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Introduction

M
edical research supports the finding
that obstructive sleep apnea (OSA) is
a significant cause of motor vehicle
crashes (MVCs) resulting in two- to
sevenfold increased risk.1–6 Recent
reports indicate OSA is present in a
greater prevalence in operators of
commercial motor vehicle (CMV)
operators than in the general popula-
tion.1,7 Although U.S. commercial
drivers are required by federal statute
to undergo medical qualification ex-
aminations at least every 2 years, the
most recent OSA recommendations
for medical examiners were prepared
during a 1991 conference sponsored
by the Federal Highway Administra-
tion (FHWA).8 Since then, the clini-
cal diagnosis, evaluation, treatment,
and follow-up criteria have changed
significantly.

Lacking current recommendations
from the U.S. Department of Trans-
portation (DOT), commercial driver
medical examiners (CDMEs) must
rely on outdated guidance and are
thus forced to fill in the many exist-
ing gaps when evaluating CMV op-
erators for this safety-sensitive type
of work. In addition to causing diffi-
culties for the medical examiner, the
current guidelines, or lack thereof,
foster an environment in which driv-
ers who possibly have OSA are
afraid to be evaluated because it
might result in their removal from
work. This set of circumstances may
lead to the underrecognition of this
condition and an increase in MVCs.
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OSA is a risk factor for sudden or
subtle performance impairment lead-
ing to accidents. This impairment
goes beyond simply falling asleep.
The driver must be able to survey the
surrounding environment, stay in his
or her driving lane, and make adjust-
ments in speed and position—a di-
vided-attention task.9 Like with alco-
hol use or hypoglycemia, the driver
tends to underestimate his or her
degree of impairment. Healthcare
providers are also imperfect at as-
sessing impairment10 or adequately
identifying those who should be
evaluated for OSA.11,12 The situation
is further complicated by the fact that
not all patients with OSA are prone
to accidents or performance decre-
ments and some commercial drivers
with OSA are known to have long,
safe driving records despite having
“severe” OSA.

When a medical examiner quali-
fies a CMV operator, he or she is
required to determine whether that
driver meets U.S. federal medical
standards and can perform driving
and nondriving tasks. Examiners
cannot place work restrictions on the
driver such as limiting hours, travel,
or type of vehicle operated. Once a
driver is medically certified, he or
she can use that medical certificate to
perform any task that may be re-
quired of a commercial driver for
any company. The CDME must be
aware that although OSA itself can
affect safety, it also plays a key role
in other medical conditions that may
affect medical certification; these
conditions include hypertension,
heart failure, diabetes, and other car-
diovascular and cerebrovascular dis-
eases.

Due to public safety consider-
ations, acceptable risk is more strin-
gently defined for safety-sensitive
positions than it is for the general
public. This is quite different from
the usual approach in clinical medi-
cine. In assessing risk of accidents
due to a medical condition, commer-
cial drivers must be held to higher
medical criteria than the general pop-
ulation13 for several reasons: they

operate larger vehicles, may trans-
port hazardous material or passen-
gers, operate their vehicles for longer
stretches of time, and have an eco-
nomic incentive to continue driving
when private drivers may choose to
stop for a medical reason or road
conditions. For workers in transpor-
tation and other safety-sensitive po-
sitions in which the risk of impair-
ment or incapacitation puts others at
risk, medical standards and guide-
lines exist for almost all medical
conditions. For example, drivers
with heart disease may be required to
undergo biennial stress tests or echo-
cardiograms to assess heart function
and, if function is below a certain
threshold, withholding of medical
certification is recommended.14

Drivers suspected of having a condi-
tion that may impair safe operation
of the vehicle are required to un-
dergo screening tests to determine
whether the condition is present. Al-
though exercise stress testing is not
generally recommended for the
asymptomatic individual, the U.S.
Preventive Services Task Force ex-
plained that for certain occupations
“considerations other than benefit to
the patient may favor screening.”
The Task Force also notes that al-
though the testing cannot always
identify those at risk of an acute
event, it may “increase the margin of
safety for the public.”15

The Americans with Disabilities
Act (ADA) clearly states that federal
medical standards take precedence
over the ADA and this has been
supported by case law.16 In addition,
for an individual to be considered
covered under the ADA, he or she
must be impaired in activities of
daily living and a broad class of jobs.
CMV operators with suspected or
diagnosed OSA should be evaluated
in the same manner as drivers with
any other potentially impairing med-
ical condition. Determination must
then be made as to whether the driv-
er’s risk of impairment is acceptable
and the duration of his or her certi-
fication determined. The ideal sys-
tem for determining which drivers

with OSA are at highest risk of
accidents has yet to be identified. In
discussing the need for guidelines,
the Federal Motor Carrier Safety Ad-
ministration (FMCSA) explained in
the Cardiovascular Advisory Panel
Guidelines for the Medical Examina-
tion of a Commercial Motor Vehicle
Operator that acceptable risk is a
medical and societal issue, and given
the complex demands of operating a
large truck or bus, coupled with the
high fatality risk for occupants of the
other vehicle in crashes involving
CMVs, a conservative approach is
required.14

The largest study to date per-
formed to estimate the proportion of
commercial drivers license holders
with sleep apnea was conducted in a
cohort of commercial drivers li-
censed in 2002 in Pennsylvania.17

Drivers in this study were promised
complete anonymity and guaranteed
that any findings would be confiden-
tial. The study found that 17.6% of
participants from Philadelphia and
its suburbs had mild sleep apnea,
defined by an apnea–hypopnea in-
dex (AHI) of �5 and �15 events per
hour. Another 5.8% had moderate
sleep apnea, with AHI �15 but �30
events per hour. An additional 4.7%
had severe sleep apnea (AHI �30
events per hour). These findings are
similar to those reported in other
prevalence studies of sleep apnea in
general populations18 –20 but not
close to the extremely high preva-
lence values reported previously for
commercial drivers.21

To address these issues, the Amer-
ican College of Chest Physicians, the
American College of Occupational
and Environmental Medicine, and
the National Sleep Foundation (NSF)
convened a Task Force to review the
existing literature and the medical
regulations/guidelines for CMV op-
erators with or suspected of having
OSA. Literature searches were con-
ducted through Medline using search
terms (alone and in combination)
that included sleep apnea, driving,
accidents, pretest probability, com-
mercial drivers, drowsy driving, reg-
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ulations, policy, federal guidelines,
crashes, medical risk, assessments,
and driving fitness.

Medical standards from DOT
agencies were reviewed for refer-
ences to OSA as were standards and
guidelines on drivers from several
international groups. Reports and
recommendations from the National
Transportation Safety Board (NTSB)
and FMCSA were also obtained and
reviewed.

Once a preliminary document was
prepared and reviewed, the Task
Force met to develop recommenda-
tions based on that review. The main
recommendation areas covered were:

• Screening;
• Diagnosis;
• Treatment;
• Return to work after removal from

service for evaluation and/or treat-
ment of OSA; and

• Follow up.

Additional topics discussed in-
cluded assessing compliance, dura-
tion of certification, and other is-
sues or research that would need to
be considered. Although these rec-
ommendations are directed toward
the CMV driver, they would also be
relevant to others in positions in

which public safety is an issue such
as those employed in safety-
sensitive rail work (engineer, con-
ductor, switchman, and so on),
transit, maritime, military, or nu-
clear operations, in which recent
official criteria does not exist.

The recommendations of this
Task Force have been endorsed by
the Board of Directors of each of
the respective organizations. They
have not been adopted by the
FMCSA and therefore are not offi-
cial guidelines.

Definition of Obstructive Sleep
Apnea

The term obstructive sleep apnea
syndrome (OSAS) has been used
synonymously with the term ob-
structive sleep apnea hypopnea
syndrome. The International Clas-
sification of Sleep Disorders, 2nd
Edition (ICSD-2) recommends us-
ing the term OSA to be consistent
with the International Classifica-
tion of Diseases, 9th Revision and
International Classification of Dis-
eases, 10th Revision classification
scheme.22 Patients with this disor-
der have repetitive partial or com-

plete obstruction of upper airway
tissues during sleep that results in
sleep disruption, gas exchange ab-
normalities, and cardiovascular
changes. This type of sleep-
disordered breathing is a spectrum,
and the boundary between safe and
unsafe levels is uncertain and
changeable.

The AHI is the most commonly
used criterion to establish the diag-
nosis of OSA and to quantify its
severity. The definitions of the spe-
cific criteria for apneas and hypop-
neas are defined in the “Polysom-
nography” (PSG) section of this
document. AHI is defined as the
sum of apneas and hypopneas di-
vided by the hours of sleep. The
U.S. Centers for Medicare and
Medicaid (CMS) operationally de-
fines OSA as an AHI of five events
or more per hour of sleep with
sequelae (hypertension, stroke,
sleepiness, ischemic heart disease,
insomnia, mood disorders) or 15 or
more events per hour of sleep with-
out sequelae.23 The ICSD-2 defines
OSA as five or more obstructed
breathing events per hour of sleep
with the appropriate clinical pre-
sentation (see Table 1).

TABLE 1
International Classification of Sleep Disorders, 2nd Edition: Obstructive Sleep* Apnea in Adults
A. At least one of the following applies:

i. The patient complains of unintentional sleep episodes during wakefulness, daytime sleepiness, unrefreshing sleep, fatigue, or insom-
nia;

ii. The patient wakes with breathholding, gasping, or choking; or
iii. The bed partner reports loud snoring, breathing interruptions, or both during the patient’s sleep.

B. Polysomnographic recording shows the following:
i. Five or more scoreable respiratory events (ie, apneas, hypopneas, or respiratory-effort related arousals) per hour of sleep;
ii. Evidence of respiratory effort during all or a portion of each respiratory event (in the case of a RERA, this is best seen with use of

esophageal manometry).
OR
C) Polysomnographic recording shows the following:

i. Fifteen or more scoreable respiratory events (ie, apneas, hypopneas, or respiratory-effort related arousals) per hour of sleep; or
ii. Evidence of respiratory effort during all or a portion of each respiratory event (in the case of a RERA, this is best seen with use of

esophageal manometry).
D) The disorder is not explained by another current sleep disorder, medical or neurological disorder, medication use, or a substance abuse

disorder.

Note: For diagnosis, need A, B, and D or C and D.
* Adapted from Department of Health & Human Services, Centers for Medicare & Medicaid Services. Medicare Coverage Issues Manual.

2001. Available at: http://new.cms.hhs.gov/transmittals/downloads/R150CIM.pdf.
RERA indicates respiratory-effort related arousal.
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Current Regulations,
Recommendations, and
Guidelines

Regulations and Guidelines for
Commercial Motor Vehicle
Drivers in the United States

The U.S. federal medical standard
for CMV operators that covers OSA
is section 49 CFR 391.41(b)(5) of the
Federal Motor Carrier Safety Regu-
lations (FMCSRs). This section
states that the driver must have “no
established medical history or clini-
cal diagnosis of a respiratory dys-
function likely to interfere with his
ability to control and drive a motor
vehicle safely.”

Until 1998, there was no specific
mention of OSA in the regulation
itself or in the FMCSA medical ad-
visory criteria. The advisory criteria
are a series of recommendations cre-
ated to assist CDMEs in determining
whether a driver meets the medical
standards. The FHWA’s 1991 Con-
ference on Respiratory/Pulmonary
Disorders and Commercial Drivers8

and 1998 Conference on Neurologic
Disorders and Commercial Drivers24

offered recommendations, but these
have not been updated.

The 1991 respiratory/pulmonary
conference report8 suggested that
drivers should be screened by asking
if they snore and frequently fall
asleep during the day. The report
recommended that those with sus-
pected or diagnosed but untreated
sleep apnea should not be medically
qualified to drive until the diagnosis
was eliminated or the condition suc-
cessfully treated. Once diagnosed, it
was recommended that drivers not
return to work for 1 month. Before
returning to safety-sensitive work,
the driver should have either a repeat
sleep study showing resolution of the
apneas or a normal Multiple Sleep
Latency Test (MSLT). Yearly sleep
studies or MSLTs were recom-
mended for follow up.

The neurologic disorders report24

recommended that CMV operators
with sleep apnea and any of the symp-

toms related to excessive daytime
sleepiness not be permitted to operate
in interstate commerce. Only surgical
treatment was addressed in this report
and a 3-month wait and laboratory
studies (MSLT or polysomnogram)
was recommended before allowing op-
erators to resume commercial driving.

In 1998, a proposed new medical
examination reporting form was pub-
lished in the Federal Register.25 A
new question was added to the driver
medical history that asks whether the
driver has a sleep disorder, pauses in
breathing while asleep, daytime sleep-
iness, or loud snoring. Parents Against
Tired Truckers (PATT) requested that
the Epworth Sleepiness Scale (ESS) be
added to the examination, but in a
Final Rule announcement,26 the
FMCSA did not include the ESS. The
agency indicated that research was on-
going and referred examiners to the
respiratory/pulmonary report.

