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7) ABSTRACT

A method of evaluating a patient with sleep apnea includes
monitoring a patient to produce at least one timed waveform
of at least one physiologic parameter, identifying along the
waveform a first waveform variation indicative of an apnea,
identifying along the waveform a second waveform varia-
tion indicative of another apnea, determining the interval
intermediate at least one portion of the first waveform
variation and at least one portion of the second waveform,
and assessing the severity of sleep apnea based on at least
the determining. A device for determining the severity of
sleep apnea comprises a monitor capable of generating a
signal indicative of at least one physiologic parameter and a
processor capable of processing the signal, the processor
operating to generate a timed waveform of the parameter
and to identify a plurality of sequential waveform variations
indicative of a corresponding plurality of sequential apneas,
the sequential waveform variations having temporal and
spatial relationships between the waveform variations and
along the waveform, the processor further operating to
determine at least one of the temporal and the spatial
relationships and displaying the determining so that the
determining can be used to assess the severity of sleep
apnea.
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FIG. 2

- DEFINE A MEASUREMENT INTERVAL

DEFINE A BASELINE RANGE OF OXYGEN
SATURATION OF HEMOGLOBIN DURING THE
MEASUREMENT INTERVAL

IDENTIFY EACH DESATURATION EVENT
OCCURING WITHIN THE MEASUREMENT
INTERVAL BELOW THE BASELINE RANGE

COMPARE EACH DESATURATION EVENT
WITH KNOWN PARAMETERS FOR
PHYSIOLOGIC APNEA

MARK EACH DESATURATION EVENT
HAVING PARAMETERS CONSISTENT
WITH PHYSIOLOGIC APNEA

PRINT OXYGEN SATURATION AS A
FUNCTION OF TIME INCLUDING THE
MARKED DESATURATION EVENTS
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FIG. 6
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FIG. 9
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FIG. 12

PERFORM FFT ON EACH CONSECUTIVE
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FIG. 13
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MICROPROCESSOR SYSTEM FOR THE
SIMPLIFIED DIAGNOSIS OF SLEEP APNEA

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 60/052,438, filed Jul. 14, 1997, the
contents of which are hereby incorporated herein by refer-
ence and the benefit of U.S. Provisional Application No.
60/052,439, filed Jul. 14, 1997, the contents of which are
hereby incorporated herein by reference.

[0002] This application is a continuation-in-part of U.S.
application Ser. No. 08/789,460, filed Jan. 27, 1997, which
is a continuation of U.S. patent application Ser. No. 08/391,
811, filed Feb. 21, 1995, now U.S. Pat. No. 5,605,151, which
is a continuation of U.S. patent application Ser. No. 08/151,
901 filed Nov. 15, 1993, now U.S. Pat. No. 5,398,682, which
is a continuation-in-part of U.S. patent application Ser. No.
08/931,976, filed Aug. 19, 1992, now abandoned. The
contents of application Ser. Nos. 08/789,460, 08/391,811,
08/151,901, 08/931,976, and PCT/US 93/97726, and of U.S.
Pat. Nos. 5,605,151 and 5,398,682 are all hereby incorpo-
rated herein by reference, the contents of which are incor-
porated herein by reference.

BACKGROUND AND SUMMARY OF THE
INVENTION

[0003] Obstructive Sleep Apnea is now recognized as one
of the most common disorders in the US. The lower oxygen
levels associated with Obstructive Sleep Apnea is now
known to be a major cause of cardiovascular morbidity
including heart attack and stroke. A crisis exists in the U.S.
in that traditional expensive polysomnography cannot be
used to identify these patients on a sufficient scale. The
situation is analogous to having a disecase as common and
subtle as insulin dependent diabetes without an inexpensive
and widely implementable and simple mechanism to diag-
nose the disorder (such as exists for diabetes). Millions of
patients remain undiagnosed. The development of a diag-
nostic system which can allow simplified diagnosis of
obstructive sleep apnea by the primary care physician is a
national healthcare priority of substantial scale. The preven-
tion of hundreds of thousands of annual excess deaths,
stroke and heart attacks associated with obstructive sleep
apnea through simplified recognition of this disorder is the
most important purpose of the present invention. These
excess deaths are occurring annually in a great part due to
the lack of availability of this technology resulting in a vast
pool of undiagnosed cases of Sleep Apnea. Despite the fact
that obstructive sleep apnea is easily treated, both the patient
and the family are often completely unaware of the presence
of this dangerous disease, thinking the patient just a “heavy
snorer”.

