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Obstructed Sleep Apnea (OSA )

Repeated breathing pauses or hypoventilation caused by various
reasons, leading to hypoxemia, hypercapnia, sleep disruptions and,
therefore, causing a series of a series of pathophysiological

changes in the body.

"It has been confirmed that the prevalence rate of its population is
about 2%-7%." Among them, the prevalence rate is higher in people
over 30 years old, about 3-7% in men and 2-5% in women. The
prevalence rate in people over 65 years old can reach 20-40%.

Because of tonsillar adenoid hypertrophy, children are a high-risk

group.



Symptoms of OSA (Clinical Manifestations)

Most common (>60%)

Common (10%-60%)

Rare (<10%)

Snoring

Daytime sleepiness, fatigue and weakness
Night breathing stop

Abnormal sleep movement at night,
personality change

Nocturia

Not relieved after sleeping

Helium at night

Loss of libido

Morning dry mouth, headache,
Sweating at night

Pharyngitis for a long time

Morning tongue numb

Night bedwetting
Frequent wakefulness
Cough at night,
Insomnia, dreams,

Chest pain
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OSA is a systemic disease
OSA patients' health resourcesconsumptionsare twice as much as healthy people




OSA Hazards: An Authoritative Guide

SN Lesion Or Problem SN Lesion Or Problem

1 Causg or aggravate high blood pressure (high blood pressure at nightand 13 Respiratory failure
morning)

2 Coronary heartdisease, nocturnal angina and cardiacinfarction 14 Night bronchial asthma (asthmaforshort)

3 Severe arrhyt‘hmia, ve ntricularpremgture beats, tachycardia sinus arrest, sinus 15 Mental disorders: anxi‘ety, de pres‘siorT, language cgnfusion, bghayioral bizarre,
block, and atrioventricular block at night personality changes, visual hallucinations and auditory hallucinations

4 Type 2 diabetesand insulin resistance 16

5 Recurrentleft heartfailure at night 17 Secondary erythrocytosis and increased blood viscosity

6 Cerebral thrombosis 18 Enuresis

7 Seizure 19 Sexual dysfunction:impotenceand loss of libido

8 Dementia 20 Gastroesophageal reflux

9 Pulmonary hypertension, overlap syndromeand pulmonary heart disease 21 Neurasthenia

10 Pregnancy hypertension pre-eclampsia 22 Renal impairment

11 Liverdamage 23 Aggravated obesity

1 Pediatricdevelopmentalretardation intelligence is lower than the normal level 24 Major trafficaccident

of children of the same age

Guidelines for the diagnosis and treatment of obstructive sleep apnea hypopnea
syndrome (2011 revision)clearly shows the possible lesion or problems caused by OSA




Experts' Consensus on Sleep Apnea and Cardiovascular Disease

1. Mechanismsthat trigger or aggravate cardiovasculardisease

Chronic intermittent hypoxia, carbon dioxide retention, increased chest vacuum, repeated arousal and
abnormal sleep structure caused by apnea, on the basis of which cause autonomic dysfunction,
oxidative stress and inflammatory response, vascular endothelial cell damage, blood flow Increased

viscosity, hypercoagulable state, abnormal fiber dissolution system and endocrine abnormalities.

2. The relationship between OSA and hypertension

For details, see the Experts' Consensus on Clinical Diagnosisand Treatment of Obstructive Sleep Apnea-

Related Hypertension.

3. The relationship between OSA and coronary heart disease

The prevalence of coronary heart disease in OSA patientsis 20-30%;

The 5-year mortality rate of OSA patients with coronary heart disease increased by 62%,;


http://www.wanfangdata.com.cn/details/detail.do?_type=perio&id=zhnk200912025

Hazards of OSA: Cardiovascular Disease

4. The relationship between OSA and arrhythmia

e 100% of OSA patients have greater heart rate variability during sleep, and a
slower heart rate is the most typical ECG change in OSA patients during sleep;

* More than 80% of patients have significant sinus bradycardia during apnea, and
more than 50% of patients with severe OSA have transient paroxysmal
ventricular tachycardia;

5. The relationship between OSA and heart failure
* OSA s arisk factor for promoting, inducing, and aggravating heart failure;

6. The incidence of pulmonary hypertension in OSA patients is35-45.3 %

Although OSA is very common and its harm is multifaceted and serious, it has
long been lack of awareness and attention to this disease, and the lack of
necessary diagnostic equipment and experience, so a considerable proportion
of patients have not been diagnosed and treated in time.



The Hazard of OSA: High Blood Pressure

Experts' Consensus on Clinical Diagnosis And Treatment Of Obstructive Sleep Apnea-Associated Hypertension
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The Relationship Between OSA & Hypertension

50% to 92% of OSA patients have hypertension, and 30% to 50% of
hypertensive patients are accompanied by OSA

The risk factor for hypertension in patients with moderate to severe OSA is
three times higher than in those without OSA;

83% of patients with refractory hypertension combined with OSA;

A large percentage of OSA patients present with high blood pressure at night
and in the morning;

In the seventh report of the American Committee for the Evaluation and
Prevention of Hypertension in 2003, OSA has been clearly identified as one of
the major causes of secondary hypertension;

Mechanism of OSA-Induced Hypertension

Repeated episodes of intermittent hypoxia, hypercapnia, neurological and
humoral dysregulation, and sympathetic nervous system interactions can cause
increased heart rate, increased myocardial contractility, increased cardiac
output, and increased systemic vascular resistance. All above are important
mechanisms leading to high blood pressure.