Although there has been no com-
plete current guidance on diagnosis,
treatment, or assessment of drivers
suspected of having or diagnosed with
OSA, the FMCSA did issue a state-
ment in 2004 regarding modafinil, a
psychostimulant used to enhance
wakefulness. The agency pointed out
that modafinil did not cure the sleep
disorder and did have potential side
effects, noting that “Many drugs may
interact with modafinil which include
over-the-counter medication, prescrip-
tion medication, nutritional supple-
ments, herbal products, alcohol-
containing beverages and caffeine.”27

The agency further stated “Until there
is more information regarding modafi-
nil, the Federal Motor Carrier Safety
Administration is recommending that
commercial motor vehicle drivers not
use modafinil for obstructive sleep ap-
nea/hypopnea syndrome and shift
work sleep disorders.” Examiners
were also reminded that narcolepsy
disqualifies CMV operators.

Drivers that operate CMVs also
drive private vehicles and many
states also have medical criteria that
address the medical fitness of oper-
ating a private vehicle. Most state
driving regulations address medical

fitness, but some such as California
and Texas specifically address sleep
apnea, listing it as a condition that if
uncontrolled, prohibits driving.28

Sleep Apnea and Other U.S.
Transportation Modes

Other transportation modes in the
United States have their own specific
regulations and guidelines concern-
ing workers with OSA. For example,
the Federal Aviation Administration
(FAA) does not permit an aviation
medical examiner (AME) to make an
initial determination on a pilot of any
class with OSA.29 The pilot can ap-
ply for a special issuance from the
FAA. All pertinent medical informa-
tion and a current status report must
be submitted. A polysomnogram,
discussion on use of medications,
and any treatment and continuous
positive airway pressure (CPAP) ti-
tration study results must be included
in this report. Once the FAA has
issued an Authorization for a Special
Issuance, the AME may reissue the
airman medical certificate provided
the pilot provides a current report
(performed within the last 90 days)
from the treating physician. The re-
port must reference the present treat-
ment and whether it has eliminated
any symptoms and include specific
comments regarding daytime sleepi-
ness. If there is any question about
the pilot’s response or compliance
with treatment, a maintenance of
wakefulness test (MWT) is required.
The AME is also instructed to defer
to the Aeromedical Certification Di-
vision or a regional flight surgeon if:

• There is any question concerning
the adequacy of therapy;

• The applicant appears to be non-
compliant with therapy;

• The MWT demonstrates sleep de-
ficiency; or

• The applicant has developed some
associated illness such as right-
sided heart failure.

If a pilot undergoes a surgical
procedure as treatment for OSA, a
MWT is required before returning to
flying. The FAA does not permit the
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use of modafinil in commercial air-
men (Warren Silberman, DO, MPH,
personal communication, November
4, 2005).

Although the Federal Railroad Ad-
ministration (FRA) does not have
medical standards that specifically
address sleep apnea, a safety advi-
sory was issued in 2004 as the result
of a 2001 collision between two
trains near Clarkston, Michigan. The
NTSB determined that the probable
cause of the accident was crewmem-
ber fatigue, primarily due to the en-
gineer’s untreated and the conduc-
tor’s insufficiently treated sleep
apnea.30 The FRA alerted the rail-
road community to the dangers asso-
ciated with undiagnosed or unsuc-
cessfully treated sleep disorders and
offered recommended actions to pro-
mote fitness. In addition to the Clark-
ston rail accident, the NTSB has also
indicated that undiagnosed or insuf-
ficiently treated OSA may have con-
tributed to several highway,31–33 ma-
rine,34 and rail35,36 accidents.

International Guidelines for
Commercial Drivers With
Obstructive Sleep Apnea

There are several international
guidelines to help determine the
medical fitness of employees to op-
erate motor vehicles. The Canadian
Medical Association (CMA) pub-
lished Determining Medical Fitness
to Drive: A Guide for Physicians.37

This guide, which covers both pri-
vate and commercial vehicle opera-
tors, recommends that drivers who
report excessive somnolence and a
history consistent with a sleep disor-
der be evaluated in a sleep labora-
tory. Those who have been involved
in an at-fault MVC within the pre-
ceding 12 months should be ques-
tioned by their physician about ex-
cessive somnolence. The presence or
absence of the following risk factors
should also be assessed: more than
40 years of age, chronic heavy snor-
ing, witnessed apnea, uncontrolled
hypertension, significant cardiovas-
cular disease, morning headaches,

craniofacial abnormalities, or obe-
sity. Those with excessive somno-
lence and one or more of these risk
factors should be evaluated for OSA.
A driver whom a physician feels is
likely to have a sleep disorder and
who refuses evaluation should not be
permitted to drive any class of vehi-
cle. The CMA indicated that patients
with mild OSA could be treated
through behavioral modification
(such as weight reduction, change in
sleeping position, eliminating alco-
hol and sedatives before sleep) or by
the use of oral appliances, but they
would require reassessment for effi-
cacy of treatment before resumption
of driving. If treatment with CPAP is
undertaken, compliance should be
objectively assessed at 1 to 2 months
after diagnosis. If the treatment is
uvulopalatopharyngoplasty (UPPP)
or other surgery, a repeat sleep study
should be considered.

Canadian drivers who have doc-
umented OSA through a sleep
study and are compliant with CPAP
or have had successful UPPP treat-
ments are considered safe to drive
any type of motor vehicle. Those
with moderate to severe OSA doc-
umented by sleep study and who
are not compliant with treatment
should not drive any type of motor
vehicle. Patients with a high AHI,
especially if associated with right
heart failure or excessive daytime
somnolence, should be considered
at high risk for MVCs and not
permitted to drive. Drivers who are
thought to be compliant with treat-
ment but are in a MVC in which
they were at fault should not drive
for at least 1 month.

These recommendations have
been adopted by the Canadian
Council of Motor Transport Ad-
ministrators (CCMTA) in their CC-
MTA Medical Standards for Driv-
ers,38 which are part of Canada’s
National Safety Code. These med-
ical standards have been adopted
by most, but not all, Canadian
provinces. The standards state that
a driver with OSA “may operate
any class of vehicle after the con-

dition has been adequately treated
and controlled, subject to continued
medical surveillance.”

Australia also has guidelines for
both private and commercial drivers.
Austroad, the association of Austra-
lian and New Zealand road transport
and traffic authorities, recommends
that patients in whom sleep apnea is
suspected or those with excessive
sleepiness should be referred to a
sleep specialist for further assess-
ment, including an overnight poly-
somnogram.39 The ESS is included
in the driver history questionnaire.
Drivers, especially CMV operators,
who are considered high risk, eg,
those with severe daytime sleepiness,
a history of frequent self-reported
sleepiness while driving, MVCs
caused by inattention or sleepiness,
or an ESS score above 16, should be
referred for evaluation. CMV drivers
who are diagnosed with OSA and
require treatment are advised to have
annual review by a sleep specialist.
They should not be permitted to
drive until treatment is effective. It
is also advised that consideration
should be given to how the driver
would be able to comply with treat-
ment while on the road. For those
on CPAP, it is recommended that
they use a machine with a compli-
ance meter. Objective assessment
of sleepiness, either an MWT or an
MSLT, should be considered, espe-
cially if there is a concern about
residual sleepiness or compliance.
Medical determinations for rail
workers in safety-sensitive posi-
tions are found in the Code of
Practice for Health Assessment of
Rail Safety Workers 40 and essen-
tially mirror the guidelines for driv-
ers.

In the United Kingdom, commer-
cial drivers with OSA are required to
stop driving until symptoms are sat-
isfactorily controlled and ongoing
compliance with treatment is con-
firmed by a specialist.41 An annual
review is required, but there are no
other specific criteria.
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Identification and Diagnosis of
Patients at Risk for Sleep
Apnea

History and Physical Predictors
of Obstructive Sleep Apnea

There are some physical findings
and a few historical facts that would
normally be elicited during the com-
mercial driver medical examination
that might suggest the diagnosis of
OSA. The only portion of the exam-
ination directly related to OSA is the
question of whether the driver has
any “sleep disorders, pauses in
breathing while asleep, daytime
sleepiness, or loud snoring.”25 Un-
fortunately, in informal surveys con-
ducted at multiple CDME educa-
tional offerings over that past 5 years
by one of the authors, it was found
that few drivers are currently re-
sponding “yes” to this question. If
the driver is accompanied by a bed
partner, the examiner should also ask
that person if they have noticed any
snoring or any gasping or pauses in
breathing. In any driver, but espe-
cially in those with history or physi-
cal findings suggestive of OSA, the
examiner should inquire about
MVCs and try to determine if these
crashes might have been due to fa-
tigue or inattention because a history
of sleep-related crashes is a high
predictor of future sleep-related
crashes.

There are several risk factors for
OSA, the strongest being obesity and
age.42,43 The prevalence of OSA in-
creases with age, with a two- to
threefold higher prevalence in indi-
viduals over 65 compared with those
in middle age.44 The body mass in-
dex (BMI)—weight in kg/height in
m2—should be determined in all
commercial drivers because there is
a relationship between a BMI of �26
kg/m2 and OSA.45 A recent study
suggested that BMI should be a first-
line screening criteria in professional
drivers.46 In this study, a relationship
between BMI and AHI as well as
between BMI and excessive daytime
sleepiness, as measured by an

MSLT, was found. The study also
found that obese truck drivers in
their 20s did not have apnea, whereas
individuals with class 2 or 3 obesity
(BMI �35 kg/m2) who were 50 to 59
years of age had a higher prevalence
of OSA. In this population, it appears
that the prevalence of severe apnea
was a function of both age and
BMI.17

Examiners should also assess neck
circumference because it has also
been associated with increase risk of
OSA.47,48 In males, a neck circum-
ference of �17 inches has been
highly correlated with OSA49,51 as
has a neck circumference of �16
inches in a woman.50,51 Neck cir-
cumference may correlate better with
OSA than BMI, and there may be a
relationship between neck circumfer-
ence and the severity of OSA.51 Ex-
aminers should also examine cranio-
facial features. Those features that
have been shown to increase the risk
for OSA include a high and narrow
hard palate, an elongated soft palate,
small chin, and an abnormal distance
between upper and lower incisors.
Tonsillar enlargement and narrowing
of the airway by the lateral pharyn-
geal walls and a receding chin are
also predictive of OSA.49 Risk may
increase with a positive family his-
tory of OSA.52,53

Although male gender is consid-
ered a risk for OSA, the diagnosis is
often not considered in women,54

especially if the BMI is �30 kg/m2.
The male to female ratio in OSA
patient populations (8:1) differs sig-
nificantly from that in population-
based studies in which OSA has not
been diagnosed (2:1), suggesting that
women with OSA are less likely to
be evaluated and diagnosed.47,50 The
likelihood of OSA rises significantly
after menopause to a 1:1 ratio.55,56

OSA appears to be an independent
risk factor for hypertension,57–64 but
this relationship may be related to
age, gender, BMI, smoking, or alco-
hol use. The Sleep Heart Health
Study found a linear relationship be-
tween hypertension and the severity
of OSA.60 In their seventh report

(JNC VII), the Joint National Com-
mittee on Prevention, Detection,
Evaluation, and Treatment of High
Blood Pressure listed OSA first on
the list of identifiable causes of hy-
pertension.63 In one study of patients
with resistant hypertension (poorly
controlled despite the use of 3 or
more antihypertensive agents), un-
suspected sleep apnea was noted in
83%.64 Because of this relationship,
drivers who are hypertensive and
have other risk factors should be
considered to be at increased risk of
having OSA.

OSA is also associated with diabe-
tes, coronary artery disease, myocar-
dial infarction, congestive heart fail-
ure, and stroke,65 and the CDME
should be highly suspicious of an
increased risk for OSA in drivers
with these conditions. Although,
based on history and physical find-
ings, an examiner may have a high
suspicion that a driver has OSA,
more definitive evaluations should
be performed.

Screening Questionnaires and
Algorithms

Numerous tools exist for identify-
ing those at risk for sleep apnea. The
majority of these instruments use
self-reported symptoms combined
with demographic and anthropomet-
ric variables to discriminate between
patients with and without OSA,66–81

although two instruments use only
anthropometric/physical examina-
tion findings78,79 (details of evalua-
tions of such instruments can be
found in Table 2). In general, when
compared with polysomnography,
the models have reasonable sensitiv-
ities (generally �80%) but poor
specificities (generally �60%).
Therefore, the likelihood ratios are in
a range (0.2–5.0) that does not sig-
nificantly increase or decrease the
posttest probability of the presence
of OSA, particularly in populations
with a high pretest probability of
disease,77 eg, truck drivers.

