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Background

* Need for sleep diagnostic systems that are
« Simple to use but meet all requirements of a full sleep
diagnostic device

e Provide maximum reimbursement

* Wireless for most flexibility for patient and technician

 FDA approved

« Additional Optional Features (not yet FDA approved):
*Arrhythmia Analysis
*NeuroCAP™
*NeuroAD™
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More than a Decade of Wireless EEG
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Auditory Evoked Response Epilepsy Sleep Non-Convulsive Seizures
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Background -continued
1997 2002 2004

Crystal Monitor*
16-5

_ CleveMed |

Crystal Monitor 16-S
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Crystal Monitor® Model 20-S
Wireless Sleep Diagnostic Monitor
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Crystal Monitor® Model 20-S
Hardware
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Crystal Monitor Model 20-S
Wireless Sleep Monitoring System

» Lightweight, wireless physiological monitor
* Viewing and recording

* 2-EEG, Central and Occipital 0

* ECG, s €
 2-EMG, Chin and Leg i ﬁ%QG §

* 2-EOQG, Left and Right Eye » -

e Airflow, pressure B O
» 2-Respiratory Effort, Thoracic and Abdominal : .9 O
» Body Position o T
 Pulse Oximetry, pulse rate and SpO2 : =) Gj‘.
e Snore (derived) s

 Auxiliary DC input
* New 2- way radio for more robust radio link (ack-nak)
with retransmission of packets

AT S
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Crystal Monitor Model 20-S Specifications

e Dimensions: 135 mm x 63 mm x 25 mm (5.3 x 2.57 x 17)
(not including 3” antenna)
* Weight: 210 grams (7.3 oz.) with batteries

« Radio Range: 80 feet (25 meters) through two walls n o

e Filter Input bandwidth 0.5 Hz - 250 Hz. 960 sps B el =
(-3dB attenuation); CMRR 100 dB : D0 ¢

» Noise < 2 uV peak-to-peak (< 1 uV RMS) ~ i o= §
(0.5 Hz - 100 Hz) B - Ol
* [nput Impedance > 20 MQ @ 10 Hz E o <

* Input Interface Standard no-touch 1.5 mm connectors
* Power Supply 2 AA batteries, Battery Life >12 hours
continuous use with Ultra battery
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Crystal Monitor® Model 20-S
Software
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Crystal Capture Features
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Waveform Review

Annotation Capability

A simple and complete interface
will allow users to view and

{@ Crystal PSG

File Wiew Tools Help
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Cl.eveMed Waveform Viewer

CleveMed’'s Waveform Viewer
component provides features you

cannot buy

EEG1

EEG2

LEDG

REOG

EMGT

EMGZ

ECG

PRES

ThoE

AbdE

SPO2

BODY

v

Multi-Channel display with shared
' screen area in order to mimic
legacy paper stripcharts

On-page labeling

___ High-speed smooth
- scrolling operation with
-/~ low CPU utilization

On-trace labeling

| 5 5 5 E 5 5 5 a 5 5 5 2 5 5 2 5 5 5 : 5 5 5 2 5
12:07:17 2 120722 44, 12:07:26 2 12:07:20 2 12:07:25 2 12:07:20 2 12:07:42 A
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CleveMed Data Storage

A dual-file storage architecture provides Iteitetntol

Version=1.0
1 ithili Header=Test bed 1.0
maximum flexibility and storage e e e
DataFile=C:%CleveMed'\ CrystalPSG\MainProgram. exe’ . . \Data'\Sample. psd
economy NumChannels=17
Pecordburation=0.003230625
Description=CPLP
TimeZone=0

memeeno A SCI| Layout File

BtartTime=8Z18&_ 33

A human-readable ASCII Layout file-format |icensers)

Chatnel O0=InputName=EECG]l, Tnits=uW BitResolution=17, Index=0, SanpleRate=Z56 Tr

b d b d Channel l=InputName=LEOG,Units=uV,BitResolution=1Z,Index=1,SaupleRate=z56, U
IS Capa Ie Of eSCrI Ing the enCO Ing Of Chamnel Z=InputName=EEGZ Tnits=uW BitResolution=1Z, K Index=2, SamplePate=Z56 T
Charmnel 3=InputName=RE0G, Tnits=uW BitResolution=17,6 Index=3, SanpleRate=256 T
the data taken from any SyStem' ItS Charnel 4=InputNane=ENGl Units=uV BitResoclution=1Z Index=4,Samplelate=Z5c Ty
H Channel E=InputMName=AkdE, Units=n¥ BitPesolution=1Z, Index=5, Sanplelate=25& 1Y
Separatlon from the raW da.ta. a.”OWS Channel:6=In§ut,Name=ThoE,Unit.s=mV,Bit,Resolut,ion=12,Index=6,Sam§leRate=256,U
. - - Chamnel 7=InputName=EMGZ, Tnits=uW BitResolution=17,6 Index="7, SanpleRate=256 1Y
eaSIIy a”OWS Supplemental Informatlon Chanmel S=InputName=ECG,Units=uwV,BitResolution=1Z,Index=8,Sauplekate=256, UpY
Charnel S=InputName=ATK BitResolution=1Z2, 6 Index=3, Sanplelate=2E& Uppericale=4
to be added to the record Channel 10=InputName=PRES EitResolution=1Z,Index=10, SaupleRate=256,UpperSea
Chatnel 11=InputName=BPOSK BitResolution=17, Index=11, SaupleRate=Z56 UpperScy
Channel lz=InputName=EPOST ,BitResolution=1z,Index=1Z, S8anplelate=256 Upperscy
Charmnel 13=InputMsme=BODLY BitResolution=1Z Index=13, SamplelRate=Z56 UpperSca
= ame=5F0Z BitPesolution=1Z, Index=14, 8anpleRate=25856 TpperSca
ame=HE ,BitResolution=1Z,Index=1%, SanplePate=25& , UpperScale
ame=BATT ,BEitBesolution=1Z, Index=1&,8amplelate=Z8E , Upperica
,3,4,5,6,7,8,5,10,11,12,13,14,15,1¢6