Hazards of OSA:
High Blood Pressure

Obstructive Sleep Apnea-Associated Hypertension
High risk population

* Obesity;

* Abnormal anatomical structure with nasopharynx and
maxillofacial;

* Snoring during sleep, daytime sleepiness, headache in the
morning, dry mouth;

* Single bed drug has poor antihypertensive effect;

« Refractory hypertension or occult hypertension, morning
high blood pressure, or high blood pressure rhythm that is
“non-sick” or “reverse”;

* Repeated episodes of uncontrollable angina at night;

* Arrhythmia that is difficult to correct at night;

e Refractory congestive heart failure;

» Refractory diabetes and insulin resistance;

* Unexplained pulmonary hypertension;

* Unexplained nighttime wakefulness or nocturnal episodes;

Sleep assessment (snoring,
apnea, daytime sleepiness)

ESS score <9

Mild: Lifestyle treatment,
mandibular retraction - oral
orthosis

People with hypertension
risk factors of OSAHS

Suspected hypertension
combined with OSAHS

Physical examination (obesity or obvious abnormalities
of the maxillofacial region and nasopharynx)

Daytime sleepiness
(ESS score)

ESS score >9

Perform a preliminary
screening diagnosis
(portable detector + ABPM)

Preliminary diagnosis: BP T
(oDI2 10)

Test with PSG

Diagnosis
confirm

Indexing and classifying
based on PSG test results

Moderate & Severe: CPAP

It is recommended to carry
out otolaryngology and
maxillofacial diagnose to
identify the position and

extent of obstruction, and if

there is window for surgery




Hazards of OSA: Stroke
(Stroke/Cerebrovascular Disease)

" The relationship between OSA and stroke

Stroke is the second cause of death for humans and the leading cause of death in China. China now has
more than 7 million patients with strokes, the firstin vascular disease;

OSAis an independent risk factor for stroke;

50% to 70% of stroke patients have sleep-related respiratory disorders, 90% of whom are OSA;

The 2011 American Heart and Stroke Association has classified sleep-disordered breathing as a risk
factor for primary prevention of stroke;

Patients with stroke and OSA have severe neurological deficits, long hospitalization and rehabilitation,
increased stroke recurrence and increased mortality;

= Pathophysiological mechanism of OSA-induced stroke

The sensitivity of the respiratory center is reduced, the autoregulation of the cerebral vessels is impaired,
and the pressure of the cerebrospinal fluid is significantly increased;

Changes in sleep structure and excessive sympathetic excitation;

Increased intrathoracic pressure and decreased cerebral blood flow;

REM brain blood flow and oxygen imbalance between supply and demand lead to interruption of blood
circulation in the brain, stroke;

Long-term chronic hypoxia causes erythrocytosis, increased blood viscosity, and slowed blood flow;
External carotid atherosclerosis; oxidative stress;




Hazards of OSA: Diabetes

Experts’ Consensus on Obstructive Sleep Apnea and Diabetes

= - -\
S o N

-

Relationship between OSA and Diabetes

The prevalence of diabetes in China is 9.7 %, with an estimated 97 million
people;

The prevalence of diabetes in OSA patients is > 40%, while the prevalence
of OSA in diabetic patients is 23%;

The Malignant Cycle of OSA and Type 2 Diabetes

Increased sympathetic activity, intermittent hypoxia, hypothalamic-
pituitary-adrenal  dysfunction, systemic inflammatory response,
adipocytokines, and sleep deprivation can all lead to insulin resistance;
autonomic dysfunction caused by diabetes can also increase OSA danger;

Screening OSA For Type 2 Diabetes Mellitus and Metabolic Syndrome
Patients

Snoring, daytime sleepiness; obesity, insulin resistance, difficulty in
controlling diabetes; refractory refractory hypertension; nocturnal angina;
nocturnal refractory arrhythmia; refractory congestive heart failure;
epilepsy; senile dementia; nocturia; sexual dysfunction; Personality
changes; chronic cough of unknown cause; unexplained polycythemia.




Hazards of OSA: Pregnancy OSA

Experts’ Consensus on The Diagnosis And Treatment Of Obstructive Sleep Apnea Syndrome During Pregnancy (Draft)

Prevalence of OSA during pregnancy

® The overall incidence of OSA in pregnant women was 11.4%, and
the prevalence of OSA in early and late pregnancy was 10.5% and
26.7%, respectively, which was higher than that in non-pregnant
women of childbearing age (5%).

® Studies of high-risk pregnant women (including chronic
hypertension, pre-eclampsia, GDM, pre-pregnancy obesity, or
previous poor maternal history) have shown that the prevalence of

5 OSA in the early, middle, and late stages of pregnancy is 30.4%,

e 4 33.3%, and 32.0%, respectively.

Maternal Complications
® Fragmentation and hypercapnia can lead to an increased risk of pregnancy-related hypertension.
® The resulting inflammation and oxidative stress also enhance insulin resistance and are a risk factor for gestational diabetes mellitus (GDM).

Fetal Complications

® Hypoxemia occurs repeatedly during sleep during pregnancy, and it is more likely to develop hypertensive disorder complicating pregnancy, both of which cause a decrease

in placental perfusion. It can eventually lead to fetal complications such as premature delivery, fetal growth restriction (FGR), low birth weight and neonatal asphyxia. Even
academic reports on fetal malformations and stillbirths.