A significant problem with the
studies investigating these tools is
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that the instruments have typically
been compared with polysomnogra-
phy rather than with functional out-
comes. Another limitation is that the
majority of models were created in
sleep clinic populations; therefore,
they were specifically created to de-
termine which patients who had
symptoms suggestive of OSA were
most likely to have OSA. Thus, the
models may have limited use and
validity in broader populations of
patients, including CMV drivers.
(Two screening tools were created
using data from nonsleep clinic pop-
ulations, one from an epidemiologic
cohort70 and one from a primary care
population.74) Other limitations of
the studies include single-center
studies in the majority, data from
limited numbers of women and mi-
norities included in the model, and
uncertainty about patient recruitment
methods. The limitations of screen-
ing models were shown in a study by
Rowley in which four of the models
were prospectively tested in a con-
secutive group of 370 patients re-
ferred to a sleep center.77 In this
study, no patients were excluded, a
large number of women were en-
rolled, and the pretest probability
was high (67%). In general, the mod-
els had lower likelihood ratios than
in the original studies (positive like-
lihood ratios 1.1–1.7). Therefore, the
clinical prediction models tested may
not be sufficiently accurate to dis-
criminate between individuals with
or without OSA. Lower likelihood
ratios have also been found in other
studies in which a prediction model
was used in a population other than
the original.71,76 Of note, however, is
that Rowley found that prediction
models may be more accurate in
identifying individuals with more se-
vere sleep apnea (AHI �20; positive
likelihood ratios 2.6–5.6). Thus, one
application of prediction models
could be to identify patients at the
highest risk of OSA with further
testing or empiric treatment performed
just on the high-risk group. This ap-
proach has been studied by one group
in CMV drivers in Pennsylvania,

which combined the questionnaire
prediction model with overnight
oximetry, resulting in improved sen-
sitivity and specificity.80,81

The Berlin Questionnaire. One
well-studied, self-report instrument
is the Berlin Questionnaire, which
resulted from a 1996 consensus con-
ference of primary care physicians
who were presented with the risk
factors for sleep apnea.42,74 The
Questionnaire addresses three known
risk factors for sleep apnea: snoring
history, tiredness, and history of high
blood pressure and/or a BMI of �30
kg/m2. The determination of a “high
risk” (high pretest probability) and
“lower risk” (low pretest probability)
for sleep apnea is based on the fre-
quency of these symptoms and on
traits. To be “high risk,” a person
must have reported persistent symp-
toms (�3–4 times/week or every
day) on two or more questions about
snoring (category 1) or waketime
sleepiness and/or drowsy driving
(category 2) or persistent symptoms
in either category 1 or category 2 and
at least one feature (history of high
blood pressure or BMI �31 kg/m2)
in category 3. Respondents who deny
chronic symptoms or have frequent
symptoms or signs in only one cate-
gory are placed in the “lower risk”
group. In combination with portable
monitoring, one study of a primary
care population reported a sensitivity
of 0.77, a specificity of 0.89, and a
positive predictive value of 0.71.74 In
an assessment comparing the Berlin
Questionnaire with polysomnogra-
phy in a population of cardiology
patients, the sensitivity was 0.86,
specificity 0.87, and positive predic-
tive value 0.97.82

The Berlin Questionnaire was also
used in a survey of 10,101 truck
drivers.7 Approximately 26% of
these truck drivers were found to be
at high risk for sleep apnea, although
this was not confirmed with objec-
tive testing. Approximately 15% of
the drivers self-reported falling
asleep while driving. In an adjusted
multiple logistic model, smoking and
drug use were associated with high

risk for OSA, whereas self-reported
occasional and regular physical ac-
tivity was an independent factor pro-
tective of OSA. The authors con-
cluded that programs aimed at
engagement in physical exercise
could be considered to reduce OSA
risk. It is important to note that this
study was conducted independent of
evaluation for medical certification
and thus did not affect work status.

Screens of Sleepiness and Sleep
Efficacy. Two commonly used
screens for sleepiness and sleep effi-
cacy are the ESS and the Functional
Outcomes of Sleep Questionnaire
(FOSQ). Some studies have found
that these tools have predictive value
for car crashes, at least when applied
to individuals in research condi-
tions.1 Subjective sleepiness is com-
monly assessed clinically with an
ESS.83 The ESS correlates with mea-
sures of sleep-disordered breathing
and is more likely to be elevated in
individuals with sleep disorders than
in those with no sleep pathology. A
total score below 10 points (out of
24) is typically reported as normal.
Although subjective, ESS scores cor-
relate with pathology and improve
with effective treatment of sleep ap-
nea.84 Recent retrospective data from
the Sleep Heart Health Study found
that more than 50% of individuals
with moderate to severe OSA (AHI
�15) were not subjectively sleepy as
assessed by the ESS.60 Therefore, a
normal ESS score (�10) does not
rule out OSA.

The FOSQ is a 30-item, self-report
instrument to assess the functional
consequences of daytime sleepi-
ness.85,86 A total score can be calcu-
lated from five subscale scores. The
measure has demonstrated internal
reliability (� � 0.95 for the total
scale and 0.86–0.91 for the five
subscales) and test–retest reliability
(r � 0.90 for the total measure and
0.81–0.90 for the five subscales).
The FOSQ also predicted driving
accidents in CMV drivers.1 A num-
ber of controlled studies have dem-
onstrated the ability of the FOSQ to
detect treatment response. In patients
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with OSA, this instrument measured
differences between interventions
with CPAP and placebo87,88 conser-
vative treatment,89 and oral applianc-
es.90,91 The FOSQ also demonstrated
differences in treatment response be-
tween placebo and radiofrequency
ablation treatment.92

Multivariate Apnea Predictor. The
Multivariable Apnea Prediction
(MAP) Questionnaire is a tool used
to identify persons at high risk for
OSA. This tool was validated in a
sleep clinic population71,81 and also
in general groups, particularly CMV
drivers.80 This tool relies on a com-
bination of sources of information:
the frequency of having apnea-
related symptoms, BMI, age, and
gender. Because BMI is in itself such
a powerful predictor of the presence
of OSA, the MAP score is particu-
larly useful in situations when obe-
sity is not present.

In the MAP questionnaire, sub-
jects are asked three questions in the
following way: “During the past
month, have you had, or have you
been told about, the following symp-
toms: 1) snorting or gasping; 2) loud
snoring; and 3) breathing stops,
choking, or struggling for breath?”
Respondents rate symptom occur-
rence as: never (0); rarely, less than
once/week (1); once or twice/week
(2); three or four times/week (3); five
to seven times/week (4); or don’t
know. Each rating is associated with
a numeric score. These symptom-
frequency scores are averaged to-
gether with a potential range of 0 to
4. For example, when all symptoms
are present five to seven times a
week, the average symptom score is
4. This symptom score is then com-
bined with BMI, age, and gender to
determine the multivariable predic-
tion score.72 These scores range from
0 to 1, with 0 representing no risk
and 1 representing maximal risk for
OSA.

Questionnaire-based tools rely
heavily not only on subjective expe-
rience, but also on the willingness of
the person queried to report symp-
toms with full accuracy. Concerns

that such reporting may not be accu-
rate in an occupational setting may
limit the usefulness of the symptom-
based MAP. However, in the re-
search setting, the MAP data were
quite useful in predicting apnea fre-
quency with reasonable accuracy80

because privacy and confidentiality
were guaranteed. An alternative
MAO tool that does not rely on
symptom data is currently being de-
veloped for the CMV driver popula-
tion. It should be noted that the MAP
was not useful in discriminating be-
tween patients with and without
OSA in a population with a high
pretest probability of OSA and,
therefore, should be used cautiously
in such a population.78

Comment. It is important to re-
member that the screening tests and
algorithms discussed were based on
sleep center validation studies, which
by their nature are enriched for
sleep-disordered breathing and are
less common than those encountered
in the general population or in the
trucking community.

Polysomnography
The current gold standard to con-

firm the diagnosis of OSA is noctur-
nal polysomnography (PSG). This
test monitors physiological signals
from various organs and transducts
those signals to a recording device.
Although it is the current standard,
errors can occur and these include
data loss, artifacts, and intra- and
interrater variability in scoring
events. Additionally, different sleep
laboratories use different types of
monitoring equipment, which may
change the sensitivity of event rec-
ognition. However, given these lim-
itations, most sleep laboratories use
similar montages for baseline PSG,
which include central and occipital
electroencephalogram (EEG) leads
based on the International 10/20 sys-
tem; electrooculographic (EOG)
leads to monitor eye movements;
chin (genioglossus) and leg (anterior
tibialis) electromyography leads to
monitor activity of those muscles; a
modified lead II of a standard elec-

trocardiogram to monitor the heart
signal; an airflow signal, with most
sleep laboratories using either or
both a nasal thermistor and a nasal
cannula pressure transducer; a mea-
sure of respiratory effort of the chest
and abdomen with either respiratory
inductance plethysmography or im-
pedance pneumography; and a pulse
oximeter to monitor oxygen satura-
tion continuously. In addition, the
American Academy of Sleep Medi-
cine (AASM) Practice Parameters on
PSG93 recommend a measure of
body position, which may be a sen-
sor placed on the patient or the more
commonly used continuous video re-
cording to observe the patient. Infra-
red lighting is used to allow adequate
viewing with maintenance of a dark
environment. These 11 items are
considered the minimum items re-
quired to perform PSG for diagnosis
of OSA.93 A 6-hour minimum dura-
tion of a diagnostic PSG is preferred,
allowing for the assessment of vari-
ability related to sleep stage and
position with respect to the fre-
quency of obstructive respiratory
events.94 The exception to this is in
the case of a split-night study in
which a patient demonstrating severe
OSA may be initiated on nasal CPAP
after only 2 hours of study.

Once acquired, PSG should be an-
alyzed first by a person trained in the
technical aspects of PSG scoring and
then by a physician with experience
in sleep medicine. Sleep stages are
scored in 30-second epochs accord-
ing to the criteria set forth by Re-
chtschaffen and Kales.95 All the re-
spiratory signals should be reviewed
and breathing events counted.
Breathing events can be broken
down in to apneas, hypopneas, and
respiratory-effort related arousals
(RERA). Apneas are further broken
down into obstructive (continued re-
spiratory effort), central (no respira-
tory effort), or mixed (both obstruc-
tive and central components) events.
Although most sleep laboratories
agree on a standard definition for an
apnea (greater than or equal to 10
seconds of absent airflow), the defi-
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nition of a hypopnea remains contro-
versial. The AASM’s Clinical Prac-
tice Review Committee criteria for
an hypopnea is a 30% reduction in
effort or airflow lasting for 10 or
more seconds occurring with a 4%
desaturation.96 Many laboratories
however, will also count hypopneas
if the reduced effort or airflow is
accompanied by an arousal from
sleep; some laboratories count such
events separately and call them
RERAs. Therefore, when reviewing
studies from sleep laboratories, it is
helpful to understand their scoring
criteria.

Once a PSG is scored, the fre-
quency of disordered breathing
events is usually quantified by creat-
ing an index. This index may be
referred to in a variety of ways;
however, the most common index
used is the AHI, which is derived by
adding the total number of apneas
plus the total number of hypopneas
and dividing it by the total sleep time
in hours. Other terms used include
the respiratory disturbance index
(RDI), disordered breathing index,
and an oxygen desaturation index.

Because there is variability in ac-
quisition and scoring of PSG, there is
also no consensus on what minimum
AHI constitutes disease. In a 1999
consensus statement, it was sug-
gested that CPAP treatment is indi-
cated for all patients with OSA with
an AHI of �30 events per hour and
for patients with an AHI of 5 to 30 if
companied by symptoms of exces-
sive daytime sleepiness, impaired
cognition, mood disorders, insomnia,
or documented cardiovascular dis-
eases to include hypertension, isch-
emic heart disease, or stroke.94 The
AASM Practice Parameter states that
CPAP treatment is indicated for all
patients with OSA with an AHI of
�15 and for those with an AHI of 5
to 14 if excessive daytime sleepiness
is present.94 The CMS criteria to
provide CPAP is an AHI of �15 or
an AHI of 5 to 14 with documented
symptoms of excessive daytime
sleepiness, impaired cognition, mood
disorders or insomnia, documented

hypertension, ischemic heart disease,
or a history of stroke.23

Studies reviewed within this doc-
ument use varying criteria as well.
The problems with using AHI cri-
teria to define severity include the
variability between sleep laborato-
ries in defining/scoring respiratory
events97,98; the fact that the AHI
does not account for length of
events or event association with
differing degrees of oxygen desatu-
ration; and that AHI does not cor-
relate well with degree of sleepi-
ness or other measures of driving
risk such as number of crashes,99

“Steer Clear” scores,100 tracking
errors, and response time.101 In
contrast, the degree of AHI has
been shown to correlate with the
prevalence of cardiovascular dis-
ease such as hypertension and
stroke.61,102

Portable Monitoring
Portable monitoring, defined as a

sleep study done outside of the sleep
laboratory, can be done with the
same leads that in-laboratory PSG
uses. This type of monitoring, full
unattended PSG in the home, was
performed in the Sleep Heart Health
study, a National Institutes of
Health-sponsored study with more
than 6000 participants. However, the
emphasis for home diagnosis of
sleep apnea has focused on limited
channel monitoring. These monitors
center on the respiratory leads and do
not include the EEG or leg leads.
Some of the considerations for using
limited channel systems include ease
of attachment (must be easy if a
patient is to attach themselves to the
leads), permanence of attachment (so
there is no data loss), likelihood of
technical problems because the study
is unattended, and absence of data on
sleep (unsure about how much of the
night the patient was actually
asleep).

