unattended conditions in the
home.”

Once a PSG is complete, there is little research available on
patients with a normal screening but still presenting sleep com-
plaints. One study in the July 15th, 2006 Journal of Clinical
Sleep Medicine did seek to follow up with such patients, inter-
viewing 27 people via structured telephone interview. The
researchers requested information about their main sleep com-
plaint, diagnosis given by the ordering physician, treatment for
the sleep complaint, further studies, and overall satisfaction. 

Of these patients, 52 percent were not given a diagnosis by
the referring physician after their normal PSG to explain their
sleep symptoms. Twenty-nine percent were offered therapy for
their sleep complaints despite normal PSG and 74 percent
reported no change in their sleep quality after the PSG. The
majority of the participants, 66 percent, said they did not find
the PSG helpful. This lack of communication lead the authors
to conclude, “the majority of patients with sleep complaints and
normal PSG were not given a clear diagnosis by the referring
physician, and sleep complaints persist after a normal PSG.”

When a sleep test comes back negative for sleep-disordered
breathing and fails to diagnose a patient physiologically, one
study says attention should be given to the psychological com-
ponent. Underlying mental disorders caused patients to be con-
siderably less likely to have a diagnosis of sleep-disordered
breathing, compared to those without an underlying mental
disorder (66 percent vs. 87 percent, p=0.004), according to an
April 15th 2005 study in the Journal of Clinical Sleep Medicine.
The authors concluded that “a negative sleep study should
prompt clinicians to consider possible underlying psychiatric
disease.” 

The study, however, is not without its detractors, and Dr.
Mahowald for one is wary of the findings. “When something
doesn’t make sense, it doesn’t make sense,” he says. “I would like
to see data supporting the initial statement that there is a high
prevalence of psychiatric disease in patients seen in sleep cen-
ters. I highly doubt that statement.” That said, Dr. Mahowald
says all the study shows is that patients in a sleep clinic deemed
appropriate for sleep studies are more likely to have psychiatric
disease if the study is normal. “That would stand to reason.
Some patients with complaints of fatigue, rather than true
excessive daytime sleepiness—as in fibromyalgia or chronic
fatigue syndrome—have impressive sleep complaints, but no
objective sleep abnormality.”

At any given time a physician has to balance several issues at
once—providing top-quality care versus helping as many
patients as possible, etc.—and the same is true with treatment
options, especially when the evidence conflicts. Though the
aforementioned study that found 66 percent of PSG patients
did not find their study helpful, a different study in the
September 2005 issue of Sleep Medicine reports that “there is a
clear benefit of repeat PSG, with or without PES monitoring,
for patients with a prior negative PSG and continued symp-
toms suspected of having [sleep apnea syndrome].” 

If a customer buys a Ford and is unsatisfied with it, it’s
unlikely they’ll be easily convinced of buying a new Mustang
when they need a new car. Similarly, convincing a patient—or
even yourself—who was unsatisfied with their previous PSG to
pack their bags and undergo another might be difficult. But the
authors of the study contend that, “with repeat PSG and PES
monitoring, 18 of the 28 patients with previous, negative PSG
were diagnosed with sleep apnea.” They also found that the sen-
sitivity of single-night PSG decreased to 97 percent, with the
false negative rate at three percent. Of the 28, only 12 would
have been positive without the additional PES monitoring, and
on the other hand, 10 of the 28 remained negative until addi-
tional assessment revealed other, underlying medical problems
that elucidated their symptoms. 

Although there are several instances when ordering a repeat
PSG is appropriate, Dr. Culebras says that he sees two main rea-
sons. First of all, if a patient on CPAP loses or gains significant
amounts of weight and complains of increasing sleepiness, mask
discomfort and other new symptoms of sleep pathology. “This
patient probably requires a retitration of CPAP pressures. In our
laboratory we perform a split-night protocol,” he says. The sec-
ond instance would be a patient with PSG findings of probable
but not definite narcolepsy—i.e., nocturnal short REM sleep
latency and one episode of REM sleep in MSLT. “This patient
requires a subsequent PSG, six to 12 months later in an attempt
to define the diagnosis. At least two episodes of REM sleep are
required in the MSLT to confirm the diagnosis of narcolepsy,”
Dr. Culebras says.

If money is an issue to a patient, as it typically is, it’s reassur-
ing to know most insurers are cognizant of sleep disorders and
diagnostic needs, Dr. Culebras says, though Dr. Mahowald
notes that prior authorization may be necessary under unusual
circumstances, such as requesting a PSG to evaluate a com-
plaint of insomnia. Also, “some require additional documenta-
tion if more than one test is needed within the year,” Dr.
Culebras says. Others, like Medicaid, pay so little for interpre-
tation that some clinicians write off collection and try to do as
few as possible or do not accept Medicaid. Dr. Mignot also
notes that it can be difficult for insurers to cover the best and
most expensive medications for narcolepsy.  PN
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