® Dynamic monitoring also found that when pregnant women had apnea, the fetal heart rate slowed down and fetal movements decreased significantly.



Hazards of
OSA:

Children

Draft Guidelines for The Diagnosis
And Treatment Of Children OSA
Hypopnea Syndrome

Definition

Partial or complete upper airway obstruction frequently occurs during sleep, disturbing
normal ventilation and sleep structure in children and causing a series of
pathophysiological changes. It is a disease that seriously endangers the health and
growth of children. It can occur in any stage from newborn to adolescent, and is more
common in preschool children.

Hazards

Sleep snoring, mouth breathing, belching, repeated awakening, enuresis, excessive
sweating, hyperactivity, anxiety, depression, etc., occasionally daytime sleepiness;
Long-term mouth breathing can lead to obvious malformation of the maxillofacial
region, forming an "adenoid face";

In severe cases, cognitive deficits, inattention, memory loss, learning difficulties,
behavioral abnormalities, growth retardation, etc. may occur;

Hypertension, pulmonary hypertension, right heart failure and other cardiovascular
diseases;

Etlology/ Population

The prevalence of obstructive sleep apnea (OSA) in childrenis 1.2t0 5.7 %

Nasal: Common chronic rhinitis (infectious, allergic), sinusitis, nasal polyps, nasal
swelling, etc. Nasopharyngeal and oropharynx: The most common causes are adenoid
hypertrophy and tonsil hypertrophy.

Throatand trachea: Congenital laryngeal cartilage softening, throat, laryngeal cystand
tracheal stenosis. Craniofacial deformity

Factors affecting neuromodulator: Reduced whole body muscle tone (Down's syndrome,
neuromuscular disease).



OSA — A Life Threat

The World Health Organization announced
the top ten causes of death in the world in
2016, four related to OSA

O see The Respiratory Surgeon's Mission,
Responsibility And Responsibility From
The Recent WHO Ranking Of All-Cause
Mortality In The World.

Top 10 global causes of deaths, 2016

Deaths (millions)
0 2 4 6 8 10

Ischaemic heart disease

Stroke

Chronic obstructive pulmonary disease

Lower respiratory infections

Alzheimer disease and other dementias

Cause Group
Trachea, bronchus, lung cancers

) ) Communicable, matamal, neonatal
Diabetes mellitus i

and nutritional conditions
Road injury - Noncommunicable diseases
Diarrhoeal diseases B injuries

Tuberculosis

Source: Global Health Estimates 2016: Deaths by Cause, Age, Sex, by Country and by Region, 2000-2016. Genevs, World Heaith Organization; 2018.


https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death

Hazards of OSA:
Scientific Studies

Obstructive Sleep Apnea as a Risk Factor for Stroke and Death

H. Klar Yaggi, M.D., M.P.H., John Concato, M.D., M.P.H., Walter N. Kernan, M.D., Judith H. Lichtman, Ph.D., M.P.H., Lawrenc Sleep Apnea, Aldosterone, Elnd Resistant
M.D.
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https://www.nejm.org/doi/full/10.1056/NEJMoa043104
https://www.sciencedirect.com/science/article/pii/S0422763813000307
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Il. Current Diagnosis and Therapy Situation




| Structured questionnaires for people with risk factors (Berlin Questionnaire) |

!

Ask about the corresponding medical history and symptoms |

l

Typical symptoms (snoring, irregular breathing at night, sleep apnea, daytime

sleepiness, etc.)

l

Physical examination: obesity, short neck or obvious maxillofacial, anatomical
abnormalities of the nasopharynx or abnormal nervous system

l

Daytime sleepiness evaluation (ESS Scale)

I

ESS<9

PSG Monitoring

J

Confirmed diagnosis

|

OSA Diagnosis Path

Epworth Sleepiness Scale

Name: Todav's date-

ESS>9

In general ESS scores can be interpreted as follows:

!

Preliminary screening diagnosis

y

ODI > 10 times/hrs, min. SpO2 < 90%

J

Preliminary diagnosis

[

N3

Indexing and typing based on PSG results

|

Patients with surgical indications should be further examined to determine the
upper airway obstruction plane, extent, and cause

l

v

\/

v

0-5 Lower Normal Daytime Sleepiness

6-10 Higher Normal Daytime Sleepiness
11-12 Mild Excessive Daytime Sleepiness
13-15 Moderate Excessive Daytime Sleepiness

16-24 Severe Excessive Daytime Sleepiness

| Oropharyngeal stenosis |

Hypopharyngeal stenosis

| | Oropharyngeal & hypopharyngeal stricture

|

|

|

Uvulopalatopharyngoplasty,
tonsillectomy

Anterior maxillary osteotomy, hyoid
muscle cutting and hyoid suspension

Uvulopalatopharyngoplasty + mandibular
anterior osteotomy,hyoid muscle cutting

I

\2

Review and follow-up 6 months after operation |

Sitting and reading

Watching TV

Sitting, inactive in a public place (e.g. a theatre or a meeting)
As a passenger in a car for an hour without a break
Lying down to rest in the afternoon when circumstances permit

Sitting and talking to someone

Sitting quietly after a lunch without alcohol

In a car, while stopped for a few minutes in the traffic

19



https://www.sleepapnea.org/assets/files/pdf/ESS%20PDF%201990-97.pdf
http://epworthsleepinessscale.com/about-the-ess/