A key difference between PSG
and portable monitors is the calcula-
tion of disordered breathing events.
PSG-derived AHI is divided by the
total sleep time. Portable monitors

deviate from the standard polysom-
nographically defined AHI because
the total sleep time is not able to be
ascertained. Therefore, total record-
ing time is the denominator, which
dilutes the severity, and arousals
from sleep cannot be determined.
Thus, if arousals are used to score
respiratory events, the definition of
hypopnea is changed.

Portable monitoring was first ex-
amined in a systematic way by the
AASM (then known as the American
Sleep Disorders Association). In its
1994 standards of practice,103 the
AASM divided sleep monitoring into
four levels:

• Level 1: attended PSG in the sleep
laboratory setting;

• Level 2: portable PSG outside the
laboratory setting (monitors the
same channels as level 1 but not in
a sleep laboratory);

• Level 3: limited channel PSG (�4
leads, but usually �8); and

• Level 4: one or two channels (usu-
ally oximetry alone or with one
other channel such as airflow).

Level 2 Monitors. These portable
monitors will not be discussed be-
cause they are not commonly used
outside of research studies. In 1998,
a literature review and meta-analysis
was done under the sponsorship of
the Agency for Health Care Quality
and Research.104 This review also
found insufficient data to support the
use of portable monitoring in the
diagnosis of OSA.

Level 3 Monitors. Most recently, a
trisociety committee performed an
evidence review and prepared prac-
tice parameters.105,106 In the evi-
dence review, the level 3 and 4
monitors were grouped by whether
the study was attended by a techni-
cian or unattended (as would likely
occur in the home). The committee
concluded that attended level 3 mon-
itors are acceptable to both rule in
and rule out OSA but with limita-
tions such as: raw data analysis is
recommended, limitation of different
devices must be understood, and pa-
tients with comorbidities must be
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handled with caution. Unattended
level 3 monitors were not recom-
mended to rule in or rule out OSA. A
supplemental literature review later
conducted by the AASM to capture
any studies published through May
2004 (after the literature review) did
not change any of these conclusions.

Level 4 Monitors. The most
widely used level 4 monitoring sys-
tem is oximetry. In the trisociety
documents, it was suggested that
studies used a variety of criteria to
detect sleep-disordered breathing
(SDB), including desaturation indi-
ces at different �SaO2 cutoffs (2–
4%), time spent with a saturation
�90%, and a delta index, which
describes the variability of the oxy-
hemoglobin saturation over the
course of the night.103,104 In addi-
tion, the primary limitation of
oximetry is the devices themselves.
Different oximeters have different
sampling frequencies (range from
0.08 –10 Hz) and algorithms used
to record oxygen saturation. Mem-
ory storage and methods of auto-
mated analysis of the oxygen satu-
ration also vary between
devices.107,108 Because of these
limitations and the fact that there is
limited data for use of oximetry in
the unattended environment, recent
guidelines state that oximetry is not
an acceptable diagnostic modality
for diagnosing or excluding
OSA.105

Summary: Polysomnography
and Portable Monitoring

PSG is the current standard for
making an objective diagnosis of
OSA. The severity of OSA as mea-
sured by a polysomnographically
derived AHI does not correlate well
with measures typically associated
with poor driving. Portable moni-
toring is not yet accepted in the
United States as a surrogate diag-
nostic strategy for OSA, but ongo-
ing efforts will likely result in its
acceptance in the near future for
some patients with utilization of
diagnostic algorithms.

Objective Assessment of
Sleepiness and Performance

Multiple Sleep Latency Test
Objective measures of sleepiness

such as the MSLT attempt to quan-
tify the physiological tendency to fall
asleep. Sleepiness is tightly regulated
by both homeostatic factors (the du-
ration of prior sleep) and circadian
factors (timing of sleep across the
24-hour day). MSLT is based on the
premise that the more sleepy a per-
son is, the faster she or he will fall
asleep and, recognizing the circadian
variation in sleepiness, it measures
latency to sleep at preset intervals
across the day. The test context con-
trols for and removes/reduces alert-
ing factors such as temperature,
noise, ambient light, activity, and
motivation. MSLT can be affected
by physiological factors such as
age,109 –111 circadian rhythm,112

quantity113,114 and/or quality of pre-
vious sleep,115–118 and the use of
medications.119–124 Psychologic fac-
tors such as anxiety, stress,125–127

and depression128,129 can also influ-
ence MSLT.

Although there is no known measur-
able biologic substrate of sleepiness,
MSLT is the de facto standard objec-
tive measure of sleepiness and has face
validity given its robust response to
sleep deprivation and sleep extension
and its sensitivity to disordered sleep
as in sleep apnea. Standardized proto-
cols exist for MSLT in both clinical
and research settings.130,131 There are
very few studies that measure MSLT
in relation to driving. Some simulator
studies101,132,133 show a modest rela-
tionship between MSLT and perfor-
mance, but none address the issue of
fitness to drive.

Maintenance of Wakefulness
Test

MWT measures the ability to stay
awake for a defined period of time
under conditions that promote sleep.
Although both MSLT and MWT are
ostensibly measuring pathologic
sleepiness, it can be argued that the

ability to stay awake is a different
behavioral component of sleepiness
compared with the tendency to fall
asleep, and the former is more im-
portant in certain occupations or con-
ditions (ie, driving). Subjects are
asked to remain awake in a quiet,
darkened room and EEG is continu-
ally monitored for onset of sleep.
Moreover, subjects have been stud-
ied sitting upright in a chair, lying in
bed, or semirecumbent in bed. De-
spite the lack of uniformity in the
literature, the AASM suggests a 40-
minute protocol with the subject sit-
ting upright in bed. Still, the MWT is
susceptible to the same confounding
factors as the MSLT (vide supra).

Because MWT assesses the ability
to remain awake, this test has been
suggested as one of the most impor-
tant in areas of public transportation.
For example, the FAA requires a
normal MWT for pilots to be li-
censed after treatment of sleep ap-
nea. However, when assessing fit-
ness to fly, drive, or operate heavy
equipment, there are no studies that
use MWT. There are a few research
studies that assess MWT in drivers
as a measure of sleepiness. A study
of 10 Finnish bus drivers with mild
OSA (RDI 16 � 9.9) reported a
shorter MWT for untreated drivers
compared with control drivers
(23.2 � 10.2 vs 31.8 � 6.03 min-
utes) and this correlated with eye-
blink duration while driving, a mea-
sure of sleepiness.134 Although both
measures improved with CPAP treat-
ment, this study did not directly ad-
dress the issue of MVCs or fitness to
drive. A case-control study of drivers
involved in MVCs evaluated the role
of sleepiness and sleep-disordered
breathing in these crashes. Sleepi-
ness was assessed both subjectively
(using ESS) and by MWT.135 Crash
drivers demonstrated significantly
more driver (subjective) sleepiness
and a trend for greater objective
sleepiness compared with well-
matched controls. Again, this study
did not specifically address the use
of a particular cutoff level for sleep-
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iness on the MWT as predictive of
crashes or driving ability.

Determining ability to stay awake
at any time on the MWT may have
no relationship to when the subject is
actually driving. Sleepiness can fluc-
tuate hour-to-hour or day-to-day and
can be influenced by multiple fac-
tors, including prior sleep, shift
work, medications, and compliance
with medical treatments (including
CPAP). Therefore, it is not surpris-
ing that the predictive value of a
MWT is poor. Moreover, although
the MWT typically shows a high
sensitivity to acute sleep loss, its
relationship to less severe or chronic
sleep loss may not be predictable.136

Oxford SLEep Resistance Test
MSLT and MWT are labor-inten-

sive and require continuous techni-
cian observation of EEG recording,
making both tests expensive and
cumbersome. The Oxford SLEep Re-
sistance (OSLER) test is a low-cost
alternative designed to reproduce
many of the features of the MWT.
Subjects respond to a light-emitting
diode mounted on the wall which
flashes for 1 second every 3 seconds.
If there is no response after seven
consecutive stimuli, the subject is
deemed to be asleep and the test is
ended. Limited data are available for
this metric. The original study com-
pared OSLER test sleep latency with
MWT latency in 10 patients with
OSA and 10 control subjects on sep-
arate days.137 Two other studies in-
volving 11 sleep disorders center pa-
tients138 and 10 normal subjects
before and after sleep deprivation139

have demonstrated excellent agree-
ment between the two measures and
suggest that the OSLER test could be
an alternative to measuring sleepi-
ness. The main limitation of this test
is its dependence on patient cooper-
ation. In a study of 30 patients with
heart failure receiving adaptive ven-
tilation for treatment of Cheyne-
Stokes respiration,140 improvement
in OSLER test scores followed im-
provement in nighttime sleep. De-
spite these promising results, there

are no large-scale studies using the
OSLER test and none specifically
involving drivers.

Identifying Drivers With Sleep
Apnea Who Are at High Risk
for Crashes

Although the evidence strongly
suggests that drivers with OSA are
at an increased risk of MVCs, the
majority of drivers with OSA are
not involved in crashes. The chal-
lenge is identifying those that are
most likely to be at higher risk.
Studies have not been able to de-
finitively identify those drivers
with OSA who are at highest risk of
crashes.3 A recent small study from
the FMCSA did not find an in-
creased risk among commercial
drivers, but that study was ac-
knowledged to have several limita-
tions, including incomplete data,
self-reporting by participants, and a
majority of the drivers working in
short haul or local settings.141 In
the most comprehensive study of
accidents and CMV drivers to date,
Howard estimated, using both a
screening questionnaire and PSG,
that 50% of the more than 3000
CMV drivers surveyed were at risk
for sleep apnea.1 Scores above 18
on the ESS, scores below 18 on the
FOSQ, time spent driving per
week, interstate and country driv-
ing, narcotic use, antihistamine
use, and younger age were associ-
ated with increased risk of crashes.
Sleepiness increased the risk of
accidents, but neither sleep apnea
diagnosed by PSG nor suspected by
MAP predicted increased risk of
crashes. Teran-Santos found a sig-
nificant relationship between an
AHI of �10 and the risk of motor
vehicle accidents.5 This remained
after adjustment for potential con-
founders such as alcohol consump-
tion, visual-refraction disorders,
BMI, years of driving, age, history
with respect to traffic accidents,
use of medications causing drows-
iness, and sleep schedule. Hypop-
nea for this study was defined as a

“substantial decrease in oronasal
airflow with desaturation (a de-
crease of at least 4% in saturation),
arousal, or both.”

Drivers who have been in previous
sleep-related crashes are at increased
risk of recurrent accidents unless the
risk is lowered through treatment.
Some research suggests that an ele-
vated AHI (�40) may be associated
with a higher risk of crashes,142

whereas others have found no corre-
lation between AHI and driving sim-
ulator tests100,101 or crashes.99 Driv-
ers who snore and report being
sleepy appear to be at an increased
risk of accidents,143 but this would
depend on an accurate reporting of
subjective sleepiness. CDMEs com-
monly report that responses to the
medical examination history ques-
tions often tend to underestimate or
underreport medical conditions.

A literature review of the clinical
use of MSLT and MWT concluded
that sleep latencies were not corre-
lated with crash history for most
groups.131 Drivers with OSA who
had been treated with CPAP did
perform better on both MSLT and
MWT than they did before treatment
and reported better driving perfor-
mance. The AASM’s practice pa-
rameters indicated that a MWT 40-
minute protocol could be used in
addition to clinical history and com-
pliance with treatment to evaluate an
individual’s ability to remain awake
when personal or public safety was
at issue.130

Psychomotor Vigilance Task
The psychomotor vigilance task

(PVT) measures the ability to sustain
attention, thus reflecting the arousal
and attention state of the subject.144

The 10-minute task measures re-
peated response to a small, bright-red
light stimulus (light-emitting diode
digital counter). Stimuli are dis-
played at 2- to 10-second intervals
and an incrementing time counter for
each stimulus is stopped by a press
of a button. The PVT is sensitive to
sleep loss with changes in reaction
time and lapses in performance cor-
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relating with increasing objective
sleepiness.145 Many studies use this
metric to assess performance in a
number of settings, and although
PVT lapses after sleep deprivation
followed the same temporal distribu-
tion as highway crashes,146,147 few
include it as an index of driving
performance. In one of the few stud-
ies to relate PVT to crashes, 60
patients with sleep apnea had both
clinical measures and laboratory per-
formance measures (including PVT)
assessed in an effort to predict motor
vehicle accidents.99 The study found
that neither clinical data (depression,
anxiety, or referred daytime sleepi-
ness) nor markers of disease severity
(AHI time below 90% SaO2 at night
and mean nocturnal SaO2) were re-
lated to the number of accidents.
Patients with a worse reaction time
or a higher reaction fatigue (inverse
of reaction time vs time on PVT)
appeared to have a slightly higher
number of accidents, but differences
did not reach statistical significance.

Driving Simulators
Considerable research has focused

on a variety of impairment measures
in an effort to characterize and quan-
tify impairments as a means to pre-
dict (and thereby prevent) motor ve-
hicle collisions. The use of driving
simulators as a means for measuring
impairment has become popular be-
cause they provide a safe, controlla-
ble, and low-cost environment in
which to assess the effects of sleep-
iness on driving. The literature on
simulators and sleep disorders is rel-
atively large, but the subjects and the
degree of simulator complexity vary
widely from one report to another.

