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Improving patient care
through the use of

wireless PSG devices
in the hospital.
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BY PRASANTH MANTHENA, MD

Wireless technology is now being recognized as an opportunity
to expand the reach of a sleep laboratory, thereby enhancing clinical services. This may
involve using wireless acquisition devices to transmit data from a patient room to the tech-
nologist workstation or transferring data from remote testing sites to the sleep laboratory
via a wireless connection. Historically, the challenge had been that the size of polysomno-
graphic (PSG) data files made the signal more difficult to transmit than voice or even image
files. Early attempts involved adding an off-the-shelf wireless card and receiver to a stan-
dard PSG system, which did little to address some of the underlying challenges of data
interruptions. The devices were large and heavy, making them difficult to transport. Their
exorbitant energy requirements meant either they had to be plugged into a wall or fitted
with multiple large batteries in order to obtain sufficient power for a full PSG.
Consequently, many early advocates were left doubting whether innovations being appre-
ciated in other fields of medicine would ever make their way to the sleep world.

These days, systems are better designed with redundant storage options and more
refined signal transmission mechanisms. With some appreciation of the limitations, such
as how far the patient can travel from the monitoring station, wireless PSG recorders can
be just as reliable as wired connections.

HOW WIRELESS TECHNOLOGY WORKS

Wireless systems work by transmitting data via electromagnetic waves within a defined
frequency. Early wireless systems were prone to transmission errors due to outside radio-
frequency interference. Recent advances in wireless communication technology have
allowed for the development of small and portable data acquisition systems capable of
transmitting physiological data over short ranges (50 to 100 feet). This newer technolo-
gy can guarantee reliable data transmission through the use of special data-encoding tech-
niques that allow both detection and correction of errors in transmission. Further
advances include the use of a technique known as frequency hopping that improves data
throughput by allowing a system to dodge interference.

Choosing wireless PSG acquisition systems for new sleep laboratories has also become
easier as the technology has improved. Upgrading to wireless no longer requires having
an installation team come to the facility for the initial setup. The systems are designed to
work right out of the box, and, with wireless, sites no longer need to connect rooms with
cables hidden under carpets or fed through ceiling tiles and holes drilled in walls. More
important, portable studies become much more practical because they can be done
wherever there is a bed and a nearby work area for the technologist or Internet connec-
tion for remote monitoring.

PATIENT-CARE ADVANTAGES

From a clinical perspective, the most significant advantage to wireless systems is the
opportunity to expand PSG services into much-needed areas of the hospital, including
intensive care units, rehabilitation units, and surgical suites. Because modern wireless sys-
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tems are more compact than wired sys-
tems, they can be brought into a patient
room without the need to rearrange other
equipment, as is necessary to make cart
systems fit. The wireless receiver and lap-
top computer can be positioned in the
room or at a nearby nurses station, wher-
ever it is safest and most accessible to the
staff that will assist with the study. The
system can then be networked (via the
hospital’s secure wired or wireless
intranet) to the PSG laboratory. The sleep
technologist can monitor the signal live
and, depending on staff situations, can
either communicate with the nurse or res-
piratory therapist on the floor for assis-
tance with lead repair or CPAP changes,
or return as necessary for technical inter-
vention.! Since nothing needs to be
plugged into the wall or mated with other
components, the risk of creating electrical
loops between the PSG system and other
life-critical equipment is eliminated.
Wireless can also be cost effective as it
allows inpatient sleep studies to be done
with less added expense to the hospital.
LDS Hospital in Salt Lake City, which has a
three-bed sleep laboratory, reports that it
increased its revenue by approximately

$800,000 in 1 year when it added inpa-
tient testing to its protocol. Plus, it
increased physician awareness of the
prevalence and importance of recognizing
and treating OSA. This increased revenue
resulted from receiving reimbursement by
private payors, increasing the patient-to-
technologist ratio, and doing more sleep
consults and CPAP follow-up visits on
patients that might otherwise have been
lost to follow-up after discharge. These
added fees easily offset the fact that
Medicare patients (approximately 50%
Medicare in this case) were not reimbursed
because of diagnosis-related group (DRG)
capitation issues.

(Reimbursement according to DRGs is a
case-rate payment system developed by
Medicare for hospital compensation. With
DRGs, Medicare pays hospitals at a fixed
amount according to the compensation set
for the patients DRG, regardless of the
services actually rendered to the patient.)

CHALLENGES AND BENEFITS

Of course, inpatient floors are not an
ideal place for PSG recording. Sleep qual-
ity is likely to be impacted by the loud
environment, as well as the pain or anxi-

ety that comes with hospital admissions.
Nursing staff may still need to enter the
room to tend to basic care needs such as
vital sign monitoring and medication
administration.? But, even without a full
night of sleep, an apnea/hypopnea index
(AHD) can still be derived and a diagnosis
made. Though large prospective studies
have not yet been completed, more imme-
diate treatment of OSA—which is a risk
factor for several serious cardiovascular
and other health ailments—may lead to
shortened inpatient stays and could also
lead to improved CPAP compliance
because of the extended opportunity for
patient education. Also, the patient may
more clearly see an association between
sleep disordered breathing (SDB) and his
or her hospital admission.