Registration Sleep Medicine Dept
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Adult OSA severity and apnea hypopnea index
(AHI) and/or the basis for judging the degree of hypoxemia

Degree AHI (Times/H)
Mild 5-15
Moderate >15 -30
Severe >30
Degree Min. Sp02 (%)
Mild 85-90
Moderate 80 - <85
Severe <80

Wear Monitoring Devices

Children OSA severity and apnea hypopnea index
(AHI) and/or the basis for judging the degree of hypoxemia

Degree AHI (Times/H)
Mild 5-15
Moderate >15 -30
Severe >30
Degree Min. Sp02 (%)
Mild 85-90
Moderate 80 - <85
Severe <80

[ OSA Diagnosis: PSG-Standard |



OSA Diagnosis: PSG

To Patient

Very few beds available in the sleeping center
Polysomnographyis rare

Long queue waiting period

Poorcomfort

First night effect

High cost of diagnosis and treatment

To Hospital

* High site demand

* Polysomnographyis very expensive

* Operationis complicated (about 40 minutes)
» Techniciantraining periodis long

* Limited number of patients

* Lowcost-effectivenessratio



OSA Screening: Grassroots Version
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Easy diagnostic methods and standards

The unit for the lack of specialized diagnostic equipment at the
grassroots level is mainly based on medical history, physical
examination, SpO, monitoring, etc. The diagnostic criteria are:

Observation: obesity, maxillofacial/throat abnormalities;
Subjective evaluation: high Berlin questionnaire score;
Subjective inquiry: frequent awakening at night;
Subjective evaluation: ESS score > 9 points;

o b W N BB

Objective monitoring: The typical change of the SpO, monitoring
trend graph shows that the oxygen desaturation index (ODI4) is
>10 times/h;

6. Causing damage to one or more vital organs;

A preliminary diagnosis can be made if the above conditions are met.



BMC Pulm Med. 2015; 15: 24. PMCID: PMC4407425
Published online 2015 Mar 20. doi: 10.1186/212530-015-0017-z PMID: 25580549

Researchers studied a total of 616 experimenters,
using PSG and fingertip oximeters for sleep
monitoring, followed by data comparison analysis

Validation of overnight oximetry to diagnose patients with moderate to
severe obstructive sleep apnea

Liang-WWen Hang, Hsiang-Ling Wang, Jen-Ho Chen, Jiin-Chyr Hsu, Hsuan-Hung_Lin, Wei-Sheng -Slf'ung:m and

Yung-Fu Chen™

= Author information + Article notes = Copyright and License information Disclaimer

Table 2 Table 4

Diagnosis of severe patients with AHI = 30 as the threshold using different combination of Diagnosis of moderate to severe patients with AHI =15 as the threshold using different

salient features combination of salient features

Data Multiple variables Single variable Data Multiple variable Single variable
Predictive NC, BMI, ODI. ODI. ODI||ODI2 ODI3 ODI4T ODI4A Predictive NC, BMI, ODL, ODI, ODY ODI2 ODI3 ODI4T ODI4A
index (%) ESS, ODI ESS BMI index (%) ESS, ODI ESS BMI

Dataset 1 (N Accuracy 00.42 0058 0058 0042872 8235 878 80.8 Dataset 1 (N Accuracy 86.85 87.82 87.01 8734872 805 878 80 8
=616) Sensitivity 88.07 87.01 8631 8736016 860 857 90.6 =0616) Sensitivity 8867 8087 87.05 8774 Jo16 861 857 00.6
Specificity 92.44 93.65 9425 93.05)83.3 924 897 89.1 Specificity 83.08 83 358 85.07 8554|833 024 807 801
AUC 0.958 0.956 0.954 0957440938 0942 0912 0.913 ATIC 0.038 0.035 0.927 o024 foo1g2 00920 0870 0.860
Cutoff = = = = 272 184 112 13.7 Cutoff - - - = 212 95 73 8.5
Dataset 2 (N Accoracy 0018 0037 8981 9055|876 9000 885 803 Dataset2 (N Accuracy 87 06 88 14 37 50 s771ls76 o000 s3s 503
=3540) Sensitivity 86.07 88.18 88.60 8087|916 856 887 895 =540} Sensitivity 80 30 8007 38 82 sssdlois ss6 =37 505
Specificity 0339 9207  90.75 01.08f844 927 884 821 Specificity 85.34 34 81 85 34 as53d lsas o027 s34 50 1
AUC 0.952 0946 0950 0053|0945 00945 0013 00913 e e TEET T 092 loe2s 0927 0872  0.875
Cutoff = = = = 272 184 104 13.7 R } } B . T - -
PSG results Oximeter results PSG results Oximeter results

Note: ODI is the combination of ODI2 and ODI4A _ i . )
Note: ODI is the combination of ODI2 and ODI4A.

Diagnosis of patients with severe OSA with different Diagnosing patients with moderate to severe OSA with different

parameter combinations based on AHI=30 parameter combinations based on AHI=15 .


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4407425/
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Figure 1 ROC curves of ODI parameters for the diagnosis of
severe and moderate/severe O5A patients with thresholds (a)
AHI=30 and (b} AHI=15, respectively.

From the oximeter results, the ODI index is
diagnosed in patients with OSA

* Accuracy is 90.42%~90.55%

* Sensitivity is 89.36%~89.87%

* Specificity is 91.08%~93.05%
 AUCis0.953~0.957

Conclusion

Through continuous monitoring of blood
oxygen saturation, the calculated ODI index
can be used as a screening diagnostic
indicatorfor OSA with high accuracy.