One of the first reports of a “driv-
ing simulator” test in patients with
sleep apnea was the Steer Clear
test.148 This is actually a choice re-
action computer test, which evalu-
ates the subject’s ability to maintain
vigilance. Performance on this test is
typically reduced in studies with
small number of patients with sleep
apnea or narcolepsy,149–151 but the
magnitude of the difference in per-

formance between patients and con-
trols varies quite widely. None of
these reports have shown any corre-
lation between Steer Clear perfor-
mance and accidents.

The Divided Attention Driving
Test (DADT) includes a tracking
task controlled by a steering wheel
and a secondary visual search task.
The tracking task is a variation of the
subcritical tracking task, one of
many psychomotor tasks developed
to study performance and detect im-
pairment due to fatigue, stress, or
drug effects. This task has been
shown to be sensitive to fatigue
among truck drivers due to hours of
work.41 Studies using DADT have
found variably reduced driving per-
formance in patients with sleep ap-
nea101 and/or narcolepsy152 and im-
provements with CPAP therapy.132

The Divided Attention Steering
Simulator (DASS) is similar to DADT
and is based on a tracking task and
visual detection of digits located at the
4 points near the sides of a computer
screen. The software reproduces a
winding road shown as lines on the
screen, and the tasks are to use the
steering wheel to keep the front of the
car in the middle of the road and not to
go over the edge of the road. There are
four studies in patients with OSA153–

156 and one study in normal subjects
using DASS.157

Like with other tests, performance
is worse in patients with OSA than in
controls and improvement is
achieved with CPAP therapy. The
rate of improvement in DASS per-
formance was formally assessed in
one study of CPAP treatment in 18
patients and suggests that safe driv-
ing may be resumed after 7 days of
successful treatment.156 Only one
study showed a very weak correla-
tion with self-reported accidents.155

The most recent study with this in-
strument compared on-road driving
with DASS driving in a small (n �
12) group of normal subjects under
usual and sleep-restricted condi-
tions.157 This is the only study to
suggest that deficits in driving per-
formance are more pronounced in a

simulated environment than on-road,
which may make simulators less use-
ful in predicting real-world driving
performance.

A number of other simulators (of
varying complexity) have been
tested either in patients or normal
subjects under a variety of sleep
conditions (see Table 3). In general,
these tests provide consistent results:
performance is worse under usual or
sleep-deprived conditions, worse af-
ter using drugs or alcohol, and in the
case of sleep apnea, better after treat-
ment with CPAP or surgery (UPPP).
Although these data show a consis-
tent effect of sleepiness on simulated
driving performance, there is still no
good data link with on-road driving.
As such, the clinical use of these
simulators in day-to-day practice is
unproven. A review of the literature
on medical conditions and driving by
the National Highway Traffic Safety
Administration (NHTSA) concluded
that “the results reveal that measures
commonly used to measure disease
severity in sleep apnea are not very
useful in discriminating between in-
dividuals who are likely to perform
poorly on laboratory based measures
putatively related to driving perfor-
mance or who are at risk for crash-
es.”158

Management of Sleep Apnea
in the Commercial Motor
Vehicle Driver

Continuous Positive Airway
Pressure

Since the initial description of na-
sal CPAP therapy as a treatment for
OSA,170 it has become and remains
the mainstay of treatment for patients
with OSA.171 CPAP therapy has
been demonstrated to resolve sleep-
related breathing disorders and im-
prove several clinical outcomes.

CPAP is conventionally delivered
through a nasal mask at a fixed
pressure, typically in the range of 8
to 12 cm H2O, which remains con-
stant throughout the respiratory cy-
cle. This pressure is applied by

S18 Sleep Apnea and Commercial Motor Vehicle Operators • Hartenbaum et al



TABLE 3
Driving Simulator Studies of Performance

Simulator
Test Study Author Patient Type No. of Subjects Therapy Outcome

Steer Clear Findley, 1989148 OSA; controls OSA � 12;
controls � 12

CPAP in 6 patients OSA hit more obstacles
than controls; fewer
obstacles hit on CPAP

Munoz, 2000150 OSA; controls OSA � 80;
controls � 80

CPAP in 74 pa-
tients

OSA hit more obstacles
than controls; fewer
obstacles hit on CPAP

Kingshott,
2000151

OSA OSA � 62 CPAP Fewer obstacles hit on
CPAP

DADT George, 1996101 OSA OSA � 21; None Tracking and reaction
time worse in OSAcontrols � 6

George, 1996152 OSA; narcolepsy OSA � 21;
narcolepsy � 16

None Narcolepsy worse than
OSA on all DADT mea-
sures

George, 1997132 OSA; controls OSA � 17;
controls � 18

CPAP Improvement in tracking
and correct responses
but not reaction time
after CPAP treatment

DASS Hack, 2000153 OSA CPAP � 26;
sham � 33

CPAP, subthera-
peutic CPAP

Improvement in tracking
and reaction time after
active CPAP treatment

Juniper, 2000154 OSA; controls OSA � 12;
controls � 12

None OSA worse on steering,
off-road events and
target response time

Turkington,
2001155

OSA OSA � 150 None Weak association of sim-
ulator off-road events
and previous road traf-
fic accident

Turkington,
2004156

OSA OSA � 36 18 on/off CPAP;
18 untreated;
both repeated
testing over 2
wk

Improvement in simulator
performance by 7 d;
maintained for up to 7
d post-CPAP with-
drawal

Philip, 2005157 Normals Normals � 12 Comparison of
simulator with
on-road, ob-
served driving
after 2 or 8 hrs
sleep

Changes in performance
greater in simulated
environment

STISIM Risser, 2000159 OSA; controls OSA � 15;
controls � 15

None Lane position variability
increases with time in
OSA; correlates with
EEG lapses rather than
overt sleep onset

York Driving
Simulator

Arnedt, 2000160 Normals Normals � 22 Conditions of pro-
longed wakeful-
ness, ethanol, or
both

Prolonged wakefulness
and alcohol consump-
tion produced greater
decrements in perfor-
mance than either
alone

Arnedt, 2001161 Normals Normals � 18 Conditions of pro-
longed wakeful-
ness, ethanol, or
both

Even 3 hrs of extra
wakefulness may im-
pair performance

Arnedt, 2005162 Residents Pediatric residents
� 34

Conditions of pro-
longed wakeful-
ness or ethanol

On-call and BAC 0.05%
had similar effects of
simulated driving

Loughbor-
ough Simu-
lator

Horne, 1996163 Normals Normals � 10 Caffeine vs nap in
sleepy subjects

Caffeine or nap signifi-
cantly reduced driving
impairments

(Continued)
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means of flow through a face mask,
which can be a nasal or oronasal (full
face) mask. CPAP therapy exerts its
beneficial effects by acting as a
pneumatic splint to prevent the upper
airway soft tissue from collapsing. It
does not exert its effects by increas-
ing upper airway muscle activity.172

Compliance remains the most diffi-
cult part of CPAP treatment. Proba-
bly only approximately 50% to 60%
of patients comply with CPAP.173–

175 CPAP use of greater than 6 hours
has been associated with reducing
the ESS score below the normal
value of 10.176,177

Optimal Continuous Positive Air-
way Pressure Setting. The optimal
CPAP settings for home use may be
defined as the minimal pressure re-
quired to resolve all apneas, hypop-
neas, snoring, and arousals related to
these events in all stages of sleep and

in all positions.78,94 Simply stated,
the optimal CPAP setting should re-
solve all SDB in supine rapid eye
movement (REM) sleep to account
for the effects of gravity and changes
in muscle tone that may occur in
different sleep stages and posi-
tions.178 –180 CPAP requirements
vary with airway resistance and tend
to be higher in more obese patients,
in REM sleep, in the supine position,
and after use of alcohol or muscle
relaxants. CPAP historically has
been “titrated” in a sleep laboratory.
A CPAP titration study involves a
mask fitting and subsequent CPAP
adjustment to eliminate respiratory
events. Recently, “autotitrating”
CPAP machines have entered the
market.181 The AASM Practice Pa-
rameters Committee currently rec-
ommends a full night of CPAP titra-
tion to determine the optimal CPAP

pressure setting.78 A repeat CPAP
titration need only be performed if
symptoms of OSA reappear despite
compliance with CPAP therapy or if
a patient sustains a significant weight
loss either through diet or bariatric
surgery.

A split-night sleep study in which
the initial portion of the study is used
to objectively document an individ-
ual’s SDB followed by a CPAP titra-
tion during the second portion of the
night may be indicated for patients
with severe SDB (AHI �40 events
per hour).78 Although split-night
studies are usually adequate to deter-
mine optimal positive airway pres-
sure (PAP), full-night attended PSG
is the preferred approach.171

Although current recommenda-
tions warrant that CPAP titrations
occur during a full overnight in-
laboratory PSG, some data suggest

TABLE 3
(Continued)

Simulator
Test Study Author Patient Type No. of Subjects Therapy Outcome

Reyner, 1997164 Normals Normals � 12 Caffeine � nap in
sleepy subjects

Combined countermea-
sures better than either
alone

Horne, 2003165 Normals Normals � 12 Ethanol or placebo
in rested or
sleep-deprived
conditions

Prolonged wakefulness
and alcohol consump-
tion produced greater
decrements in perfor-
mance than either
alone

Barrett, 2004166 Normals Normals � 20 Ethanol before
2-hr drive,
sleep-deprived
conditions

Alcohol continued to in-
teract with sleepiness-
related driving impair-
ment after BAC
reached zero

Hi-Fidelity
Simulator(s)

Haraldsson,
1990167

OSA; controls OSA � 15; None OSA performance worse
than controls (braking
time, lane position)

controls � 10

Haraldsson,
1991168

OSA; controls OSA � 15; UPPP for OSA 12 of 15 patients im-
proved in all measures
of simulator perfor-
mance after UPPP

controls � 10

Haraldsson,
1995169

OSA; controls OSA � 13; UPPP for OSA Improvements in perfor-
mance sustained 4 yr
after UPPP

controls � 5

The Task Force recommends that the commercial driver medical examiner (CDME) evaluate each driver individually and make a judgment
about his or her fitness for duty based on specific criteria, including those listed in the other tables. These criteria cannot predict every situation
faced by the examiner, and the final judgment belongs to the CDME. Additional testing is optional based on clinical judgment to document
absence of excessive somnolence.

DADT indicates Divided Attention Driving Test; DASS, Divided Attention Steering Simulator; OSA, obstructive sleep apnea; CPAP,
continuous positive airway pressure; UPPP, uvulopalatopharyngoplasty; EEG, electroencephalography.
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that conventional fixed-pressure
CPAP as well as auto-CPAP (APAP)
therapy can be successfully initiated
in an unattended home setting in
patients with uncomplicated
OSAS.182–186 New evidence sug-
gests that arbitrary180 or algorithm-
based CPAP pressures186 can also
effectively treat SDB. Given
AASM’s current recommendations
and the limited amount of data sup-
porting these unattended approaches,
these alternative formats for titrating
CPAP cannot be recommended for
general use at this time.

Additional Modes of Positive
Airway Pressure Delivery

CPAP therapy is difficult for many
patients to tolerate despite its clinical
efficacy. Clinicians, patients, and in-
dustry are continually evaluating bet-
ter methods to make CPAP therapy
more acceptable. The next part of
this review summarizes new ad-
vances in technology related to treat-
ing OSA, specifically focusing on
advances in the delivery of PAP.

Autocontinuous Positive Airway
Pressure. Automatic (also known as
auto-, automated, autoadjusting, or
autotitrating) continuous positive air-
way pressure further advances CPAP
therapy because it has the ability to
detect and respond to changes in
upper airway resistance in real
time.187 Although this technology
may be used to detect and diagnose
patients with OSA, this section fo-
cuses on the literature related to
APAP’s ability to treat patients al-
ready diagnosed with OSA.

APAP noninvasively detects vari-
ations of upper airway obstruction
and airflow limitation, including
snoring, hypopneas, and apneas.
Once upper airway flow limitation
has been detected, the APAP devices
automatically increase the pressure
until the flow limitation has been
resolved. Once a therapeutic pressure
has been achieved, the APAP de-
vices reduce pressure until flow lim-
itation resumes. Most APAP devices
have a therapeutic pressure range

between 3 and 20 cm H2O with the
ability to adjust the upper and lower
pressure limits based on the clinical
conditions.

In a meta-analysis comparing the
effectiveness of APAP versus stan-
dard CPAP with regard to several
clinical parameters and outcomes,181

it was concluded that compared with
standard CPAP, APAP is almost al-
ways associated with a reduction in
mean pressure. Aside from this dif-
ference, APAP and standard CPAP
were similar in objective compli-
ance, their ability to eliminate respi-
ratory events, and their ability to
improve subjective daytime sleepi-
ness in uncomplicated moderate to
severe OSA. Currently available ma-
chines have several limitations, in-
cluding inability to recognize central
apneas and hypoventilation. There-
fore, their use is limited in popula-
tions that may be at risk for these
conditions.