[0004] Obstructive sleep apnea often develops insidiously
as a patient enters middle age and begins to snore. The major
cause is an increase in fat deposition (often age related) in
the neck which results in narrowing of the airway. (In fact
the probability that a 40 year old has sleep apnea is directly
related to his or her neck circumference). When the muscle
tone of the upper airway diminishes during sleep and
negative pressure associated with inspiration through this
somewhat narrow airway results in collapse of the upper
airway in a manner analogous to the collapse of a cellophane

Nov. 21, 2002

straw. This results in airway obstruction and, effectively
chokes off all air movement. The choking patient (still
asleep) begins to struggle and inhales more forcibly, thereby,
further lowering upper airway pressure and causing further
collapse of the upper airway. During this time, substantially
no air movement into the chest occurs and the patient
experiences a progressively fall in oxygen (similar to the fall
occurring early in drowning). The fall in oxygen produce
central nervous system stimulation contributing to hyper-
tension and potential heart and blood vessel injury and
finally results in arousal. Upon arousal, increase in airway
muscle tone opens the airway and the patient rapidly inhales
and ventilates quickly to correct the low oxygen levels.
Generally, the arousal is brief and the patient is not aware of
the arousal (or of the choking since this occurs during sleep).
Once oxygen levels have been restored, the patient begins
again to sleep more deeply, upper airway tone again dimin-
ishes, the upper airway collapses and the cycle is repeated
stressing the heart with low oxygen in a repetitive fashion.
Often this repeating cycle over many years eventually
results in damage to the heart muscle and/or the coronary
arteries. As the patient ages, the consequences of undiag-
nosed obstructive sleep apnea is often either a progressive
decline in heart muscle function (and eventual heart failure)
or heart infarction.

[0005] The duration and severity of each apnea is quite
variable from patient to patient and with the same patient
throughout the night. Indeed, the disease process represents
a spectrum of severity from mild snoring, which is associ-
ated with incomplete and inconsequential airway obstruc-
tion, to severe apneas which can result in fatal hypoxemia.

[0006] This disecase commonly results in excessive day-
time sleepiness and can disrupt cognitive function during the
day due to fragmentation of sleep during the night associated
with recurrent arousals of which the patient is not aware.

[0007] Although this disease commonly affects obese
patients, it may occur in patients with any body habitus.
Because this disease is so common and because it presents
with the subtle and common symptoms of excessive daytime
sleepiness, morning headache, and decreasing ability to
concentrate during the day, it is critical that an inexpensive
technique for accurately diagnosing and treating this disease
be developed. Traditionally, this disease has been diagnosed
utilizing a complex and expensive multi- channel polysom-
nogram. This is generally performed in a sleep lab and
involves the continuous and simultaneous measurement and
recording of an encephalogram, electromyogram, extraocu-
logram, chest wall plethysmogram, electrocardiogram, mea-
surements of nasal and oral air flow, and pulse oximetry.
These, and often other, channels are measured simulta-
neously throughout the night and these complex recordings
are then analyzed to determine the presence or absence of
sleep apnea.

[0008] The problem with this traditional approach is that
such complex sleep testing costs between one-thousand to
thirty five hundred dollars. Since sleep apnea is so common,
the cost of diagnosing obstructive sleep apnea in every
patient having this disease in the United States would exceed
Ten Billion Dollars. It is critical that a new, inexpensive
technique of accurately diagnosing sleep apnea be devel-
oped.

[0009] Nocturnal oximetry alone has been used as a
screening tool to screen patients with symptoms suggestive


































