Il Our Solution




Development

* In 2014, C+ co-founds with GE Chengdu Monitor & Ventilator Team and determined the development direction of
reflective vital sign monitoring technology and products.

* In 2015, finish development of the first generation of vital signs monitoring band was completed;

* 1In 2016, completed the clinical trial of West China Hospital and Sichuan Provincial Hospital of Traditional Chinese
Medicine, and obtained the national medical device certificate Class Il (No. 20162210019)

* 1In 2017, start to develop a new OSAscreening program based on wearable vital signs monitoring equipment, including
Peking University People's Hospital, First Medical Chaoyang Hospital, West China Hospital, Sichuan Provincial People's
Hospital, Chongqing Xingiao Hospital, Shanghai Zhongshan Hospital, Guangdong Provincial People's Hospital and other
more than 50 nationally renowned top three hospitals in the Department of Sleep Medicine completed clinical
application verification, and obtained the recognition and recommendation of most sleep medicine experts including
Han Fang, chairman of the Chinese Medical Association Sleep Medicine Association.

 2018.10, finish development of a new sleep apnea syndrome screening system, comprehensive optimization of
screening efficiency, and submission of medical software certification applications for the software system and new
business model patent applications for the business.

* 2019.01, the OSA monitoring analysis and authorization software system for the new sleep apnea syndrome screening
obtained the medical device certification (No. 20192210022), and applied for the business of C+ only through the
Sichuan Provincial People's Hospital Health Management Center. Special charge code.

It costs totally 10 million USD, and lasted for 4 years, completing product development, clinical research and obtaining
registration.



Blood oxygen saturation (SpO2, abbreviated as blood oxygen) is the percentage of

[ ] [ J
Monlto rlng Of oxygen-bound oxyhemoglobin (HbO2) in the blood that accounts for the total

capacity of the combined hemoglobin (Hb), that is, the concentration of blood

BIOOd OXygen oxygen in the blood. It is an important physiological parameter of the respiratory

cycle.
HbO
Sp0, ~ —=—x 100%
PY2 = Ybo,+Hb
Time 1950s 1970s 1970 - 1980 | 2010 2016
Method Electrochemical method Optical method (transmission) Optical method (reflection)
Collect arterial blood,

measure arterial partial
Principle oxygen pressure (Pa02) and Detect changes in blood absorption of light and measure the percentage of oxyhemoglobin (HbO2) in total hemoglobin (Hb)

calculate arterial oxygen

saturation (Sa02)
Product N
e | e
- - ‘ v /\.‘\ i
-

Name Blood gas analyzer Multi Parameter Monitor Finger Oximeter Wrist watch oximeter Wearable oximeter
N . - . Real time bedside monitoring in Blood oxygen mornitoring . o .
Application Criticallyill inpatients hospital in/out hospital Continuous blood oxygen mornitoring in/out hospitals

A t lot of i T issi th t
Advantages ceurate, .0 of indexes ransmlssmr\ method standard, Small, portable, cost effective Continuous data can be used for OSA screening
available continuous data
T Invasive, professional Expensive, limited units, hard to . Not comfortable, accessories
Limitations Data collection at 1 place /

operation

move around easy to come off




Technical Principle and Challenges Of Reflective Blood
Oxygen Monitoring

Transmission Reflection
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mm GEgl =

* Weak signal acquisition:the signal amplitudeis attenuated by 20-30 times

IRLED@ @ Red LED

- .

Phototransistor
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IR LED

.J

Red LED
Phototransistor

3 Technical Challenges

Motion interference noise challenge

Environmental light interference challenge




Product Developments

1G 2G
Wrist Band Smart Ring

Product Shape and Algorithm Iteration
« Data is getting more and more stable

« smaller and smaller
e easier to wear

‘ = )

3G
Sticky Button



Data Accuracy Comparison




Clinical Value Realization Challenge

According to Beer-Lambert's law, the ratio R/IR should be nonlinear as a function of arterial oxygen saturation (Sa02), but
since biological tissue is a complex optical system with strong scattering, weak absorption, and anisotropy, Fully in line with
the classic Beer- Lambert's law, it leads to difficulties in expressing mathematical models of the relationship between red
and infrared absorbance relative changes (R/IR = r) and arterial oxygen saturation (SaO2). Calibration refers to the

experimental method to determine the correspondence between R/IR and Sa02, i.e. the calibration curve (i.e. r-Sp0O2

curve).
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Comparison of blood oxygenation trends between Button and other blood oxygen devices




West China Hospital Clinical Trial
(100 OSA Cases of PSG Comparison Test)

Case Study

SpO, Comparison
« PatientInfo: 42 years old, male

« Device Info: Philips Alice 5 PSG v.s Button
« Testtime: 2015/8/11 0:00am to 07:00am

Preliminary Results

« Continuous monitoring at night (1 time/second)
Oxygen saturation and heartrate PSG data and
Button data are highly consistent

« Increased wrist motion monitoring of the Button

Red curves: PSG Data
Blue curves: Button Data

_ can help determine the limb movement intensity
Green: Wrist Movement Data

of the patient



West China Hospital Clinical Trial
(100 OSA Cases of PSG Comparison Test)

AUALISUDS

ROC Curves
1.0
Source
! —— BANDODI4T
; = ~~BANDODI4A
S— BANDODI3T
0.8+ J J ~ Reference
0.6