Currently, there is not enough data
to support the use of unattended
APAP titrations to determine a fixed
CPAP setting despite the fact that
several studies demonstrated that
APAP and conventional CPAP ther-
apy result in similar treatment out-
comes. Although it is possible that
APAP therapy may take the place of
the standard in-laboratory CPAP ti-
tration in the not-so-distant future,
these devices cannot be recom-
mended as initial treatment for OSA
in CMV drivers.

Bilevel Positive Pressure Therapy.
Bilevel therapy’s potential benefits
in treating patients with OSA were
first described in 1990.188 As op-
posed to CPAP therapy, which al-
lows a fixed pressure throughout the
respiratory cycle, bilevel therapy al-
lows for the independent adjustment
of the expiratory positive airway
pressure (EPAP) and the inspiratory
positive airway pressure. In its initial
description, bilevel therapy demon-
strated that obstructive events could
be eliminated at a lower EPAP com-
pared with conventional CPAP pres-
sures.188 Although intuitively one
would predict that bilevel therapy

would increase compliance by reduc-
ing unwanted pressure-related side
effects, there is no convincing data to
date that it improves compliance.189

Bilevel therapy remains a viable op-
tion for CPAP-intolerant patients
who have OSA, OSA with concur-
rent respiratory disease, and/or obe-
sity hypoventilation syndrome.171

The role of bilevel therapy in other-
wise uncomplicated OSA remains
unclear.

C-Flex. C-Flex is a relatively new
technology that allows pressure re-
lief during exhalation in an attempt
to make CPAP therapy more com-
fortable. In simple terms, the C-Flex
technology briefly reduces the CPAP
pressure during exhalation before re-
turning the pressure to its baseline
CPAP setting before the initiation of
inspiration. In a nonrandomized
study that followed CPAP-naı̈ve pa-
tients with OSA over a 3-month pe-
riod, C-Flex compliance was greater
by an average of 1.7 hours per night
when compared with conventional
CPAP users.190 Subjective sleepi-
ness and objective outcomes were
otherwise similar between the
groups. Although these results imply
that C-Flex technology may improve
CPAP compliance, further random-
ized, controlled trials (RCTs) will be
necessary to confirm these findings.
Based on the paucity of data cur-
rently available on C-Flex technol-
ogy, no recommendations can be
made regarding its use in clinical
practice.

Effects of Continuous Positive
Airway Pressure

CPAP has been shown to reverse
many of the sequelae of significant
SDB, including mortality,191 auto-
mobile accidents,31,153,192 hyperten-
sion and other cardiovascular sequel-
ae,193–199 diabetic control,200,201

increased healthcare costs,202 and
impaired quality of life.176,203,204

The association among neurocogni-
tive impairment, sleepiness, and de-
pression and their potential improve-
ment and reversibility with CPAP
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treatment is more variable.189 Most
studies documenting improved out-
comes with CPAP treatment have
shown benefit with an intention-to-
treat model. In other words, if the
patient accepts CPAP, benefit occurs
even in the absence of well-docu-
mented compliance. Complications
of CPAP treatment are relatively mi-
nor and include epistaxis, ulcer,
rashes or irritation on the bridge of
the nose, rhinorrhea, chest or sinus
discomfort, claustrophobia, nasal
congestion, and conjunctivitis.

Healthcare costs are reported to be
higher in patients with untreated
OSA syndrome and appear to de-
crease after the introduction of
CPAP therapy.202,205 These savings
are not readily apparent after 6
months of treatment206 and may take
up to 2 years to be realized. The
incremental cost-effectiveness ratio
of nasal CPAP has been reported as
an approximately $7000 quality-
adjusted life-year.207 This cost-
effectiveness is comparable to that of
many routine practices, including the
use of antihypertensive medications.

Daytime Sleepiness. Although not
all patients with OSA have symp-
toms of daytime sleepiness, a review
of placebo-controlled studies shows
that CPAP therapy usually improves
or resolves symptoms of daytime
sleepiness in patients with OSA who
have this complaint.171 The minimal
and optimal amounts of nocturnal
use necessary to improve symptoms
of daytime sleepiness are not well
defined, because even partial noctur-
nal use (as little as 4 hours per night)
has been associated with significant
improvements in daytime symp-
toms.174 Although the minimal
amount of time required on a nightly
basis to improve symptoms of day-
time sleepiness is not well estab-
lished, there is evidence to suggest
that use greater than 6 hours de-
creases ESS values to normal lev-
els.176,177 It has also been suggested
that symptoms of daytime sleepiness
reappear when CPAP therapy is dis-
continued for as little as one night.208

Although most patients with day-
time sleepiness related to OSA will
achieve significant improvements in
symptoms after CPAP therapy has
been instituted, this is not the case
for all patients. There remains an
OSA patient subgroup that continues
to have symptoms of residual day-
time sleepiness despite adequate
compliance with CPAP therapy.209

The actual prevalence of residual
daytime sleepiness in CPAP-compli-
ant patients remains undefined. The
mechanisms responsible for this syn-
drome of residual daytime sleepiness
also remain unclear but may be re-
lated to the oxidative injury effects
of long-term intermittent hypoxemia
on sleep-wake regions in the
brain.210 This raises an important
point in that documenting objective
compliance with CPAP therapy does
not guarantee that a patient with
OSA will be free from symptoms of
daytime sleepiness. Furthermore, in-
dividuals who remain sufficiently
sleepy despite documented adher-
ence to CPAP are typically candi-
dates for modafinil therapy.209 How-
ever, as previously noted, FMCSA
has precluded CMV drivers from
using modafinil.27

Neurocognitive/Psychologic Func-
tioning. Numerous studies have assessed
the effects of SDB on neurocognitive/
psychological functioning.211–213 Al-
tered memory, concentration, and reac-
tion time may occur, but the levels of
cognitive dysfunction vary over a wide
range of performance areas in patients
with different degrees of OSA.

Few studies on the effect of CPAP
treatment for OSA on neurocognitive
function are robust. Prospective stud-
ies evaluating patients with severe
SDB for up to 12 months have dem-
onstrated improvements in neuro-
cognitive function.189 These studies
have demonstrated significant im-
provements in certain parameters of
alertness and concentration, mem-
ory, and vigilance189 as well as reac-
tion time.214

Several small randomized, place-
bo-controlled trials have evaluated
the effect of CPAP therapy on the

reversibility of neurocognitive defi-
cits in patients with a broader spec-
trum of OSA severity.189 Compared
with the oral placebo arms of these
studies, at least 1 month of CPAP
therapy was required to see trends or
significant improvements in various
parameters of cognitive performance
scores.215–218 Studies looking at 3
weeks or less of therapy did not
show evidence of neurocognitive im-
provements.219,220 Although there
were several statistically significant
improvements with CPAP therapy,
the effect size of these changes was
relatively small. This finding may be
secondary to a significant proportion
of the study patients having rela-
tively mild sleep apnea. Another pos-
sible explanation is that 1 month of
CPAP therapy may be insufficient to
reverse changes having accumulated
over long periods of time (months to
years). Also, the mean nocturnal
CPAP use in these studies was only
3.3 hours per night, which is well
below the typical average of 4.5
hours per night. Finally, it is possible
that some of the cognitive deficits
seen in patients with OSAS are irre-
versible, possibly related to repeated
episodes of nocturnal hypox-
emia.210,221

Further research is required to bet-
ter define the mechanisms responsi-
ble for the neurocognitive deficits
observed in some patients with OSA
and to clarify the potential reversibil-
ity of these deficits. As is the case
with daytime sleepiness, in those pa-
tients with OSA who have neurocog-
nitive changes, objective compliance
with CPAP therapy does not neces-
sarily guarantee improvement or
complete reversibility of these neu-
rocognitive deficits.

Driving Risk (Crashes) in the
‘Real World.’ Very limited data exist
on the risk of MVCs in patients who
are started on nasal CPAP. In a
self-report questionnaire, individuals
reported fewer traffic accidents in
the year after being started on CPAP
as opposed to the year prior.222 Sub-
sequently, in a prospective cohort
study of patients with known OSA
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treated with PAP therapy, the risk of
MVCs decreased to that of individu-
als without a sleep disorder in the 3
years after the initiation of treat-
ment.3 These data are supported by
the improved performance on driv-
ing simulator tasks noted on several
studies.148,153,156

Timeline to Benefit. There is no
consensus on the time to improve-
ment in performance parameters in
patients who are treated with CPAP.
This is due mostly to the paucity of
RCTs looking at the specific ques-
tion of time to improvement in per-
formance as an outcome. For exam-
ple, driving performance on a
simulator task has been reported to
improve within 3 days of starting
CPAP therapy,156,223 but a look at a
randomized, placebo-controlled trial
showed driving performance was im-
proved at 1 month.153 Similarly, a
recent placebo-controlled trial
showed that sleepiness as measured
by ESS improved after 3 weeks of
treatment.221 Lastly, vigilance as-
pects of cognitive functioning seem
to require 6 weeks to recover.88 Pla-
cebo-controlled trials of CPAP treat-
ment for lesser duration did not show
a significant effect on cognitive
function.219,224 Overall, it appears
that 1 month of modest amounts of
adherence to CPAP therapy is asso-
ciated with improvements in sleepi-
ness, driving simulator tasks, and
vigilance performance.

Importance of Compliance and
How to Measure. Although CPAP is
considered highly effective, there is
evidence that approximately half the
patients prescribed CPAP treatment
fail to use it as prescribed, ie,
throughout the night, every night.225

Of patients initially offered CPAP,
5% to 50% refuse it with another
12% to 25% abandoning this therapy
within 3 years.226 Using a definition
of nonadherence commonly used in
the literature of use less than 4 hours
and applied less than 70% of the
nights, 21% to 46% of patients
would be nonadherent by 3
months.226 The longer the nightly
duration of CPAP use, the greater the

likelihood of achieving normal func-
tioning with the best outcomes ob-
tained with use of 7 or more hours
per night.176,177 Consistency of use
is equally as important as the nightly
duration. Indeed, those patients who
skip nights of treatment also have
shorter duration of nightly use, aver-
aging 5 hours of use.225,227 Although
some evidence suggests that failure
to use CPAP for even 1 night of
treatment returns the individual to
pretreatment levels of sleep apnea
severity,208,228,229 other evidence
suggests that CPAP has beneficial
effect beyond its period of use.230,231

The pattern of use is established
early, within the first week of treat-
ment.225,230 Thus, it is critical to
assess CPAP adherence early in the
treatment regimen with periodic
checks to assure maintenance of the
therapy.

Patient reports of their application
of CPAP treatment have been shown
to be unreliable and generally ap-
proximately 1 hour less than actual
use.200,227 Meters that record the
time the CPAP machine is on are
available in most devices but are
unable to differentiate between when
the mask, the primary pressure deliv-
ery interface, is applied versus the
time the machine is turned on but the
mask is off. More sophisticated
CPAP machines have embedded
technology to differentiate ma-
chine-on from mask-on time. Thus,
the practitioner is able to obtain valid
and reliable data regarding the actual
time prescribed pressure is applied.
Using this technology, it has been
determined that there is a 10% dif-
ference between the time the ma-
chine is turned on versus the length
of time the mask was applied.

There have been considerable ad-
vances in the ease in obtaining data
regarding CPAP use. Adherence data
can be obtained and transmitted to
the provider’s office through a smart
card, modem, or wireless upload to a
web site. Most manufacturers have
developed software to accompany
these utilities that can construct pro-
vider-specific reports including

graphic displays, nightly device ap-
plication over a set period of time,
mean use, and number of days with a
specific pattern of use, eg, how many
days per week CPAP was used with
an explicit duration of use. These
advances in data generation and
transmission should enable the pro-
vider to monitor CPAP use routinely
and to intervene immediately when
there is a detrimental change in the
pattern.

There remains no clear under-
standing of why patients abandon
treatment so early in the treatment
regimen. Several factors have been
explored with mixed results, includ-
ing demographic characteristics, dis-
ease severity, technologic interface,
and psychologic factors.227 There is
a weak relationship between CPAP
use and disease severity.227 How-
ever, there is stronger evidence asso-
ciating an ESS of �10 and moderate
to severe OSA with long-term use.
Although recent parameters recom-
mend the addition of heated humidi-
fication of inspired air,171 two sub-
sequent RCTs did not find evidence
for improved adherence with routine
use of heated humidification.232,233

Utilization of flexible pressure de-
vices remains controversial, but one
study demonstrated improved appli-
cation of PAP when such a device
was used.190 Recent evidence also
suggests that psychologic factors, in-
cluding claustrophobic tenden-
cies,234 active problem-solving,235

and belief in self-efficacy,236 affect
confidence in the ability to engage in
CPAP treatment and overcome ob-
stacles to use.

The lack of clearly identified risk
factors for nonadherence makes it
difficult to develop interventions to
promote adherence. Studies that have
demonstrated statistically robust im-
provement in adherence have used
intensive support, including several
days of hospitalization, close follow
up, and home visits,237 altering con-
fidence in the ability to apply the
treatment by goal setting and imme-
diate follow up to troubleshoot prob-
lems.238 However, these studies have
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not been replicated and may incur
considerable cost if used in routine
practice. Therefore, additional re-
search is needed to provide a better
understanding of how the initial ex-
perience with CPAP affects adher-
ence as well as practical interven-
tions to promote its use.