ddh:
A binary file provides efficient storage of the 1£8h:

raw physiological data.
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CleVGMed Data Export
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Export of data files to a variety of different
other system formats will enhance the
utility of the system for research
collaboration
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Comparison of
CleveMed Crystal Monitor 20-S

Versus a Nihon Kohden System
Apnea Hypopnea Index

67u

0] 10 20 30 40 50 60 70 80

@ CGrystal Monitor 20-S m Nihon Kohden
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Comparison of
CleveMed Crystal Monitor 20-S
Versus a Nihon Kohden System
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Advantages
over other traditional sleep systems

* Lower Cost

* Not on same frequency as other devices
— 900 MHz., not 2.4 GHz.
— Is not interfered with by computers

e Simple to use, but provides full recmbursement
(CPT Code 95810)

 FDA approved
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Crystal Monitor® Model 20-S
Options:

Arrhythmia Analysis Software
NeuroCAP ™ TSl

NeuroAD ™ Witz
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Arrhythmia Analysis Software

 Many studies have shown a strong link between
cardiovascular disease and sleep disorders.

* A new, innovative, neural network based analysis
software, capable of accurately detecting heart rate
variability and many cardiac arrnythmias for the sleep
specialist, was developed and tested against the MIT
Arrhythmia Data Base, 108,000 heartbeats.

 The wave analysis section, that detects heartbeats, has a
98.7% accuracy.

 The neural network based section has greater than a 96%
success categorizing heartbeats as normal or to a
specific arrhythmia.
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land Medical Device
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Arrhythmia Classification Results, 96%

Arrhythmia Histogram
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NeuroCAP

« Quantifiable and Rapid Test of Sleepiness is Needed
for Sleep Medicine (2003 National Sleep Disorders
Research Plan)

« To Address this Need, We Have Developed
NeuroCAP™ Neuro Cognitive Assessment Package,
an Ambulatory System for Fast/Objective Sleepiness
Assessment

* NeuroCAP™ Measures are Based on Simultaneous
Analysis of EEG and Behavioral Response to
Auditory Cues
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NeuroCAP Hardware

EEG and Subject’s Response are Acquired by a
Miniaturized Wireless Data Acquisition Unit

(1-7) EEG + Push-Button (Response Delay)

NeuroCAP™ System EEG Transmitter, Push-Button
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"NeuroCAP Test Protocol

« Subjects are Instructed to Stay Awake/Alert While Being Challenged by
a Sleep Conducive Environment

« A Nearby PC Randomly Delivers a Mixed Sequence of Target and Non-
Target Auditory Tones every 2-5 Seconds for 15 Minutes

« Subjects Are Instructed to Press the Push Button as Quickly as Possible
Upon Hearing the Target Tone o

Eile Wiew Setup
|Alertness
Too e
E Enter Patient
Fp1
Fp2
C3
C4 ;
- Test Time
o1 ! 00:00:00
o2
PE N B B B O
B Lk |
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3 T T
Corr. Coef. =-0.89

2.5F

> >

A
(0] ﬂ AAA A

0% 2 4 6 8 10 12 14
MSLT Sleep Latency (Min)

Provides Closer Agreement with MSLT Results:

» Stronger Correlation (-89%) with Mean Sleep Latencies (MSL)
» Better Differentiation of Clinically—Defined Mild, Moderate, and
Severe Sleepiness Conditions
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ANOVA Analysis on NeuroCAP Indices Grouped
According to Patient’s Mean Sleep Latency (MSL)

MSL <5 Min 5<MSL <10 MSL >10 P- Value
(Severe Sleepiness) (Moderate Sleep.) (Mild Sleep./Normal)
Behav. Index 0.53 +0.23 0.22 + 0.20 0.07 + 0.07 0.013
EEG Index 3.89 + 1.45 1.56 + 0.62 1.14 + 0.65 0.004
*

* DSI of Patients with MSL>10 Min is Statistically Similar to The Results of a
Separate Study Evaluating 12 Normal Alert Volunteers
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NeuroAD

* A test similar to NeuroCAP, but with different algorithms

« Diagnoses Attention Deficit Disorder, can be used as a
screener

 Not FDA approved, needs IRB approval

Wireless Sleep Pan American Health Care Engineering Conference February 2, 2006




CleveMed

ACKNOWLEDGMENT

Many thanks to:

The US National Institutes of Health

 National Institutes of Neurological Disorders and Stroke

 National Heart Lung and Blood Institute

Which provided funding for the development of the hardware and software
under a number of programes.

Wireless Sleep Pan American Health Care Engineering Conference February 2, 2006




CleveMed
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For Questions Contact

Robert N. Schmidt
Cleveland Medical Devices Inc.
4415 Euclid Ave., Suite 400
Cleveland, Ohio 44103 USA
rschmidt@CleveMed.com
Phone: 1-877-CleveMed (253-8363) (US Toll Free)
Phone Direct: +01-216-619-5925
Fax: 216-791-6744
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