0.2

Ns

00
00

T T T T
02 04 06 08

1- Specificity
ROC curve obtained with
PSGODI4T=15 as the threshold

1.0

Test result variable Area under the curve

ODI4T 0.907
ODI4A 0.877
ODI3T 0.931
Area under ROC curve and diagnostic accuracy
High 0.90-1.00 = excellent (A)
Mid 0.80-0.90 = good (B) 0.70-0.80 = fair (C)
Low 0.60-0.70 = poor (D) 0.50-0.60 = fail (F)

Numerical analysis of ODI4T calculations:
« Sensitivity: 85.00%

« Specificity: 85.00%

« Accuracy: 85.71%

Note:

ODI3T: The 3% oxygen reduction is used as the threshold, and the mean value of
the maximum 20% blood oxygen value in the first minute before the point is the
baseline, and the calculated oxygen reduction index is calculated.

ODI4T: The 4% oxygen reduction is used as the threshold, and the mean value of
the maximum 20% blood oxygen value in the first minute before the point is the
baseline, and the calculated oxygen reduction index is calculated.

ODI4A: The oxygen decrement index calculated by taking the 4% oxygen reduction
threshold and the mean value of the blood oxygen value throughout the sleep time
as the baseline.



Peking University People's Hospital Sleep Center Clinical Trial
Calibration Test Data (Partial)




Peking University People's Hospital Sleep Center Clinical Trial
Calibration Test Data (Partial)
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« President to Be of Asian
Sleep Medicine Society

« Chairman of China Sleep
Research Association
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COMPARISON OF OXYGEN SATURATION AND HEART RATE BY SENSE WEAR ARMBAND AND
ELECTROCARDIOGRAPH MONITOR IN ELDERLY PATIENTS.

Jianghua Zhou, MD'?, Li Luo, PHD ', Ming Yang, PHD ', Hui Wang, PHD', Shan Hai, PHD' and "Birong
Dong, MD'.
1. The Center of Gerontology and Geriatrics, West China Hospital, Sichuan University, Chengdu, China,
2. Chengdu Fifth people's Hospital,

*Corresponding Author: Birong Dong.

Abstract:

Background: Wearable devices that measure continuous arterial oxygen saturation by heart oximetry (Sp02) and
heart rate (HR) are commonly used in many appheations, such as m the mtary, homecare umits, hospitals, sports
traming and emergency monmtoring systems.

Objective: The purpose of this study was to verify the accuracy between two types of monitor devices over an
extended period of time and to compare the values of Sp0O2 indicated by a Sense Wear Armband (SWA produced by
1CareTech Healtheare Co., Ltd., China) to those obtained using a table electrocardiogram monitoring device (IPM12
produced by Mindray Biological Medical Electronic Co., Ltd., China), which 15 a device widely used in hospitals.
Materials and Methods: Thirty-three adults (22 male, 11 female; 80.8+10.3 years) wore a SWA on the medial side
of their right wrist and an Electrocardiograph{ EC(G) monitoring system as reference measures for Sp02 and HR.
The difference of the two devices for estimating Sp02 and HR was assessed using the paired Student's t test. To
evaluate the extent of agreement between measures of Sp02 and HR, Pearson correlations, intra-class correlations
(ICC) and Bland-Altman analysis were conducted.

Results: The result of the Bland-Altman analysis demonstrated that the agreement was good when Sp02 was
assessed by the two methods and was moderate when HE was assessed by simular devices. The correlation between
the HR assessed by the two devices was statistically significant (ICC ranged from 095 to 0.99; p < 0.001).
However, the correlation when Sp02 was assessed by similar deviees was lower than HR and the difference was
statistically significant (1CC ranged from 0.37 to 0.94; p=0.05).

Conclusions: These findings suggest that the SWA provides valid measures of Sp02 and HR compared to the
conventional hospital device. Well-designed studies are needed to explore the accuracy of wearable devices used in
different people of different states(e.g. in motion or rest state) when Sp02 and HR are assessed.

Professional Paper
West China Hospital
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[RE] B® Kt CHTFRAMABRAERYE A IEESEAE (sleep apnea hypopnea
syndrome, SAHS) Wy #) % ff 6. A& % 145 WRM SAHS MEFAMH AT 2 S BB K
(polysomography, PSG) 45 C+F 3R, 4 FI4E it PSG 1k M 57 13 B8 OR OF ¢ %5 #9668 T4 3 Capnea
hypopnea index, AHD), PSG 5 C- F 5 [ 8 A7 1% ¥ % 1 # J§ # ¥ (oxygen desaturation index,
ODI), FHmEMME (MSa0.), MAEMERAE (LSa0,) PR M AW ME <90% 812 ot
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HIFEBL (£=1.71, P>0.05, Kappa fii=0.524, P <0.001), B PSG-AHI=5 ¥%/h fk H M
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[XRA] BRI REHEECEAE: RIRFRTEIGESR Y CRRRERE N6

Value of C plus band for the screening of sleep apnea hypopnea syndrome Liu Heng, Kuang Ailing, Su
Xiaofen, Guo Huizhi, Yan Huichan, Zhang Nuofu. The First Affiliated Hospital of Guangzhou Medical
University, Guangzhou Institute of Respiratory Disease, the State Key Laboratory of Respiratory
Disease, National Research Center of Clinical Medicine, Guangzhou 510120, China
Corresponding author: Zhang Nuofu, Email:nfzhanggird@163. com