Oral Appliances
Oral appliances are frequently

considered as treatment options for
patients with snoring and OSA.
These devices are inserted into the
mouth and are anchored by the teeth
or the tongue in an effort to increase
airway size and airway muscle tone.
Two major types of appliances are
currently in use: mandibular reposi-
tioning appliances (MRAs) and
tongue repositioners. MRAs position
the mandible to a forward and
slightly opened position. Many of
these devices have the option for
adjustment of the degree of mandib-
ular advancement. By contrast,
tongue repositioning devices have an
anterior plastic bulb. Negative suc-
tion pressure is used to hold the
tongue inside the bulb in an anterior
position. There are little scientific
data available on this device.

A recent AASM review and prac-
tice parameter recommends that oral
appliances be used for patients with
simple snoring or mild to moderate
OSA.239 In trials comparing treat-
ment with an oral appliance to CPAP
therapy, CPAP therapy was more
effective in reducing snoring and im-
proving oxygenation,240–242 and de-
creasing AHI.90,240–243 Oral appli-
ances and CPAP treatments were
noted to be equally effective in re-
ducing subjective sleepiness in most
of these studies.90,241 Although the
majority of subjects favored the
MRAs,240–242 preference for CPAP
was noted in one study in patients
with a higher BMI and greater day-
time impairment.90 One study has
shown a reduction in blood pressure
with use of a mandibular advance-
ment splint.244 Nonetheless, the effi-
cacy of oral appliances are well stud-

ied245 and appear to be more
effective than surgery for OSA.246

Unfortunately, no objective compli-
ance monitors are presently available
for oral appliances. Self-reports have
been used and appear to be equivalent
across therapies.4,5 However, now that
objective monitors for CPAP are
widely available, the biases of self-
reporting will be unequally distributed
across these treatment arms.

Patients who use oral appliances
often report excessive salivation and
temporomandibular joint discomfort
after awakening. The MRAs may
also damage the teeth, cause occlusal
changes, and affect the temporoman-
dibular joint due to mechanical
stress.247 Advancement of the oral
appliance to an optimal position to
relieve SDB may take some time. A
team approach among sleep special-
ists, dentists, and oral surgeons is
often required. Anterior adjustment
of the mandibular repositioning is
done initially by symptoms and ulti-
mately is guided by repeat PSG. In
the future, overnight titrations of
these devices may decrease the time
to optimal benefit.248,249

Surgical Treatment of Sleep
Apnea

A variety of surgical approaches
have been applied to SDB. The goal
of these surgical treatments is to
bypass the site of upper airway ob-
struction either by increasing airway
caliber or by decreasing the collaps-
ibility of the airway.250

Identifying the site of anatomic
airway obstruction is an important
step when considering possible sur-
gical intervention for SDB.251,252

Obstruction in the nasal passages due
to conditions such as polyps or a
deviated septum has been associated
with the occurrence of apneas and
hypopneas.253–256 However, surgery
to correct obstruction in the nasal
passages has not been shown to re-
duce AHI.257,258 Nonetheless, signif-
icant nasal obstruction may hinder
attempts at nasal CPAP therapy.
Therefore, aggressive treatment of

nasal obstruction may need to be
considered.

Tonsillectomy alone should be re-
served for a small subset of patients
with isolated tonsillar hypertro-
phy.259 In persons with retropalatal
collapse or obstruction, UPPP with
or without tonsillectomy is the most
commonly performed and best stud-
ied of the surgical procedures used to
treat sleep apnea. Surgical success is
often defined by some ratio of pre-
operative to postoperative RDI plus a
postoperative RDI or AHI of �10 to
20 events per hour of sleep. Using
this type of definition, UPPP has a
success rate of approximately 50%
and appears to be even less effective
in more obese patients who tend to
have more severe apnea260 with re-
lapse occurring in as many as half.

Other treatments for retropalatal
obstruction include laser-assisted
uvulopalatopharyngoplasty (LAUP),
radiofrequency volumetric tissue re-
duction (RFVTR), the Pillar Proce-
dure, and coblation therapy. None of
these has a better success rate than
UPPP, and there are very few long-
term results or data about complica-
tions available. In fact, LAUP has
been associated with an acute exac-
erbation of SDB,261 and RFVTR
(also known as somnoplasty) is often
associated with relapse.262 The other
two procedures have minimal long-
term data to support their use.19,263

For severe OSA and for cases with
craniofacial dysmorphism not ame-
nable to CPAP, maxillofacial surgery
may be a suitable alternative. This
group of procedures includes maxil-
lary, mandibular, or hyoid advance-
ment in carefully preselected pa-
tients.264 These procedures are
designed to advance the ventral wall
of the pharynx. Success rates can be
very high, but there are no controlled
trials and it is unclear which patients
are suited to this approach.250

Tracheostomy is the only surgical
procedure that is consistently effec-
tive even when performed alone, ie,
without other surgical procedures,265

and, as such, could be considered the
“gold standard.” The goal with this
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procedure is to create an artificial
area distal to all areas of obstruction
and bypass all areas of collapse.
However, tracheostomy is rarely the
first surgical option pursued due to
its disfiguring nature.250 Several
studies indicate that it is useful for
severe cases of OSA when nasal
CPAP therapy cannot be
used.260,266–269

Given that body weight, fat skin
folds, and BMI are predictive of the
degree of OSA,270 it is not surprising
that there is significant interest in
bariatric surgery as a possible treat-
ment for this condition. Overall,
perioperative morbidity and mortal-
ity are substantial and higher in
men.271 In one small study of con-
secutive patients undergoing gastric
bypass surgery, bariatric procedures
were associated with a significant
reduction in subjective sleepiness
and AHI.272 However, on average,
the residual indices of SDB remain
in the moderate range and may re-
lapse over time.273

Effects of Surgery
A 2002 study found that approxi-

mately one third of patients who
received either UPPP or diet treat-
ment for sleep apnea were cured, but
that any treatment—including sur-
gery, diet, or CPAP—improved mor-
tality rates compared with the non-
treated group.274 Notably, the control
group was composed largely of those
who refused treatment, and such re-
fusal may in itself be a marker of
poor health outcomes. In patients
who undergo tracheostomy, sleepi-
ness resolves in 82% and hyperten-
sion resolves in 40%.260 Critical gen-
eral health outcome measures for all
types of surgical treatments of
SDB—such as quality of life, blood
pressure, and healthcare costs—have
been inadequately investigat-
ed.260,275

Vigilance/Performance/Driving
In general, outcome data on auto-

mobile accidents, vigilance, and cog-
nitive performance in patients who
undergo surgical treatment for OSA

are lacking and must be extrapolated
from studies done in nonoccupa-
tional settings.260,275 Even among
these studies, the lack of RCTs
means that the benefit from most
surgical approaches is only theoreti-
cal or experimental. Furthermore, re-
ports in the surgical literature define
a successful outcome as a proportion
reflecting the reduction of SDB (eg,
reducing AHI by 50%). Such a def-
inition of outcome is clearly inade-
quate for many patients, because it
still leaves them with clinically im-
portant sleep apnea. Surgery cannot
be recommended for the vast major-
ity of patients with OSA given its
lack of long-term efficacy.

Weight Loss
Obesity is an important risk factor

for OSA.276 Approximately 70% of
patients with OSA are obese.277

Conversely, the risk of OSA is in-
creased more than 10-fold in obese
individuals compared with the gen-
eral population.277 There is a signif-
icant correlation between a BMI of
�30 m/kg2 and AHI.278 It has been
well established that weight gain is
positively correlated with the devel-
opment of moderate to severe OSA
independent of baseline BMI.279–283

In the Wisconsin Sleep Cohort
Study, a 10% weight gain was asso-
ciated with a sixfold increase in the
odds of being newly classified as
having an AHI �15 events per
hour.281 This phenomenon has been
shown to be strongest in men.278,280

Weight loss has been shown to
reduce the amount of SDB.284–288

Unfortunately, it appears that the ef-
fect of weight loss on decreasing
AHI is not as dramatic as the effect
of weight gain on increasing AHI.280

Nonetheless, individuals who lose
weight starting from extremes of
BMI can have significant reductions
in SDB.272,284,288 However, the po-
tential effect that SDB has on weight
gain remains unanswered.280

Practical Considerations
For recommendations to have

practical applicability, “stakeholder”

acceptance is important, particularly
among CMV drivers and their em-
ployers. For employers, testing and
treatment expense, delays in evalua-
tion and treatment, competing busi-
ness priorities, driver shortages, and
inconsistent CDME examination
standards are concerns. For many
drivers, the lack of health insurance
is perhaps the most significant bar-
rier to receiving testing and treat-
ment for sleep disorders. However,
some sleep centers and national
home care companies are able to
access indigent funding sources to
enable drivers to be tested and
treated. A driver without a medical
certificate is “out of work” and often
receives no disability insurance ben-
efits.

Drivers’ acceptance of medical
qualification is further complicated
by their limited awareness and/or
acceptance of sleep disorder symp-
toms. Driver education is available
for fatigue prevention and manage-
ment and is an important part of
gaining “stakeholder acceptance.”
FMCSA and NSF provide training
materials for drivers and employers
on sleep apnea and staying alert
while driving.

Despite well-documented access
limitations, public safety requires
CMV drivers to have rapid access to
sleep evaluation and treatment. Un-
fortunately, this is not consistently
true at present. Sleep medicine pro-
fessionals must develop ways to
streamline the care of CMV drivers
with sleep apnea for any approach to
this problem to be successful. Fur-
thermore, sleep specialists must un-
derstand the safety implications for
CMV drivers whose other medical
conditions put them and others on
the road in danger. For many other
medical conditions, the decision
point is whether the driver is at
higher risk than the general public
for a motor vehicle crash. Follow up
and continued evaluation of compli-
ance by the sleep specialist is impor-
tant because the driver is only eval-
uated by the CDME when his or her
medical certificate expires, generally
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every 1 to 2 years. This integrated
care could be facilitated by forming
relationships between CDMEs and
sleep medicine specialists to promote
bidirectional understanding of public
health issues involved with driver
medical certification as well as facil-
itate appropriate access to consulta-
tive evaluation, testing, and follow
up of commercial drivers.

Research Questions
The Task Force recognizes that

there are many additional questions
to be answered before the ideal
method to properly identify those
CMV drivers who are most likely to
be involved in a MVC contributed
to by their sleep apnea. Revisions to
these recommendations may still be
indicated as additional research is
conducted on how to best ensure that
treatment for OSA is and continues
to be adequate to reduce the risk of a
MVC. Key research that needs to be
conducted includes:

1. Correlating screening tests with
functional outcomes such as
crashes, cardiovascular morbid-
ity, and mortality;

2. Comparing screening algorithms,
oximetry, and portable monitor-
ing to each other with regard to
predicting crashes;

3. Incorporating ethnic, gender, and
age-related factors into screening
and prediction models;

4. Gaining a better understanding of
individual or other factors that
predict which drivers with OSA
will crash; and

5. Assessing factors related to CPAP
use (nightly duration and time to
benefit) that predict reduction in
crashes.

In addition, given that the current
published data are limited in scope
and in level of experimental design,
prospective data of better design are
needed to link the recommendations
for CDME assessments for sleep ap-
nea risk to subsequent driver behav-
ior and safety records.

In the course of producing this
review, the Task Force also encoun-

tered the need to assess interactions
among the CDME, the driver, a sleep
assessment facility, and the trucking
company. What communication
skills and processes are needed in the
interim between license renewals
should be an area of focus. Best
practice research might address how
such communications can be done in
the best interest of both the driver
and public safety.

• Evaluate the cost of screening and
subsequent management needs
arising from driver assessments
initiated by the CDME. Because
sleep apnea is rather common, but
medical recognition rather low,
questions arose regarding medical
costs to drivers and medical liabil-
ity for sleep center referrals arising
from a CDME administrative re-
ferral for testing and/or treatment.
These policy issues are beyond the
scope of this review.

• Encourage further research that
addresses the issue of driver hon-
esty regarding symptoms that may
result in his or her being taken out
of service by a CDME. In partic-
ular, what is the frequency of this
problem? What attitudes and/or
education regarding sleepiness and
motor vehicle accidents influence
this decision? Does an ongoing
relationship with a CDME make a
difference? Does driver (dis)hon-
esty have an impact on outcomes
such as crashes?

• An assessment of outcomes, in-
cluding treatment modalities used,
adherence, as well as days worked
and number of crashes should be
performed.

Recommendation Statements
Regarding Evaluation and
Fitness for Duty for
Commercial Drivers With
Sleep Apnea

Screening
The current examination form asks

the CMV driver to respond to ques-
tions about sleep disorders, pauses in
breathing while asleep, daytime
sleepiness, and loud snoring.