Qutcome studies, most of which are
conducted over the course of weeks or
even months, have shown that nasal CPAP
improves quality of life and may also ben-
efit several aspects of health, including
hypertension,? atrial fibrillation recur-
rence, and insulin sensitivity.* More imme-
diate effects can also be expected. For
instance, one study showed that improve-
ments in cardiovascular function, includ-
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ing a rise in left ventricu-
lar ejection fraction, a
decrease in left ventricu-
lar end-systolic dimen-
sion, a decrease in sys-
tolic blood pressure, and
a decrease in heart rate,
all occur relatively rapid-
ly with CPAP therapy.’

Limited channel screen-
ing studies for SDB may be
unsatisfactory. In the most

Some facilities have very
well-coordinated presurgical
evaluation programs where
patients undergo in-laboratory
PSG prior to surgery, but those
centers remain in the minority.

Wireless technology means
that sleep laboratories can
offer surgeons and anesthe-
siologists an opportunity to
preoperatively assess SDB
severity and/or more
promptly evaluate and treat
patients once problems
arise. Again, follow-up PSG
studies may still be required
to confirm that SDB is
chronic versus an acute

comprehensive study on

inpatient PSG done at Intermountain
Health in Salt Lake City, total sleep time
(TST) values were quite low relative to total
recording time (TRT) because of the previ-
ously mentioned challenges. The mean
TST was 3.3 hours, compared with a TRT
of 5.9 hours. Had the AHI been calculated
based on TRT, as is the case with most
screening devices, the AHI would have
been 19.4 per hour as compared with the
actual, fully scored calculation with all elec-
trophysiological measurements of 35.4.!
Also, in order for CPAP to be reimbursed
by insurance companies, a full PSG is often
required. Since it is inadvisable to allow
medically compromised patients to
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become hypoxemic for long, split nights
should be considered when possible. Later
follow-up in-laboratory PSG studies may
be necessary in order to confirm that
symptom severity was not altered acutely
or to ensure proper CPAP titration.

CARDIAC PATIENTS

It has been established that patients
with coronary artery disease have a high
prevalence of SDB. Schafer et al found
OSA (AHI > 10) in 30.5% of patients with
coronary artery disease as proven by
angiography compared with 19.7% in nor-
mal controls.® Up to 50% of patients with
heart failure will show signs of SDB, usual-
ly sleep apnea.” In a large retrospective
study of 450 patients with symptomatic
chronic heart failure (CHF), 75% of men
and 47% of women were found to have
SDB (AHI > 10/h). Asymptomatic left ven-
tricular dysfunction also is associated with
a higher incidence of SDB.® Therefore,
PSG can and should become an important
part of the diagnostic inpatient evaluation
for most cardiac patients.

SLEEP APNEA IN THE SURGICAL PATIENT
Some facilities have very well-coordi-
nated presurgical evaluation programs
where patients undergo in-laboratory PSG
prior to surgery, but those centers remain
in the minority. Adverse surgical outcomes
are more frequent in patients with sleep
apnea, as both anesthesia and surgery fur-
ther exacerbate airway instability and affect
sleep architecture.” In a retrospective eval-
uation of patients undergoing joint
replacement surgery, up to a third of those
with OSAS developed respiratory or car-
diac complications that included myocar-
dial infarction and arrhythmias or required
transfer to the intensive care unit or reintu-
bation.!® The presence of sleep apnea may
first become apparent intraoperatively due
to problems with intubation or mainte-
nance of the airway, or patients may be
noted to snore or have obstructive events
while being cared for postoperatively.

response to anesthesia.

PREVALENCE OF SDB FOLLOWING
STROKE

Sleep related breathing disorders are
both a risk factor and a complication fol-
lowing stroke. Studies have shown that fol-
lowing stroke, SDB occurs in 60% to 70%
of patients, 1% and outcomes are associat-
ed with the severity of the breathing disor-
der."> Wessendorf et al showed that using
CPAP in poststroke patients significantly
reduced mean nocturnal arterial blood
pressure, improved subjective well-being,
and increased slow wave sleep.!* The same
study also showed that compliance may be
less than that seen in the general popula-
tion because patients are unable to handle
the mask or understand the importance of
the therapy. Treatment response could also
be complicated by more central apneas
and more mouth leak as a result of facial
palsy in this population. Those stroke
patients that were able to comply reported
improved well-being and seemed to
respond more favorably to their rehabilita-
tion plan.

POSITIVE IMPACT IN SLEEP MEDICINE
Wireless PSG technology is sure to
have a positive impact on patient care as
many sleep clinicians realize that bring-
ing the sleep laboratory to the patient can
improve responsiveness and staff efficien-
cy. It could also increase physician aware-
ness of the prevalence and impact of SDB
faster and more effectively than any tar-
geted marketing campaign. SR
EDITOR’S NOTE: The references for this
article are posted with the online version at
www.sleepreviewmag.com.
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