[Abstract] Objective To explore the value of C plus vital sign monitoring band for the screening of
sleep apnea hypopnea syndrome (SAHS). Methods One hundred and forty-five suspect SAHS patients
are monitored for polysomography (PSG) and C plus band. Apnea hypopnea index (AHI), oxygen
desaturation index 4(ODI4), the mean Sa0, (MSa0; ), the lowest Sa0, (LSa0; ), the total time with
oxygen saturation level <C90% were calculated. Results There was a significant correlation between C
plus band-OID4 and PSG-AHI( r =0.711, P <0.001). ODI4, LSa0;, MSa0; and the total time with
oxygen saturation level<90% showed a significant correlation ( r =0.708,0.575,0.486,0.631, P values
all less than 0.001). When PSG-AHI=5 events per hour was setting as the threshold value to diagnose
SAHS, ODI4 25 events per hour of C plus band as the screening criteria, paired chi square test showed no
statistical difference( P >>0.05), kappa=0.524, P <0.001. When PSG-AHI=>5 events per hour was
setting as the threshold value to diagnose OSAHS, ODI4>11.45 events per hour of C plus band identified
patients at a sensitivity of 77.4% and a specificity of 83.9%, ODI4=>15.45 events per hour of C plus band
identified patients at a specificity of 90.3% and a sensitivity of 68.9% . Conclusions The C plus band was
proved as a portable and reliable device of screening patients who were suspected SAHS.

[Key words] Sleep apnea hypopnea di : Apnea hypopnea index; Oxygen d ion index

four; Screening
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Shanghai Children’'s
Medical Center ENT Dept.

2018.9-2019.2 Screening amount and distribution of results

Total s EBrEERT S +
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Normal 3 1 7

Mild

Moderate 46.68%
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Severe



Product Solution (Button)

Core product, Chuan Device Registration Approval No. 20162210019

Transmission

Reflection




Product Solution (Patients)

?;szt;x?.? 3M Medical Double Tape



Product Solution (Hospital Departments)

Core Products

ISARER
BUTEBHESATHTRNSY

Button Portable Charger OSA Screening

(with double tape) (With 40 Buttons) Management System
(Windows Client)

* Large-size portable charging box or fixed charging cabinet are available for big quantity;
* Otherrequired hardware, e.g. computers, printers, etc. are optional

FEE N ERERENSHRERRE KX VOO0
% H: SRM-NC1000 SRM-MC5)0F SRM-MC10000)
SRM-SC100[1 SRM-SC500F1 SRM-SC100053
B A7 S0kt HE SR 5 : )1l IR3EAE20192210022
BT BRI WS R R RE 7201600478
WA 10%~90%

HEH: -20~55C M )
7 G MR 5% &7 E R 2019428198

Pl GERA) SR RIS EREN B A RAT
G R B X 1856 R
7 b R 28X 20 K o B 8585 A 4K IGIK 31021001, 1

BEHR: 028-65290955
ARRE Qs

OSA Monitoring, Analyzing
& Authorizing Software
(CFDA)



Product Solution (Hospital Departments)

Work Station

5 - | {3

Data Collection Authorization Module Scanner



— Operation Process

[ Disinfection

Deliver to
Patient

COCIRRE} ]
'8 JaAI|IQ 3IIA3Q

Y

Hoday
91e4audn

Check

Nurse to Stick
Device to
Patient

Print Reprot

Deliver Reprot

Place Order

[ Return Device H
[ Retrieve Data J

2JNnJ30.d

Payment
Confirm

Customize
USB Key

Charge Scan Patien
& QR Code
Sleep at
Rerf'\ove ?t Required Time
Required Time at Home
Authorize [ Generate &

I L I I

uonezuoyny

Deliver

|
|
|
J




All hospitals of different

classes and clinics

Application Range

l‘\,

Population

Physical Examination/Health Above 3 years'old
Management Center, Respiratory,
Otolaryngology, Sleep Center,
Cardiology, Endocrinology,

Pediatrics, Geriatrics
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Charge Code

Charge Code Application
 Fee Name: Sleep Apnea Syndrome Screening (Reflex Technology)
* Current progress: Filed by Sichuan Provincial People's Hospital

Charging Code Scheme 1
* Sleep Respiratory Monitoring (310604001): 300-600 RMB / time * 50%

Charging Code Scheme 2 (excluding Shenzhen)

* Sleep breathingmonitoring screening test (310604002): 80-150 RMB /
time

* 7 hoursblood oxygen monitoring (310701028): 2-4 RMB / hour * 7
hours = 14-28 RMB / time

* ESS score (cost of work): 10-20 RMB / time

* Report (cost of work): 10 RMB

Total: 114-208 RMB




OSA Screening Report (Instance)
-]

BASIC INFO

Name .Zhang Desheng Sex Male Age 39
Height 170em Weight 62Kg BMI Index |21.5
Total Time 22569 Started At 2018-10-23 D0:36 Ended At |2018-10-23 D6:00
Dwration 05:23 Device SN 717201333 Results Severe
SpQ; DISTRIBUTION