CDMEs should, for clarification pur-
poses, also inquire whether the driver
has ever been told by any healthcare
provider that he or she has sleep
apnea, should be evaluated for sleep
apnea, or has any other sleep disor-
ders. Drivers should also be ques-
tioned about their history of MVCs,
and the CDME should attempt to
assess whether the crashes might
have been related to sleepiness
and/or a sleep disorder. One of the
highest correlations for a future sleep
fatigue-related crash is a history of a
sleep/fatigue-related near miss or
crash. The presence of these symp-
toms should prompt an evaluation
for sleep apnea and/or other sleep
disorders whether or not the CMV
driver is overweight or obese.

In addition, as part of the history,
considering the relationship between
hypertension and OSA, CDMEs
need to review with the driver
whether he or she has a diagnosis of
hypertension, and if so, if it has been
difficult to manage and requires two
or more medications to control. Ob-
jective assessments through the
physical examination should also in-
clude a calculation of the driver’s
BMI (height and weight is already
included on the examination form).

Examination of the upper airway
should assess whether there is ob-
struction due to enlarged tonsils or
uvula or whether the uvula is absent
(evidence of an uvulopalatoplasty).
Neck circumference should also be
measured.

Inappropriate sleepiness during
normal waking hours should be de-
termined through a general question
about wake-time alertness as well as
by asking about excessive sleepiness
during activities that are usually as-
sociated with vigilance such as talk-
ing to others. CDMEs should also
note whether the driver falls asleep
in either the waiting area or the
examination room. Some self-report
questionnaires might be useful such
as ESS or FOSQ, depending on his-
tory and physical examination. If
abnormal, both ESS and FOSQ have
been shown to be related to an in-
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creased risk of crashes in CMV driv-
ers, although this finding occurred
outside the context of fitness-for-
duty examination. FOSQ is the only
measurement that has been shown to
correlate with effectiveness of treat-
ment. However, it may be less valu-
able in the CMV driver population
because it relies significantly on sub-
jective reporting.

The decision the CDME must
make at this point is whether the
driver is at sufficient enough risk of
OSA to have his or her medical
certification withheld or limited.

Out-of-Service Pending Evalua-
tion. The driver should have his or
her medical certification withheld
pending an evaluation for a sleep
disorder if any one of the following
major criteria are met:

1. If the driver provides a history of
excessive sleepiness, unexplained
observed sleepiness on examina-
tion, a history of a sleep/fatigue

related MVC (if not treated since
crash), or has an ESS of �16 or
an FOSQ of �18; or

2. A previous diagnosis of OSA
with no recent evaluation or a
history of noncompliance with
treatment as well as any surgical
approach without objective fol-
low up.

In-Service With Evaluation. The
driver should have an evaluation for
a sleep disorder if any one of the
following major criteria are met:

1. A sleep history suggestive of
OSA, snoring, excessive day-
time somnolence, or witnessed
apneas; or

2. Two or more of the following:
a. BMI �35 kg/m2;
b. Hypertension (new, uncon-

trolled, or unable to be con-
trolled on less than 2 med-
ications);

c. A neck circumference of
�16 inches in a woman or
�17 inches in men;

d. ESS score �10;
e. A history of a previously

diagnosed sleep disorder
with no recent evaluation;
or

f. AHI �5 but �30 on a prior
sleep study or PSG and
does not meet any of the
previously mentioned crite-
ria.

If the driver meets any of the
in-service with evaluation (ISE) cri-
teria, he or she could be certified for
no longer than 3 months pending
evaluation for OSA.

A BMI cutoff of 35 kg/m2 was
chosen instead of 30 kg/m2 to maxi-
mize the specificity. It was believed
that use of a lower cutoff such as a
BMI of 30 kg/m2, which defines
obesity, could result in the need for a

TABLE 4
Screening Recommendation for Commercial Drivers With Possible or Probable Sleep Apnea

Medically Qualified to Drive
Commercial Vehicles If

Driver Meets Either of the
Following

In-Service Evaluation (ISE) Recommended
If Driver Falls Into Any One of the

Following Five Major Categories (3 mo
maximum certification)

Out-of-Service Immediate Evaluation
Recommended If Driver Meets Any

One of the Following Factors

1. No positive findings or any
of the numbered in-service
evaluation factors

1. Sleep history suggestive of OSA (snoring,
excessive daytime sleepiness, witnessed
apneas)

1. Observed unexplained excessive
daytime sleepiness (sleeping in ex-
amination or waiting room) or con-
fessed excessive sleepiness

2. Diagnosis of OSA with
CPAP compliance docu-
mented

2. Two or more of the following: 2. Motor vehicle accident (run off road,
at-fault, rear-end collision) likely re-
lated to sleep disturbance, unless
evaluated for sleep disorder in the
interim

a) BMI �35 kg/m2;
b) Neck circumference greater than 17

inches in men, 16 inches in women;
c) Hypertension (new, uncontrolled, or un-

able to control with less than 2 medica-
tions).

3. ESS �10 3. ESS �16 or FOSQ �18
4. Previously diagnosed sleep disorder; 4. Previously diagnosed sleep disorder:

compliance claimed, but no recent medi-
cal visits/compliance data available for
immediate review (must be reviewed
within 3-mo period); if found not to be
compliant, should be removed from ser-
vice (includes surgical treatment)

d) Noncompliant (CPAP treatment
not tolerated);

e) No recent follow up (within recom-
mended time frame);

f) Any surgical approach with no ob-
jective follow up.

5. AHI �5 but �30 in a prior sleep study or
polysomnogram and no excessive daytime
somnolence (ESS �11), no motor vehicle
accidents, no hypertension requiring 2 or
more agents to control

5. AHI �30

AHI indicates apnea-hypopnea index; BMI, body mass index; CPAP, continuous positive airway pressure; ESS, Epworth Sleepiness Scale;
FOSQ, Functional Outcomes of Sleep Questionnaire; OSA, obstructive sleep apnea.
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majority of truck drivers to be eval-
uated for sleep apnea despite the fact
that the majority do not have this
condition.

Abnormal upper airway exami-
nation, FOSQ, MAP, or ESS may
cause the CDME to only certify for
up to 3 months pending evaluation
or to remove the driver from ser-
vice pending evaluation. If the
sleep specialist finds that the driver
has an AHI �30, he or she should
be removed from service, treated
expeditiously, and returned to work
as per the recommendation stated
subsequently.

Recertification. For recertification,
the driver should have no positive
finding or numbered ISE criteria un-
less previously evaluated and ad-
dressed.

Diagnosis
Diagnosis should be made by a

physician and confirmed by PSG
preferably in an accredited sleep lab-
oratory or by a certified sleep spe-
cialist. A full-night study should be
done unless a split-night study is
indicated (severe OSA identified af-
ter at least 2 hours of sleep).

Treatment
Drivers who must be treated for

sleep apnea before returning to work
as a CMV operator are those with an
AHI �30 or an AHI �5 to 30 with:
1) difficult to manage hypertension
(requiring two or more medications),
2) excessive sleepiness, or 3) a MVC
due to fatigue or sleepiness. First-
line treatment for CMV drivers with
OSA should be PAP. All CMV driv-

ers on PAP must use a machine that
is able to measure time on pressure.
Data indicates that vigilance im-
proves linearly with hours of CPAP
use. A minimum acceptable average
use of CPAP is 4 hours within a
24-hour period, but drivers should be
advised that longer treatment would
be more beneficial.176,177 AHI dur-
ing titration should be less than 5, but
no greater than 10, for the driver to
be considered able to return to duty.
Treatment should be started as soon
as possible to minimize time off
work or risk while operating a CMV.
Follow up by a sleep specialist
should be done after 2 to 4 weeks of
treatment.

Oral appliances should not be con-
sidered as first-line treatment as
compliance cannot be monitored.

TABLE 5.
Recommendation Regarding the Evaluation for Fitness-for-Duty for Commercial Drivers With Possible or Probable Sleep
Apnea

Category Recommendation

Diagnosis 1. Diagnosis should be determined by a physician and confirmed by polysomnography,
preferably in an accredited sleep laboratory or by a certified sleep specialist

2. A full-night study should be done unless a split-night study is indicated (severe OSA iden-
tified after at least 2 hours of sleep)

Treatment 1. First-line treatment for CMV drivers with OSA should be delivered by positive airway
pressure (CPAP, Bilevel PAP)

2. All CMV drivers on PAP must use a machine that is able to measure time on pressure
3. A minimum acceptable average use of CPAP is 4 hours within a 24-hour period, but driv-

ers should be advised that longer treatment would be more beneficial
4. Treatment should be started as soon as possible but within 2 weeks of the sleep study
5. Follow up by a sleep specialist should be done after 2-4 weeks of treatment

Return to work after treat-
ment

1. After approximately 1 week of treatment, contact between the patient and personnel from
the durable medical equipment supplier, treating provider, or sleep specialist

Treatment with PAP 2. AHI �5 documented with CPAP at initial titration (full night or split night) or after surgery
or with use of oral appliance; AHI �10 depending on clinical findings

3. Query driver about mask fit and compliance and remind to bring card (if used) or machine
to next session

4. At a minimum of 2 weeks after initiating therapy, but within 4 weeks, the driver should be
reevaluated by the sleep specialist and compliance and blood pressure assessed

5. If driver is compliant and blood pressure is improving (must meet FMCSA criteria), the
driver can return to work but should be certified for no longer than 3 months

Return to work after treat-
ment

1. Oral appliances should only be used as a primary therapy if AHI �30

Treatment with oral appli-
ances

2. Before returning to service, must have follow-up sleep study demonstrating AHI ideally
�5, but �10 while wearing oral appliance

3. All reported symptoms of sleepiness must be resolved and blood pressure must be con-
trolled or improving (must meet FMCSA criteria)

Return to work after treat-
ment

Follow-up sleep study—AHI ideally �5 but �10 required to document efficacy

Treatment with surgery or
weight loss

AHI indicates apnea–hypopnea index; CPAP, continuous positive airway pressure; FMCSA, Federal Motor Carrier Safety Administration;
PAP, positive airway pressure; OSA, obstructive sleep apnea; CMV, commercial motor vehicle.
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They could be used if AHI is �30,
but before resuming commercial
driving, the CMV operator must
have a follow-up sleep study. AHI
should be �5, although it could be
up to 10 depending on clinical find-
ings demonstrated while wearing the
appliance. Any reported symptoms
of sleepiness must be resolved. Up-
per airway surgery (UPPP, and so
on) in the majority of cases is not as
effective as sole treatment for OSA.
If surgery is done, a follow-up sleep
study is required to document effi-
cacy. AHI should be �5, although it
could be up to 10 depending on
clinical findings. Weight loss or bari-
atric surgery may decrease the sever-
ity of OSA, but again, documenta-
tion of improvement with a sleep
study is needed.

Compliance and Efficacy
Because there is currently no ob-

jective method that reliably measures
efficacy, the best determination of
effective treatment is demonstration
of compliance. Examiners should use
clinical judgment based on improve-
ment on individualized metrics to
evaluate effective treatment. Repeat
objective testing can be done but is
not clinically indicated. Literature
shows that FOSQ can be correlated
with efficacy and decreased accident
risk.

Return to Work After Removal
From Service to Obstructive
Sleep Apnea

Close coordination among the
sleep specialist, CDME, and other
healthcare professionals is essential
to ensure rapid evaluation and treat-
ment in CMV drivers. The longer
evaluation and treatment is delayed,
the longer the driver will be out of
work or at risk of accidents. If driv-
ers know that they will be out of
work for a prolonged period of time,
the risk of denying symptoms or
avoiding evaluation and treatment
will increase. Once a driver is diag-
nosed with OSA and the appropriate
pressure to be used determined (or

autotitrating machine to be used), the
equipment should be provided as
rapidly as possible. AHI ideally
should be �5, but could be up to 10
depending on clinical findings docu-
mented with CPAP at initial titration
(full night or split night) or after
surgery or with use of oral appliance.
After approximately 1 week of treat-
ment, there should be contact be-
tween the patient and personnel from
either the CDME or sleep specialist.
Drivers should be queried on fit
compliance and reminded to bring
the card (if used) or machine to their
next appointment so that compliance
can be assessed. At a minimum of 2
weeks, but within 4 weeks, the driver
should be reevaluated by the sleep
specialist and compliance and blood
pressure assessed. At that point, the
driver can return to work but should
be certified for no longer than 3
months at which time compliance
should again be evaluated. This is
essential to ensure that the driver is
compliant with treatment while on a
normal work schedule.

Follow Up
Drivers with OSA should be certi-

fied annually. Annual evaluation by
a sleep specialist and assessment of
compliance must be done for all
OSA drivers, including for those
who have had either upper airway
surgery or weight reduction surgery.
Retesting may not be required if
sleep apnea is adequately controlled
using both adherence data and sub-
jective reports. Documentation must
be provided to the CDME for review.

Conclusion
It is recommended that the CDME

evaluate each driver individually and
make a judgment about fitness for
duty based on these criteria. These
criteria cannot predict every situation
faced by the examiner, and the final
judgment belongs to the CDME. Ad-
ditional testing to document absence
of excessive somnolence is optional
based on the CDME’s clinical judg-
ment (see Tables 4 and 5 for screen-

ing and fitness-for-duty recommen-
dations).
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