<70% (min) 0 Avg. SpO, (%) 91

<75% (min) 0.4 ODM4 (times/hrs) 321

<B0% (min) 2 CQDE (minsthrs) 11.6

<85% (min) 14.5 Max. OD 21

<90% (min) 102.4 Longest OD Duration |70

<35% (min) 2706 Min. SpO, 72

HR DISTRIBUTION

Max. HR (bpm) |95 Avg. HR (bpm) 571

Min. HR (bpm} |40

DATA EXPLANATION

1. Test started from 2018-10-23 00:36 has valid data of 5:13:53;

2. Totally 168 times of oxygen deduction events happened, ODI = 32.1 times/hrs;

3. Totally 1024 mins with Sp02 = 90%, taking 32.6% of the total test time;

4. Minimum Sp0O2 = 72.0%, happened at
2018-10-23 04:52:33, lasts for 2 sec

DOCTOR'S OPINION

Technician: Doctor: Review: Drate:

Data Chart

5po2

Hr

Mow




Report Interpretation

Avg. SpO, (%) 91
ODI (times/hrs) 32.1
ODE (mins/hrs) 11.6

Max. OD 21
Longest OD Duration 70
Min. SpO- 72

The conclusions of the report are combined with the
judgment and trend graphs of the two to give a normal,
mild, moderate and severe risk classification.

Based on ODI4 and the lowest blood oxygen value,
comprehensive analysis based on guidelines

ODI4 judgment standard, unit: times / hour
« <5, normal

« 5-15, for mild risk

« 15-30, moderate risk

« >30 for severe risks

Minimum blood oxygenation criteria
« >90%, normal

« 85%-90%, mild hypoxia

« 80%-85%, moderate hypoxia

« 60%-80%, severe hypoxia



Detailed Explanation of ODI4

All night blood oxygen trend diagram expansion (partial)

ODI 4 is the abbreviation of Oxygen Desaturation Index, which refers to the number of times the hourly
oxygen saturation index drops by 2 4%. Itis one of the core indicators for judging the apnea and hypopnea
events and risk of sleep apnea hypopnea syndrome. The curve inside the blue box below is a typical ODI 4

event that occurs in a patient.
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Trend of blood oxygenation rate in patients with typical sleep apnea hypopnea syndrome

Judgment of Data Trend Graph

160
80
65
40
20

(1]
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© As shown above in the red box, blood oxygen continues to fall - picking up for a
period of time, the corresponding heart rate appears irregular rise - fall back.



Comparison of Trend Graphs of Different Risk Levels

Data Chart

ODI4 : 26 Min. SpO,: 72%

Normal

Normal

Data Chart

ODI4 : 2.7 Min.SpO,: 91%

Data Chart

ODI4 : 321 Min. SpO,: 68%

49



IV Market & Comparison




N\

The prevalence among people over 30 years old is higher, about
3-7% for men and 2-5% for women.

The prevalence rate of people over

0 \ 65 years old can reach 20-40%
4 /O 60-90% of obese patients with smoking have a 3-fold

increased risk of OSA

/,

Children due to tonsil adenoid hypertrophy is
another high-risk population

Patient population size

Only 2 %o patients get diagnosis and treatment

uoljjitu 0L



Comparison

Item PSG Portable Sleep Monitoring Newest Solution Previous Solution Traditional Solution Sleep Monitoring "Ball”
Picture
Continuous monitor nighttime ; ;
breathing (chest and abdomen Chest and abdomen Continuous blood oxygen Co:atégfac:iisnb:fec;?_ﬁggen ox Coerrlmtlsr::l?;?cil;lr?%dea it
Work movement, nasal airflow), oxygen exercise, nasal airflow, saturation, heart rate, body . " Y9 ! Wireless radar monitors
PrNci saturation, electroencephalogram, . . . . body motion, algorithm rate, body motion, ) .
rinciple electro-oculogram, blood oxygen saturation, | motion, algorithm analysis of breathing and snoring

analysis of ODI and other

algorithm analysis of

e'eiﬂfﬁiﬂd;ﬁ%'iﬁeﬁ?ﬁﬁigﬁfs"’dy heartrate ODIand other indicators indicators ODI and other indicators
OSA Purpose Diagnosis Standard Screening Screening Screening Screening Screening
Accuracy PARARASASAs PAQAGARAST ¢ PARARARAY PARARARAS PARARARAY PARARAY
. . . . - 3M medical human body . No need to wear, place
Wearing Professional technician Professional technician double-sided adhesive paste Set on_the th.umb (ring) / Wrist watch, fingerwear | the bedside strictly as
Method pastes and bundles pastes and bundles wrist (wristband) i
on the arm required
o _ N Variable package, purchase as 460USD (China)
Unit Price 10,000 - 200,000USD 10,000 - 200,000USD per demand 400USD 3000USD (Imported)
Ex Hospital
Test 3 8 v v v
Philips, Resmed, . NIHON KOHDEN, Contec,
Manufacturer Weinmann, NOX Philips, Resmed, Contec Oranger Megahealth
Hardware
CFDA v i v Vv v v
Software
CFDA v v v ) - )
Profit Model Hardware sales, software Hardware sales Hardware sales, Software Hardware sales, share Hardware sales, rental Hardware sales

maintenance

authorization (per patient)

report income (rental)




Advantages

A 5

Space Savin i .
Low Cost P g Simple Operation
Button + charging device, can be

1/10 of medium PSG Stick to the arm. Finished!

used outside of hospital, no specific
room required

Very Comfortable Authoritative & Reliable
No cable, No foreign body Based on guidelines, thousands
sensation, no need to stay of clinical data, over 50 top three

overnight in the hospital hospital applications
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